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Intensive care uNIT
An intensive care unit (ICU), also sometimes known as a critical care unit, or an intensive therapy department, is a special ward found inside most hospitals. It provides intensive care – treatment and monitoring – for people who are in a critical or unstable, condition. Patients in ICUs need constant medical support to keep their body functions going. They may not be able to breathe on their own, and have multiple organ failure, so medical equipment replaces these functions while they recover. There are several circumstances in which a person may be admitted to intensive care, for example, following surgery, or after an accident, or severe illness. ICU beds are a very expensive and limited resource because they provide specialized monitoring equipment, a high degree of medical expertise, and constant access to highly trained nurses (usually one nurse per each three beds in Belarus). Some ICUs are attached to units treating specific conditions, such as heart, kidney, liver, breathing, circulation, or nervous disorders. Others specialize in the care of babies (neonatal), children (pediatrics), or deal with severe injury, or trauma.

Definition

Intensive care is a highly effective complex of medical procedures based on a syndromatic treatment and substitution of lost or extremely impaired vital functions. Classical methods of intensive care are artificial lung ventilation, hemodialysis and extracorporeal liver support (“artificial liver”), parenteral feeding. Definition also includes intensive monitoring (visual, instrumental and laboratory) and general care of the patient. 

Intensive care is needed to care for patients in a life-threatening condition, who need continuous monitoring and treatment. Intensive care units (ICUs) are small, specialized wards, which usually have 6, 12 or 18 beds (in Belarus, in other countries something close to these numbers), wider staff, and special medical equipment. ICUs receive patients from other hospital wards, high dependency units, directly from surgery or surgical wards, and from accident and emergency departments.
Indications for ICU hospitalization:

1. Preoperative treatment in case of severe homeostasis disturbances (e.g. water-electrolyte, protein etc.).
2. After major surgery.
3. Acute circulatory failure including all types of shock.
4. Acute respiratory failure.
5. Acute renal failure.
6. Acute hepatic failure.
7. Acute CNS disturbances (severe head or spine trauma, coma, psychosis).
8. Acute metabolic disturbances (e.g. diabetic comas).
9. Acute coagulation disturbances (DIC-syndrome).
10. Severe infection (sepsis).
11. Polytrauma.
N.B. ICU beds are expensive and limited, that’s why it is really important to understand that only treatable conditions are supposed to be admitted to an ICU.
When you visit an ICU, many of the patients may appear to be asleep due to medication that may make them drowsy (sedatives), and those that kill pain (analgetics). This medication is necessary to treat so-called ICU-syndrome (depression because of intensity of personnel work 24/7 and the severe patients around), pain or if a patient is unable to breathe on his/her own, and artificial ventilation would be very uncomfortable without it (so-called ventilator synchronization). However, IC staff will always use the least possible amount of sedatives in order to maintain comfort, and patients will be partially awake some of the time. Patients are usually connected to intensive care equipment by a number of tubes, wires and cables, and they may look slightly swollen. This can be strange at first, but the patients are always made as comfortable as possible. Levels of hygiene must be kept very high, so you will need to use alcohol hand rub before and after entering an ICU. Dispensers are usually found at the entrance of the ICU and by every bed space. The number of people around a bed will usually be limited for the safety of the patient.

How it works

Intensive care units (ICUs) contain a variety of specialized equipment, which may vary from one unit to another. The kind of equipment an ICU has depends on what kind of patients it specializes in treating; for example, a neonatal ICU will have incubators for critically ill babies.

The machines cause a variety of alarms, bleeps and other sounds, most of which alert staff when something needs attention, or if a patient’s condition has changed slightly. A few alarms will require immediate attention from the nurse, but most just indicate standard monitoring.

Details about some of the main IC machines and their functions are outlined below.

Ventilator
If the lungs have failed, and the patients cannot breathe on their own, they will need to be attached to a ventilator. A ventilator is an artificial breathing machine which moves oxygen-enriched air in and out of lungs. Being helped to breathe by a ventilator means that the patient will usually need to be sedated (given medication to make him sleepy) because it would be very uncomfortable otherwise. Ventilators can offer different levels of breathing assistance, for example, if a patient has difficulty breathing in (inhaling), they can be used solely for this purpose. If the patients only need help breathing for a couple of days, it is likely they will have a tube from the ventilator placed in their mouth (endotracheal tube or ETT), and sometimes in their nose too. The tube will usually be held in the place behind the neck. However, if they need help with breathing for more than a few days, they may have a short operation called a tracheotomy, which replaces the tube in the mouth with a shorter tube placed directly into the windpipe (trachea). As well as being more comfortable, the tracheotomy will make it easier to keep lungs clean, and usually requires less sedation. In some cases, breathing may be assisted by using a 'non-invasive' ventilator. This works without the need for invasive breathing tubes and sedation, and reduces the risk of ventilator associated infection. A face mask, nasal mask, or a helmet, is securely fitted to support each breath.

Monitoring equipment
In order to measure important body functions, wires may be attached by sensor pads to various parts of the patient’s body, and linked to monitors. They monitor several functions, including:

· heart and pulse rate (known as an electrocardiogram, or ECG),

· the air flow to lungs,

· blood pressure and blood flow,

· the pressure in veins (known as central venous pressure, or CVP),

· the amount of oxygen in blood (saturation), and

· body temperature.

Monitoring equipment will track every tiny change in bodily functions, and will alert the IC staff immediately if any of the patient’s functions rise, or fall, to a level that could be dangerous.

IVs and pumps
Tubes inserted intravenously (into a vein in the arm, chest, neck, or leg) are used to provide your body with a steady supply of essential fluids, vitamins, nutrients, and medication, directly into bloodstream. A tube inserted into the main veins in their neck is known as a “central line”. These tubes are often called IVs, IV lines, or drips, and they consist of one or more bags of fluid hanging from a pole (drip stands), and attached to pumps (syringe drivers) which constantly regulate supply. Patients may also be given blood intravenously using an IV.
Kidney support
Patient’s kidneys filter waste from the blood and manage the levels of fluid in the body. However, if they are not working, a kidney machine, also known as a dialysis machine, can replace this function. Blood can be fed through the machine, which removes waste products from it, before returning it to the body.

Feeding tube
If the patients need help breathing through a ventilator, they will not be able to swallow normally, so a feeding tube can be placed in their nose, through the throat, and down into stomach, and small intestines, in order to provide liquid food. This liquid food contains all the nutrients that they need, in the right amounts, including protein, carbohydrates, vitamins and minerals, and fats. If digestive system is not working, nutritional support can be fed directly into veins. A nasogastric tube, sometimes referred to as a NG tube, can be placed through the nose and down into stomach. If necessary, it can be used to remove solid food, or liquids, from stomach.

Drains
After surgery, tubes called drains may be used to remove any build up of blood until the patients are healed.

Catheters
Catheters are thin flexible tubes which can be inserted into patient’s bladder. They allow urine to be passed without the need to visit the toilet. The amount of urine passed is usually measured so that the doctors can tell how well kidneys are working.

Suction pumps
Another tube can be passed down inside the patient’s endotracheal tube (breathing tube) and attached to a suction pump in order to remove any excess secretions, and keep their airways clear.

All this equipment is needed to optimize patient’s treatment, monitoring and nursing and one should be really familiar with it in order to be a good intensivist.
ACUTE CIRCULATORY FAILURE
Introduction

Acute circulatory failure (ACF) including cardiogenic shock (CGS) has emerged as one of the most common causes of death in patients admitted to the intensive care unit, with an associated mortality of 80%. For better understanding we’ll take those definitions as synonyms, although there is a certain difference between them. A variety of conditions may lead to ACF (any kind of severe damage to organism: trauma, burn, infection, anaphylactic reaction, severe infection, intoxication etc.). CGS most commonly complicates acute myocardial infarction (AMI). 

Shock syndrome is characterized by a marked abnormality of vascular and cardiac function, systemic hypoperfusion, tissue hypoxia of circulatory origin and widespread cellular and organ dysfunction as a consequence. 

Shock has a great variety of definitions but one above is easy to understand. The main idea is that shock is not supposed to be understood as a problem of macrocirculation but the one of micro. If hypoperfusion is allowed to persist, a vicious cycle of increasing ischemic damage and further hypoperfusion may develop, culminating in irreversible myocardial failure. The successful management of ACF requires a stepwise logical approach based on the etiology of the shock and the patient's prevailing hemodynamic status. 

Etiology

A number of pathological conditions can lead to the development of ACF. Many are associated with paralysed blood vessels, lack (absolute or relative but always of acute kind) of circulating volume , injured or depressed left and/or right ventricular function. Less common are conditions associated with cardiac compression and inadequate filling or severe ventricular inflow or outflow obstruction. In any given patient, several of these factors may coexist, creating a complex mosaic of potentially remediable problems, all contributing to the shock syndrome. Because many of the causes of shock are associated with a poor prognosis even with appropriate treatment, identification of these easily reversible causes is essential.

Classification 

According to the triggering mechanism and pathophysiology all shocks can be divided into four main groups:

1. Hypovolemic: haemorrhagic, burn, traumatic (pain shock) – absolute or relative mismatch between circulatory volume and the volume of circulating blood

2. Cardiogenic shock – acute low cardiac output syndrome. Hypoperfusion occurs due to the loss of pumping function of the heart

3. Septic shock

4. Anaphylactic shock

In 3rd and 4th conditions hypoperfusion occurs mainly because of increased arterio-venous shunting under the influence of immune mediators (inflammatory and allergic accordingly).  

Clinical presentation of shock syndrome 

The two cardinal elements of ACF are 1) hypotension and 2) hypoperfusion. Hypotension alone, in the absence of poor tissue perfusion, should not be considered shock. The clinical definition of shock includes the following factors: 

1) systolic pressure less than 90 mm hg (or 30 mm hg less than baseline systolic pressure levels); 

2) peripheral vasoconstriction with cool clammy extremities, acrocyanosis;

3) urine output less than 0,5 ml/kg/hr; 

4) altered mental status – restlessness, agitation, obtundation. 

In response to the shock state, the body initiates a number of compensatory mechanisms which seek to restore circulatory homeostasis. Skin, skeletal muscle, kidney and splanchnic vascular beds undergo vasoconstriction in order to maintain mean arterial pressure and to preserve coronary and cerebral perfusion. An increase in sympathetic tone increases the heart rate and myocardial contractility, thereby maximizing cardiac output. Intravascular volume is increased through the activation of the renin-angiotensin-aldosterone system.  In the early stages of the shock syndrome, these defense mechanisms may be adequate to preserve a marginal blood pressure and cardiac output. Over time, however, their efficacy will degenerate leading to progressive myocardial failure and the full shock syndrome. Acute pulmonary congestion secondary to increased left heart filling pressures is a common complication. Physical examination reveals tachypnea, rales on pulmonary auscultation, a summation gallop and signs of increased right heart filling pressures. Extremities are cool and pale with a prolonged capillary refill. The Chest X-ray may reveal cardiac enlargement and cephalization of pulmonary vasculature, pulmonary edema or adult respiratory distress syndrome (ARDS). Pulse oximetry or arterial blood gases (ABG) may indicate hypoxia. 

Initial approach: questions to answer

Assessment of Airway/Ventilation: – Does the patient require immediate airway management and intubation or will high flow O2 suffice for now? 

Assessment of hemodynamic status: – Is there evidence of hypoperfusion, demanding an immediate increase in core systemic BP and, if so, what therapeutic intervention is most appropriate? 

Diagnosis and management of pulmonary edema (in case of cardiogenic shock): – Is pulmonary edema present on physical exam and, if so, how can it best be managed given the over all hemodynamic state? 

Assessment of cardiac rhythm (in case of cardiogenic shock): 

– Does the patient demonstrate an arrhythmia and, if so, is it contributing to the abnormal hemodynamic state such that immediate antiarrhythmic therapies are indicated? 

– Does the patient have any risk factors for thrombolytic therapy? Consideration of the next step: 

– Is the patient a candidate for interventional cardiology or surgery? 

Initial identification and management

While an exact diagnosis is important in order to guide specific therapy, a physician's diagnostic zeal should not delay initial stabilization of the patient. A brief history and physical exam, ECG monitoring, pulse oximetry, full ECG can be quickly obtained and provide sufficient information to point the resuscitation in the right direction. 

Initial therapeutic measures should focus on optimization of arterial oxygenation and aggressive stabilization of BP. High flow O2 via a non-rebreather mask should be started immediately and later tailored to results of pulse oximetry or ABG measurements. Endotracheal intubation is recommended in patients who are obtunded, remain hypoxic despite supplemental oxygen, demonstrate significant fatigue from the work of breathing, or experience severe acid-base abnormalities. If severe pulmonary edema or ARDS complicate circulatory disturbance, positive end-expiratory pressure (PEEP), via CPAP mask or ventilator, may be required to normalize arterial blood oxygenation. CPAP is a recent, efficacious addition to the ED management of pulmonary edema having demonstrated improved oxygenation and a lower the rate of intubation. 8 PEEP can diminish cardiac output, however, so the hemodynamic effects need to be closely monitored. 

When they are present, the correction of underlying arrhythmias may have a beneficial effect on cardiac function. Bradyarrhythmias are treated initially with the parasympatholytic agent atropine which decreases vagal tone and increases heart rate and cardiac output. If unsuccessful, noninvasive transcutaneous or invasive transvenous venous pacing is required. Tachyarrythmias in the setting of shock require immediate pharmacologic (adenosine, verapamil, B-blockers, digitalis, etc.) or electrical cardioversion. Atrial fibrillation, even at normal heart rates, can have a deleterious effect on cardiac output. The loss of the atrial `kick' which accounts for up to 15% of cardiac output can be critical if superimposed on an already dysfunctioning heart. 

Hemodynamic evaluation

Hemodynamic evaluation is one of the most important steps in making correct therapeutical decision. Usually central venous catheter is sufficient for quick hemodynamic status evaluation (central venous pressure measurement – right heart preload) and adequate fluid resuscitation tempo.

Although not available in most EDs, central hemodynamic monitoring has a pivotal role to play in the management of patients with CGS. Right heart catheters allow the measurement of right atrial, pulmonary artery and pulmonary wedge pressures. An accurate characterization of the specific hemodynamic abnormalities permits a more appropriate selection of therapeutic options as well as the ongoing monitoring of their effects to maximize the cardiac output at the lowest optimal wedge pressure. 

Pharmacologic therapy in acute circulatory failure

Regardless the cause of shock initial approach is always the same.

1. Etiological treatment (bleeding management in hemorrhagic, painkillers in traumatic, antihistamine and steroids in anaphylactic, surgery and antibiotics in septic etc.)

2. Fluid resuscitation. Sometimes more than one venous line is required. Normally considerable volume of fluids is required in all the cases of shock excluding cardiogenic one. Usually infusion is started with crystalloids and than supported by colloids. Normal volume ratio is 3:1 – 4:1. Crystalloids are usually needed to restore the circulating volume and to improve microcirculation. They are cheaper as well. Colloids are required to maintain the volume in circulation. They are supposed to be added later because dextranes may lead to glomerular damage in hypovolemic patients. All the colloids may cause poor platelets aggregation. Fluid refilling needs constant efficacy control (AP, CVP, urine output, skin color and temperature).

3. Inotropic agents. Usually used if fluid resuscitation is ineffective. They are not supposed to be used until hypovolemia is managed.

Dopamine. I.v. dopamine exerts its effects by direct stimulation of alpha, beta and dopaminergic receptors. In low doses, dopamine stimulates renal and splanchnic vascular beds to dilate. This protects renal perfusion and may facilitate continuous urinary output. At higher doses, stimulation of alpha and beta receptors improves BP through central inotropic and chronotropic effects and peripheral vasoconstriction. In the hypotensive patient with signs of fluid overload, dopamine may be the best initial alternative to restore perfusion. Adverse effects include sinus tachycardia, tachyarrhythmias, excessive peripheral vasoconstriction and compromise of tissue blood flow. 

Dobutamine. Dobutamine is a synthetic catecholamine that differs from dopamine in several respects. Dobutamine has predominantly B-adrenergic actions and only minimal alpha effects; resulting in improved cardiac contractility and diminished afterload. Dobutamine is generally preferred over dopamine since it tends to produce equivalent increases in cardiac output but lesser increments in heart rate, lower risk of arrhythmias, no vasoconstriction and more consistent reduction in LV filling pressures. However, if marked hypotension is present, dobutamine may not restore adequate systemic pressure and dopamine may be required. 

Norepinephrine. Norepinephrine is a very potent vasoconstrictor with much less overall chronotropic effects compared to dopamine and dobutamine. While such effects may temporarily improve arterial pressure in the severely hypotensive patient, little increase or actual net decrease in cardiac output may result, eventually leading to a worsening of the patient's condition. Thus, norepinephrine is a distant third choice behind either dopamine or dobutamine. 

Pharmacological therapy in cardiogenic shock

Aspirine: 125 – 250 mg orally or sublingually. Decreases blood platelets aggregation.

Heparine intravenously: 10000 bolus + 20000/day constant infusion or 5000 each 6 hours. Lengthens inner path of coagulation 1.5 – 2 times (APTT needs to be monitored, goal is at least 40 seconds).

Vasodilators: In the setting of depressed ventricular function, afterload is a major determinant of cardiac output. Reduction in afterload, through the use of short-acting direct vasodilators such as nitroprusside and i.v. nitroglycerin, results in a decrease in outflow impedance to LV ejection. Stroke volume and cardiac output are increased while myocardial oxygen demand is reduced. Mitral or aortic insufficiency is improved and the left to right shunting in septal rupture is reduced. The major drawback of vasodilator therapy in this setting is excessive hypotension. In the shock syndrome, hemodynamic response to afterload reduction must be carefully monitored and may require hemodynamic monitoring. 

Analgesia. Any possible way works, but usually opiates or NLA required.

Intravenous Fluids: Secure i.v. access must be established early in the patient's course. Relative hypovolemia is present in up to 20% of patients presenting in CGS. Cautious administration of multiple small fluid boluses or slow constant infusion of 8 – 15 ml/kg/day can be helpful. Strict attention must be paid to the patient's pulmonary examination and the arterial oxygen saturation during IV fluid administration. 

Diuretics: The most immediate impact of i.v. diuretics (e.g. furosemide) is vasodilatation and reduction in preload. While a reduction in preload may have a beneficial effect on pulmonary congestion and an elevated wedge pressure, it may also lead to a corresponding decrease in LV stroke volume and cardiac output. Patients with diastolic dysfunction such as hypertrophic cardiomyopathy and certain valvular outflow obstruction (ie. aortic or mitral) are particularly sensitive to decreases in preload. 

Vasopressors: If hypotension and poor cardiac output persist, inotropic support with sympathomimetic agents should be added. The most commonly used agent is dobutamine. 

Combined vasodilator and vasopressor therapy: The favorable effects of the simultaneous vasopressor and vasodilator therapy in CGS have been described in several studies. Combined therapy permits lower doses of each agent to be used, minimizing side effects while improving overall ventricular function. For example, while an inotropic agent may increase contractility, it will also increase systemic resistance. Net cardiac output may not improve unless a vasodilator is added to reduce afterload. The most common combinations include dopamine with nitroglycerin or nitroprusside.

Revascularization strategies

CGS following AMI is the result of extensive myocardial necrosis, usually in excess of 30% of the LV. Of patients with AMI, 4,5% are already in CGS when first seen and an additional 3,0% develop CGS during the initial hospitalization. With standard supportive therapy, these patients have a 80% mortality. There is mounting evidence that infarct related coronary artery patency is a major determinant of in-hospital and long-term survival in patients with post-infarction CGS. Reperfusion can relieve ischemia of jeopardized myocardium, restore its contractile function, and render it more responsive to inotropic agents. 

Thrombolytic Therapy: Although thrombolytic therapy has been shown unequivocally to improve patient survival after AMI, its impact on patients with CGS is primarily anecdotal; in one large study, it did not appear to improve upon standard supportive therapy. This poor response is thought to be due to a variety of mechanical factors present in CGS which diminish the effectiveness of plasminogen and plasminogen activators: decreased coronary blood flow, vasoconstriction and a relatively small thrombus burden. Currently, patients in CGS with potentially salvageable myocardium should receive thrombolytics immediately provided there are no contraindications. However, coronary angiography should not be delayed for evaluation of the effects of thrombolysis since reperfusion failure is common. 

Percutaneous Transluminal Coronary Angioplasty (PTCA): The goal of early coronary angiography is to investigate potentially reversible mechanical problems and the suitability of PTCA. Successful, urgent PTCA of the infarct related artery is associated with a significant reduction of in-hospital mortality and represents the best chance to improve an otherwise dismal prognosis. Some studies report overall survival rates as high as 60%. Patients with predominantly single vessel disease are most likely to benefit from PTCA. 

Surgical Intervention: Although surgical revascularization has had encouraging results, the logistical requirements of a primary surgical approach prohibit its general application. The patients most likely to benefit from surgery are those with a potentially lethal mechanical complication (i.e., severe mitral insufficiency, septal or ventricular rupture) or with three vessel diseases not amenable to PTCA. 

Invasive interventions in the treatment of cardiogenic shock

In addition to pharmacologic agents, mechanical support devices can be a useful adjunct to the overall management of CGS. Typically these devices play only a temporizing role enabling the stabilization of patients until definitive revascularization or surgical correction is performed. Intra-aortic Balloon Counterpulsation (IABP). IABP can rapidly stabilize patients with CGS, particularly those with global ischemia or mechanical complications of AMI such as papillary muscle rupture (severe mitral regurgitation) or ventricular septal rupture. IABP decreases LV work and oxygen demand while improving coronary artery perfusion during diastole and cardiac output (typically 10-20% greater). The beneficial hemodynamic effects of IABP may be further augmented by the simultaneous use of vasodilator or inotropic agents. 

Clinical improvement occurs in nearly 75% of patients, yet short and long term mortality remains high unless IABP is used for near-term stabilization in preparation for revascularization or surgical correction of mechanical defects. Complications may occur in up to 30% of patients and include vascular compromise of extremities and abdominal viscera, damage to femoral artery, aortic dissection, hemolysis, air embolism and thrombocytopenia. IABP is best suited to patients who are younger, free of aorto-iliac disease or aortic regurgitation, experiencing CGS after their first infarction (no prior MIs) and unresponsive to standard pharmacologic therapy. 

Left Ventricular Assist Devices: Newly developed powerful circulatory-assist devices such as the Hemopump (Johnson & Johnson) and percutaneous cardiopulmonary bypass have proved useful in stabilizing CGS patients in route to definitive, corrective intervention. The Hemopump is a catheter mounted blood pump that is placed percutaneously through the femoral artery into the LV. Once in place, blood is drawn directly from the LV and ejected into the descending aorta. Flow rates as high a 8-10 liter/min have been reported with improved survival when coupled with coronary angioplasty or bypass surgery. Unfortunately, these devices are subject to many of the same limitations and complications as the IABP. 

Other mechanical interventions may be useful in specific disease processes such as pericardiocentesis in pericardial tamponade and balloon valvuloplasty for critical aortic and mitral stenosis. 
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ACUTE RESPIRATORY FAILURE
Definition
Respiratory failure is a syndrome in which the respiratory system fails in one or both of its gas exchange functions: oxygenation and carbon dioxide elimination in the normal work of breathing. In practice, respiratory failure is defined as a PaO2 value of less than 60 mm Hg while breathing air or a PaCO2 of more than 50 or less than 30 mm Hg. Furthermore, respiratory failure may be acute or chronic. While acute respiratory failure is characterized by life-threatening derangements in arterial blood gases and acid-base status, the manifestations of chronic respiratory failure are less dramatic and may not be as readily apparent.

Classification of respiratory failure
Respiratory failure may be classified as hypoxemic (failure to oxygenate) or hypercapnic (failure to ventilate) and may be either acute or chronic.

Hypoxemic respiratory failure (type I) is characterized by a PaO2 of less than 60 mm Hg with a normal or low (less than 30 mm Hg) PaCO2. This is the most common form of respiratory failure, and it can be associated with virtually all acute diseases of the lung, which generally involve fluid filling or collapse of alveolar units. Some examples of type I respiratory failure are cardiogenic or noncardiogenic pulmonary edema, pneumonia, and pulmonary hemorrhage.

Hypercapnic respiratory failure (type II) is characterized by a PaCO2 of more than 50 mm Hg. Actually the process of CO2 elimination is called ventilation. Hypoxemia is common in patients with hypercapnic respiratory failure who are breathing room air. The pH depends on the level of bicarbonate, which, in turn, is dependent on the duration of hypercapnia. Common etiologies include drug overdose, neuromuscular disease, chest wall abnormalities, and severe airway disorders (e.g., asthma, chronic obstructive pulmonary disease [COPD]).

Pathophysiology
Respiratory failure can arise from an abnormality in any of the components of the respiratory system, including the airways, alveoli, CNS, peripheral nervous system, respiratory muscles, and chest wall. Patients who have hypoperfusion secondary to cardiogenic, hypovolemic, or septic shock often present with respiratory failure.

Hypoxemic respiratory failure: The pathophysiologic mechanisms that account for the hypoxemia observed in a wide variety of diseases are ventilation-perfusion (V/Q) mismatch and shunt. These 2 mechanisms lead to widening of the alveolar-arterial oxygen difference, which normally is less than 15 mm Hg. That means that normally partial pressure of oxygen in alveolar air is pretty close to one in arterial blood. An intrapulmonary or intracardiac shunt causes mixed venous (deoxygenated) blood to bypass ventilated alveoli and results in venous admixture. The distinction between V/Q mismatch and shunt can be made by assessing the response to oxygen supplementation or calculating the shunt fraction following inhalation of 100% oxygen. In most patients with hypoxemic respiratory failure, these 2 mechanisms coexist.

Hypercapnic respiratory failure. At a constant rate of carbon dioxide production, PaCO2 is determined by the effectiveness of alveolar ventilation (Va).

A decrease in alveolar ventilation can result from a reduction in overall (minute) ventilation or an increase in the proportion of dead space ventilation. A reduction in minute ventilation is observed primarily in the setting of neuromuscular disorders and CNS depression. In pure hypercapnic respiratory failure, the hypoxemia is easily corrected with oxygen therapy.

Ventilatory capacity versus demand
Ventilatory capacity is the maximal spontaneous ventilation that can be maintained without development of respiratory muscle fatigue. Ventilatory demand is the spontaneous minute ventilation that results in a stable PaCO2. Normally, ventilatory capacity greatly exceeds ventilatory demand. Respiratory failure may result from either a reduction in ventilatory capacity or an increase in ventilatory demand (or both). Ventilatory capacity can be decreased by a disease process involving any of the functional components of the respiratory system and its controller. Ventilatory demand is augmented by an increase in minute ventilation and/or an increase in the work of breathing.

Pathophysiologic mechanisms in acute respiratory failure

The act of respiration engages 3 processes: (1) transfer of oxygen across the alveolus, (2) transport of oxygen to the tissues, and (3) removal of carbon dioxide from blood into the alveolus and then into the environment. Respiratory failure may occur from malfunctioning of any of these processes. In order to understand the pathophysiologic basis of acute respiratory failure, an understanding of pulmonary gas exchange is essential.

Physiology of gas exchange
Respiration primarily occurs at the alveolar capillary units of the lungs, where exchange of oxygen and carbon dioxide between alveolar gas and blood takes place. Following diffusion into the blood, the oxygen molecules reversibly bind to the hemoglobin. Each molecule of hemoglobin contains 4 sites for combination with molecular oxygen, 1 g of hemoglobin combines with a maximum of 1.36 mL of oxygen. The quantity of oxygen combined with hemoglobin depends on the level of blood PaO2. This relationship, expressed as the oxygen hemoglobin dissociation curve, is not linear, but has a sigmoid-shaped curve with a steep slope between a PaO2 of 10 and 50 mm Hg and a flat portion above a PaO2 of 70 mm Hg. The carbon dioxide is transported in 3 main forms: (1) in simple solution, (2) as bicarbonate, and (3) combined with protein of hemoglobin as a carbamino compound.

During ideal gas exchange, blood flow and ventilation would perfectly match each other, resulting in no alveolar-arterial PO2 difference. However, even in normal lungs, not all alveoli are ventilated and perfused perfectly. For a given perfusion, some alveoli are underventilated while others are overventilated. Similarly, for known alveolar ventilation, some units are underperfused while others are overperfused. The optimally ventilated alveoli that are not perfused well are called high V/Q units (acting like dead space), and alveoli that are optimally perfused but not adequately ventilated are called low V/Q units (acting like a shunt).

Alveolar ventilation
At steady state, the rate of carbon dioxide production by the tissues is constant and equals the rate of carbon dioxide elimination by the lung. The efficiency of lungs at carrying out of respiration can be further evaluated by measuring alveolar-to-arterial PaO2 difference.

Even normal lungs have some degree of V/Q mismatching and a small quantity of right-to-left shunt (up to 10%), alveolar PO2 is slightly higher than arterial PO2. However, an increase in alveolar-to-arterial PO2 above 15-20 mm Hg indicates pulmonary disease as the cause of hypoxemia.

Pathophysiologic causes of acute respiratory failure
Hypoventilation, V/Q mismatch, and shunt are the most common pathophysiologic causes of acute respiratory failure. These are described in the following paragraphs.

Hypoventilation is an uncommon cause of respiratory failure and usually occurs from depression of the CNS from drugs or neuromuscular diseases affecting respiratory muscles. Hypoventilation is characterized by hypercapnia and hypoxemia. The relationship between PaCO2 and alveolar ventilation is hyperbolic. As ventilation decreases below 4-6 L/min, PaCO2 rises precipitously. Hypoventilation can be differentiated from other causes of hypoxemia by the presence of a normal alveolar-arterial PO2 gradient.

V/Q mismatch is the most common cause of hypoxemia. V/Q units may vary from low to high ratios in the presence of a disease process. The low V/Q units contribute to hypoxemia and hypercapnia in contrast to high V/Q units, which waste ventilation but do not affect gas exchange unless quite severe. The low V/Q ratio may occur either from a decrease in ventilation secondary to airway or interstitial lung disease or from overperfusion in the presence of normal ventilation. The overperfusion may occur in case of pulmonary embolism, where the blood is diverted to normally ventilated units from regions of lungs that have blood flow obstruction secondary to embolism. Administration of 100% oxygen eliminates all of the low V/Q units, thus leading to correction of hypoxemia. As hypoxemia increases the minute ventilation by chemoreceptor stimulation, the PaCO2 level generally is not affected.

Shunt is defined as the persistence of hypoxemia despite 100% oxygen inhalation. The deoxygenated blood (mixed venous blood) bypasses the ventilated alveoli and mixes with oxygenated blood that has flowed through the ventilated alveoli, consequently leading to a reduction in arterial blood content.

Anatomical shunt exists in normal lungs because of the bronchial and thebesian circulations, accounting for 2-3% of shunt. A normal right-to-left shunt may occur from atrial septal defect, ventricular septal defect, patent ductus arteriosus, or arteriovenous malformation in the lung. Shunt as a cause of hypoxemia is observed primarily in pneumonia, atelectasis, and severe pulmonary edema of either cardiac or noncardiac (ARDS) origin. Hypercapnia generally does not develop unless the shunt is excessive (>60%). When compared to V/Q mismatch, hypoxemia produced by shunt is difficult to correct by oxygen administration.

History
The diagnosis of acute or chronic respiratory failure begins with clinical suspicion of its presence. Confirmation of the diagnosis is based on arterial blood gas analysis. Evaluation of an underlying cause must be initiated early, frequently in the presence of concurrent treatment for acute respiratory failure.

Physical examination
The signs and symptoms of acute respiratory failure reflect the underlying disease process and the associated hypoxemia or hypercapnia. Localized pulmonary findings reflecting the acute cause of hypoxemia, such as pneumonia, pulmonary edema, asthma, or COPD, may be readily apparent. In patients with ARDS, the manifestations may be remote from the thorax, such as abdominal pain or long-bone fracture. Neurological manifestations include restlessness, anxiety, confusion, seizures, or coma.

· Dyspnea, an uncomfortable sensation of breathing, often accompanies respiratory failure. Excessive respiratory effort, vagal receptors, and chemical stimuli (hypoxemia and/or hypercapnia) all may contribute to the sensation of dyspnea.
· Cyanosis, a bluish color of skin and mucous membranes, indicates hypoxemia. Visible cyanosis typically is present when the concentration of deoxygenated hemoglobin in the capillaries or tissues is at least 5 g/dL.

· Both confusion and somnolence may occur in respiratory failure. Myoclonus and seizures may occur with severe hypoxemia. Polycythemia is a complication of long-standing hypoxemia.   
· Asterixis may be observed with severe hypercapnia. Tachycardia and a variety of arrhythmias may result from hypoxemia and acidosis. 

· Once respiratory failure is suspected on clinical grounds, arterial blood gas analysis should be performed to confirm the diagnosis and to assist in the distinction between acute and chronic forms. This helps to assess the severity of respiratory failure and also helps to guide management. 

· Pulmonary hypertension frequently is present in chronic respiratory failure. Alveolar hypoxemia potentiated by hypercapnia causes pulmonary arteriolar constriction. If chronic, it is accompanied by hypertrophy and hyperplasia of the affected smooth muscles and narrowing of the pulmonary arterial bed. The increased pulmonary vascular resistance increases afterload of the right ventricle, which may induce right ventricular failure. This, in turn, causes enlargement of the liver and peripheral edema. The entire sequence is known as cor pulmonale. 

Criteria for the diagnosis of acute respiratory distress syndrome 

· Clinical presentation – tachypnea and dyspnea; crackles upon auscultation

· Low blood O2 saturation (<90% regardless oxygen supplementation)

· Clinical setting – direct insult (aspiration) or systemic process causing lung injury (sepsis). ARDS is always following severe pre-existing condition

· High shunt fraction (normally >25%)

· Radiologic appearance – 3-quadrant or 4-quadrant alveolar flooding (both-sided, butterfly-looking)

· Lung mechanics – diminished compliance ( <40 mL/cm water) 

· Gas exchange – severe hypoxia refractory to oxygen therapy (PaO2/FIO2 <200) 

· Normal pulmonary vascular properties – pulmonary capillary wedge pressure <18 mm Hg

Causes
These diseases can be grouped according to the primary abnormality and the individual components of the respiratory system, as follows:

Central nervous system disorders

· A variety of pharmacological, structural, and metabolic disorders of the CNS are characterized by depression of the neural drive to breathe. 

· This may lead to acute or chronic hypoventilation and hypercapnia. 

· Examples include tumors or vascular abnormalities involving the brain stem, an overdose of a narcotic or sedative, and metabolic disorders such as myxedema or chronic metabolic alkalosis.

Disorders of the peripheral nervous system, respiratory muscles, chest wall 

· These disorders lead to an inability to maintain a level of minute ventilation appropriate for the rate of carbon dioxide production. 

· Concomitant hypoxemia and hypercapnia occur. 

· Examples include Guillain-Barré syndrome, muscular dystrophy, myasthenia gravis, severe kyphoscoliosis, and morbid obesity.

Abnormalities of the airways 

· Severe airway obstruction is a common cause of acute and chronic hypercapnia. 

· Examples of upper airway disorders are acute epiglottitis and tumors involving the trachea; lower airway disorders include COPD, asthma, and cystic fibrosis.

Abnormalities of the alveoli 

· The diseases are characterized by diffuse alveolar filling, frequently resulting in hypoxemic respiratory failure, although hypercapnia may complicate the clinical picture. 

· Common examples are cardiogenic and noncardiogenic pulmonary edema, aspiration pneumonia, or extensive pulmonary hemorrhage. These disorders are associated with intrapulmonary shunt and an increased work of breathing.

Diagnosis criteria (laboratory and instrumental) – things to be done

1. Lab Studies: blood gases, complete blood count (anemia, polycythemia), biochemistry (cardiac, hepatic & renal markers)
2. Imaging Studies: chest radiograph, echocardiography

3. ECG
TREATMENT

Medical care
Hypoxemia is the major immediate threat to organ function. Therefore, the first objective in the management of respiratory failure is to prevent and/or reverse tissue hypoxia. Hypercapnia unaccompanied by hypoxemia generally is well tolerated and probably is not a threat to organ function unless accompanied by severe acidosis. Many experts believe that hypercapnia should be tolerated until the arterial blood pH falls below 7.2. Appropriate management of the underlying disease obviously is an important component in the management of respiratory failure.

A patient with acute respiratory failure generally should be admitted to an intensive care unit. Most patients with chronic respiratory failure can be treated at home with oxygen supplementation and/or ventilatory assist devices along with therapy for their underlying disease.

Airway management 

· Assurance of an adequate airway is vital in a patient with acute respiratory distress. 

· The most common indication for endotracheal intubation (ETT) is respiratory failure. 

· ETT serves as an interface between the patient and the ventilator. 

· Another indication for ETT is airway protection in patients with altered mental status (less than 10 on Glasgow Coma Score).

Correction of hypoxemia and hypercapnia

· After securing an airway, attention must turn to correcting the underlying hypoxemia, the most life-threatening facet of acute respiratory failure. 

· The goal is to assure adequate oxygen delivery to tissues, generally achieved with a PaO2 of 60 mm Hg or an arterial oxygen saturation (SaO2) of greater than 90%. 

· Supplemental oxygen is administered via nasal prongs or face mask; however, in patients with severe hypoxemia, intubation and mechanical ventilation often are required.

Treatment of underlying cause 

· After the patient's hypoxemia is corrected and the ventilatory and hemodynamic status have stabilized, every attempt should be made to identify and correct the underlying pathophysiologic process that led to respiratory failure in the first place. 

· The specific treatment depends on the etiology of respiratory failure. 

· In Medication, a brief discussion of medications used to treat common causes of respiratory failure, such as cardiogenic pulmonary edema, chronic obstructive pulmonary disease, and asthma, is provided. 

· The reader is recommended to review the article specific to the disease for the workup and management of the various disorders, all of which progress by different means but ultimately converge on a final common pathway of respiratory failure.

Coexistent hypercapnia and respiratory acidosis may need to be addressed. This is done by correcting the underlying cause or providing ventilatory assistance. 

Mechanical ventilation is used for 2 essential reasons: (1) to increase PaO2 and (2) to lower PaCO2. Mechanical ventilation also rests the respiratory muscles and is an appropriate therapy for respiratory muscle fatigue.

Ventilator management 

The use of mechanical ventilation during the polio epidemics of the 1950s was the impetus that led to the development of the discipline of critical care medicine. 

Prior to the mid 1950s, negative-pressure ventilation with the use of “iron lungs” was the predominant method of ventilatory support. 

Currently, virtually all mechanical ventilatory support for acute respiratory failure is provided by positive-pressure ventilation. Nevertheless, negative-pressure ventilation still is used occasionally in patients with chronic respiratory failure. 

Over the years, mechanical ventilators have evolved from simple pressure-cycled machines to sophisticated microprocessor-controlled systems. A brief review of mechanical ventilation is presented as follows.

Overview of mechanical ventilation 

Positive-pressure versus negative-pressure ventilation. In order for air to enter the lungs, a pressure gradient must exist between the airway and alveoli. This can be accomplished either by raising pressure at the airway (positive-pressure ventilation) or by lowering pressure at the level of the alveolus (negative-pressure ventilation). The iron lung or tank ventilator is the most common type of negative-pressure ventilator used in the past. These ventilators work by creating subatmospheric pressure around the chest, thereby lowering pleural and alveolar pressure, and thus facilitating flow of air into the patient's lungs. These ventilators are bulky, poorly tolerated, and are not suitable for use in modern critical care units. Positive-pressure ventilation can be achieved by an endotracheal or tracheostomy tube or noninvasively through a nasal mask or face mask. 

Controlled versus patient-initiated (i.e., assisted). Ventilatory assistance can be controlled (AC) or patient-initiated. In controlled modes of ventilation, the ventilator delivers assistance independent of the patient's own spontaneous inspiratory efforts. In contrast, during patient-initiated modes of ventilation, the ventilator delivers assistance in response to the patient's own inspiratory efforts. The patient's inspiratory efforts can be sensed by triggering mechanisms. 

Pressure-targeted versus volume-targeted. During positive-pressure ventilation, either pressure or volume may be set as the independent variable. In volume-targeted (or volume preset) ventilation, tidal volume is the independent variable set by the physician and/or respiratory therapist, and airway pressure is the dependent variable. In volume-targeted ventilation, airway pressure is a function of the set tidal volume and inspiratory flow rate, the patient's respiratory mechanics (compliance and resistance), and the patient's respiratory muscle activity. In pressure-targeted (or pressure preset) ventilation, airway pressure is the independent variable and tidal volume is the dependent variable. The tidal volume during pressure-targeted ventilation is a complex function of inspiratory time, the patient's respiratory mechanics, and the patient's own respiratory muscle activity.

Endotracheal tube

Care of an endotracheal tube includes correct placement of the tube, maintenance of proper cuff pressure, and suctioning to maintain a patent airway. 

Following intubation, the position of the tube in the airway (rather than esophagus) should be confirmed by auscultation of the chest and, ideally, by a carbon dioxide detector. As a general rule, the endotracheal tube should be inserted to an average depth of 23 cm in men and 21 cm in women (measured at the incisor). Confirming proper placement of the endotracheal tube with a chest radiograph is recommended. 

The tube should be secured to prevent accidental extubation or migration into the mainstem bronchus, and the endotracheal tube cuff pressure should be monitored periodically. The pressure in the cuff generally should not exceed 25 mm Hg. 

Endotracheal suctioning can be accomplished by either open-circuit or closed-circuit suction catheters. Routine suctioning is not recommended because suctioning may be associated with a variety of complications, including desaturation, arrhythmias, bronchospasm, severe coughing, and introduction of secretions into the lower respiratory tract, secondary infection.

Triggering mechanism 

In patient-initiated (assisted) ventilation, the ventilator must sense the patient's inspiratory effort in order to deliver assistance. Ventilator triggering may be based on either a pressure or a flow change. 

With pressure-triggering, the ventilator is set to detect a certain change in pressure. The ventilator is triggered whenever airway pressure drops by the set amount. For example, in a patient on no positive end-expiratory pressure (PEEP) with a trigger sensitivity set at 1 cm water, a breath is triggered whenever airway pressure falls below -1 cm water. In a patient on 5-cm water PEEP with the same trigger sensitivity, a breath is triggered whenever airway pressure falls below +4 cm water. 

In flow-triggering, a continuous flow of gas is sent through the ventilator circuit. In some ventilators, this continuous flow rate may be set by the physician or respiratory therapist, whereas in other ventilators, the continuous flow rate is fixed. A flow sensitivity is selected, and the ventilator senses the patient's inspiratory efforts by detecting a change in flow. When the patient makes an inspiratory effort, some of the gas that was previously flowing continuously through the circuit is diverted to the patient. The ventilator senses the decrease in flow returning through the circuit, and a breath is triggered.

Positive end-expiratory pressure (PEEP)

By maintaining airway (and hence alveolar) pressure greater than zero, PEEP may recruit atelectatic alveoli and prevent their collapse during the succeeding expiration. PEEP also shifts lung water from the alveoli into the perivascular interstitial space and helps with recruitment of alveoli. However, it does not decrease the total amount of extravascular lung water. 

In patients with disorders such as ARDS or acute lung injury, PEEP is applied to recruit atelectatic alveoli, thereby improving oxygenation and allowing a reduction in FiO2 to nontoxic levels (FiO2 <0.6). Applying PEEP of 3-5 cm water to prevent a decrease in functional residual capacity in patients with normal lungs is a common practice. 

PEEP causes an increase in intrathoracic pressure, which may decrease venous return and cardiac output, particularly in patients with hypovolemia.

Ventilatory management of acute respiratory distress syndrome 

The primary objective is to accomplish adequate gas exchange while avoiding excessive inspired oxygen concentrations and alveolar overdistension. 

The traditional ventilatory strategy of delivering high tidal volumes leads to high end-inspiratory alveolar pressures (ie, plateau pressure). 

Many investigators currently believe that repeated cycles of opening and collapsing of inflamed and atelectatic alveoli are detrimental to the lung. Failure to maintain a certain minimum alveolar volume may further accentuate the lung damage. Furthermore, transalveolar pressure (reflected by plateau pressure) exceeding 25-30 cm water is considered to be an important risk factor for stretch injury to the lungs. 

Patients with ARDS should be targeted to receive a tidal volume of 5-6 mL/kg. Importantly, remember that the set tidal volume should be based on ideal rather than actual body weight. If the plateau pressure remains excessive (>30 cm water), further reductions in tidal volume may be necessary. 

Application of PEEP sufficient to raise the tidal volume above the lower inflection point (Pflex) on the pressure-volume curve may minimize alveolar wall stress and improve oxygenation. Normally up to 15 cm water PEEP may be required in ARDS-treatment.

A lung-protective strategy (inverse inhalation-exhalation ratio set) where the PaCO2 is allowed to rise (permissive hypercapnia) may reduce barotrauma and enhance survival. 

In some patients with ARDS, the prone (abdomen) position may lead to significant improvements in oxygenation.

Facilitating patient-ventilator synchrony 

During mechanical ventilation, many patients sometimes experience asynchrony between their own spontaneous respiratory efforts and the pattern of ventilation imposed by the ventilator. This can occur with both controlled and patient-initiated modes of ventilation and leads to severe discomfort and decrease of effectiveness of ventilation . 

Patient-ventilator asynchrony should be minimized, and a variety of ways is available to achieve this. Modern ventilators are equipped with significantly better valve characteristics compared to older-generation ventilators. Flow-triggering (with a continuous flow rate) appears to be more sensitive and more responsive to patient's spontaneous inspiratory efforts. Sometimes pharmacological synchronization may be required (sedatives, opiates, anesthetics, myorelaxants).

Noninvasive ventilatory support 

The application of ventilatory support through a nasal or full face mask in lieu of ETT is being used increasingly for patients with acute or chronic respiratory failure. Those masks usually have special valves which create resistance at exhalation of set rate (normally 5, 10 or 15 cm water). That keeps alveoli open and improves oxygenation. This method is called constant positive airway pressure (CPAP) therapy.

Noninvasive ventilation should be considered in patients with mild-to-moderate acute respiratory failure. The patient should have an intact airway, airway-protective reflexes, and be alert enough to follow commands. 

In clinical trials, noninvasive positive-pressure ventilation (NPPV) has proven to be beneficial in acute exacerbations of COPD and asthma, decompensated CHF with mild-to-moderate pulmonary edema, and pulmonary edema from hypervolemia. Reports conflict regarding its efficacy in acute hypoxemia due to other causes (e.g., pneumonia). A variety of methods and systems are available for delivering noninvasive ventilatory support. 

The benefits of NPPV depend on the underlying cause of respiratory failure. In acute exacerbations of obstructive lung disease, NPPV decreases PaCO2 by unloading the respiratory muscles and supplementing alveolar ventilation. The results of several clinical trials support the use of NPPV in this setting. 

Weaning from mechanical ventilation 

Weaning or liberation from mechanical ventilation is initiated when the underlying process that necessitated ventilatory support has improved. In some patients, such as those recovering from uncomplicated major surgery or a toxic ingestion, withdrawal of ventilator support may be done without weaning. In patients who required more prolonged respiratory therapy, the process of liberating the patient from ventilatory support may take much longer. 

In patients who are not yet ready to be liberated from the ventilator, one should focus on the cause of ventilator dependency, such as excessive secretions, inadequate respiratory drive, impaired cardiac function, and ventilatory muscle weakness, rather than the type of ventilator or the mode of assistance. 

The weaning protocol could be designed with assist-control ventilation, with gradually increasing time spent in trials of spontaneous breathing or by gradually reducing the level of PSV. 

Attention must be directed towards patient comfort, avoidance of fatigue, adequate nutrition, and prevention and treatment of medical complications during the weaning period. 

In brief consequense of ventilatory regimens while weaning regularly looks like this:  controlled → assisted → spontant → extubation.
Monitoring of patients with acute respiratory failure
A patient with respiratory failure requires repeated assessments, which may range from bedside observations to the use of invasive monitoring. 

These patients should be admitted to a facility where close observation can be provided. Most patients who require mechanical ventilation are critically ill; therefore, constant monitoring in a critical care setting is a must. 

Cardiac monitoring, blood pressure, pulse oximetry, SaO2, and capnometry are recommended. An arterial blood gas determination should be obtained 15-20 minutes after the institution of mechanical ventilation. The pulse oximetry readings direct efforts to reduce FiO2 to a value less than 0.6, and the PaCO2 guides adjustments of minute ventilation.

Medication
The pharmacotherapy of cardiogenic pulmonary edema and acute exacerbations of COPD is discussed here. The goals of therapy in cardiogenic pulmonary edema are to lower preload and afterload, while maintaining adequate blood pressure and organ perfusion. These goals may need to be modified for some patients. Diuretics, nitrates, analgetics, and inotropics are used in the treatment of acute pulmonary edema.
Diuretics & Nitrates

Reduce myocardial oxygen demand by lowering preload and afterload. 
Analgetics

Morphine i.v. is an excellent adjunct in the management of acute pulmonary edema. In addition to being both an anxiolytic and an analgesic, its most important effect is venodilation, which reduces preload. Also causes arterial dilatation, which reduces systemic vascular resistance and may increase cardiac output.
Inotropics

In patients with hypotension presenting with CHF dobutamine usually is employed. It increases myocardial contractile ability. That leads to better preload management.
Bronchodilators

These agents are an important component of treatment in respiratory failure caused by obstructive lung disease. These agents act to decrease muscle tone in both small and large airways in the lungs. This category includes beta-adrenergics, methylxanthines, and anticholinergics.
Corticosteroids

Have been shown to be effective anti-inflammatory agents in chronic respiratory conditions with hyperimmune component (asthma, COPD).
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COMAS
Definition

Coma is a clinical syndrome characterized mainly by the decreased or absent consciousness and protective reflexes. This state may complicate many conditions such as:

· Intoxication of any kind (alcohol, drug, heavy metals, hydrocarbons)

· Central nervous system disorders such as severe head trauma, infections of CNS, stroke, epilepsy etc.

· Metabolic disorders such as diabetes decompensation (hypoglycemia, hyperglycemia with or without acidosis)

· Hypoxia of any origin (post-resuscitation disease, shock, severe myocardial infarction, asthmatic state, severe pneumonia, aspiration)

A decrease in consciousness almost always require a doctor's attention. The spectrum of diseases that lead to acute impairment of consciousness is broad. These disorders are potentially life-threatening and require immediate and adequate treatment in ICU.

Differential diagnosis of depressed consciousness

· depressed consciousness with lateralizing signs of brain disease: brain tumor, cerebral hemorrhage, cerebral thrombosis or embolism, concussion, subdural or epidural hemorrhage, brain abscess, hypertensive encephalopathy

· depressed consciousness with signs of meningeal irritation: meningitis, subarachnoidal hemorrhage, leptomeningeal carcinoma or lymphoma

· depressed consciousness without lateralizing signs or meningeal signs: alcohol, barbiturate or opiate intoxication, carbon monoxide poisoning, anoxia, hypoglycemia, diabetic coma, severe uremia, hepatic coma, hypercapnia, nonconvulsive status epilepticus.

Diagnosis of coma

Today the level of consciousness is evaluated with the use of Glasgow Coma Scale which deals with three groups of parameters of central nervous system activity: 
	Eyes open
	Best verbal response
	Best motor response

	Spontaneously (4)

To speech (3)

To pain (2)

None (1)
	Orientated (5)

Confused (4)

Inappropriate words (3)

Incomprehensible sounds (2)

None (1)
	Obeys commands (6)

Localizes pain (5)

Withdraws to pain (4)

Flexion (abnormal) to pain (3)

Extension to pain (2)

None (1)


If the sum of parameters is 15 that means full consciousness, 11 and higher – relatively good survival prognosis, 9 and less – the patient requires trachea intubation and respiratory support, 3 – absolutely negative prognosis for survival.

Bedside evaluation of comatose patient – initial approach

The goal of evaluation is to identify and treat promptly the cause of comatose state. Even if no definitive treatment is available, general and neurologic support are necessary. The proper approach requires:

1. Immediate administration of life support measures (central vein drainage, respiratory and circulatory support if required) 

2. Completion of a general physical examination (arterial and central venous pressure, pulse rate, body temperature, skin and scull bones examination for the signs of trauma, pupils, breath odor, GBA, ABS, blood gases, biochemistry, electrolytes)

3. Performance and interpretation of the neurologic examination including ancillary tests

4. Institution of definitive treatment based on the above observations  

In general medical practice the most common causes of altered mental status are the complications of diabetes mellitus. It is not one disease, but a group of syndromes, all characterized by hyperglycemia due to the absolute (type I) or relative (type II) deficiency of insulin. Such patients are usually given sugar-lowering medicines and comatose state is commonly the consequence of their regimen omission. Each patient in ICU should be blood glucose concentration measured even if mental status is normal and another primary diagnosis is evident.

The most important metabolic complications of diabetes are:

· hypoglycemia 

· diabetic ketoacidosis (DKA)

· hyperosmolar hyperglycemic nonketotic coma (HHNKC)

· lactate acidosis

Hypoglycemic coma

Usually it is insulin overdosage, rarely – fail to eat when taking oral hypoglycemic agents. Blood sugar is less than 3.2 mmol/l.  The patient becomes nervous, agitated

and, when untreated, falls into coma. The skin is cold and covered with large drops of sweat. Sometimes convulsory syndrome can develop. 

TREATMENT. Successful treatment of hypoglycemia is gratifying. A bolus of concentrated glucose solution reverses the coma. If such coma remains untreated with blood sugar less than 2.5 mmol/l brain cortex death may occur in few hours.

Diabetic ketoacidosis

It happens when low insulin level decreases glucose utilization. Catabolic processes are activated to meet energy needs. Adipose tissue becomes the principal source of energy. Some fatty acids are transformed by the liver into ketoacids. Diabetic ketoacidosis is a medical emergency requiring treatment that is not only immediate but also appropriate, thorough and fastidious.

CLINICAL MANIFESTATIONS. Most patients in DKA are lethargic and about 10% are comatose. They have lost large amounts of fluid, their skin, lips and tongue are dry, and their eyes are soft to palpation. Patients have severe hyperglycemia above 15 mmol/l. They have rapid, deep (Kussmaul) respiration and their breath has a sweet unpleasant fruity odor.

Laboratory parameters of this state are: hyperglycemia, acidemia and ketosis (in urine).

TREATMENT. Should be directed at three main problems: fluid, electrolytes and insulin – in that order. Comprehensive recording of vital signs, laboratory data and treatment is essential to follow the response to therapy.

Fluid and electrolyte replacement always takes precedence over insulin therapy. Usually large amounts of normal sodium chloride solution are required (1.5 – 2 l during first hour, then less). Potassium replacement required as well according to the laboratory dynamics. Low concentrations (5 – 10%) glucose solutions with adequate insulin, potassium “quantum satis” and magnesium should be administered cautiously when blood sugar level becomes less than 9 mmol/l in order to prevent hypoglycemia.

Hydrocarbonate replacement required if HCO3- deficiency is high or severe acidosis remains intact while adequate therapy is being carried out.

Insulin therapy of DKA is essential but should be instituted only after fluid and electrolyte resuscitation is underway. Usually it is given intravenously continuously 5 units/hour after 10 units bolus with dynamic correction.

Hyperosmolar hyperglycemic nonketotic coma

Severe hyperglycemia, dehydration and coma frequently occur in older patients with mild or moderate diabetes in the absence of significant acidosis or ketonemia. Relative lack of insulin is the fundamental defect in HHNKC. Patients have sufficient insulin to inhibit ketone body formation but not enough to prevent hyperglucagonemia, glycogenolysis and glyconeogenesis. The resulting hyperglycemia induces an osmotic diuresis with resultant fluid and electrolyte losses. Some degree of renal impairment accompanies all cases of HHNKC. When such patients become hyperglycemic the glucose is neither metabolized nor excreted.

CLINICAL MANIFESTATIONS. The key to diagnosis of HHNKC is the demonstration of hyperglycemia and hyperosmolality without significant ketosis.

Thirst is normally activated by hyperglycemia. Before the patient becomes unconscious extreme thirst is normally experienced.

Hyperglycemia is usually higher than 25 mmol/l.

Serum osmolality in comatose patients usually exceeds 350 mOsm/kg.

Acid-base balance. Most patients in HHNKC are only mildly acidotic. Serum pH is about 7.25 before treatment. Academia most often represents either mild lactic or uremic acidosis.

Renal function. Always impaired in patients with HHNKC. Dehydration induces prerenal azotemia.

Electrolytes. Pathological changes are highly variable from the lack of sodium and potassium to the exceed.

TREATMENT. Fluid and electrolyte replacement and insulin therapy are the main milestones of HHNKC treatment.

Fluid. These patients are without exception profoundly dehydrated. Within the first two hours in ICU 1 or 2 of 0.9% saline should be given even if hypernatriemia is present to expand the extracellular fluid compartment. Actually, half-normal (0.45%) saline solution is  more preferable in such condition if available. The average patient requires 6 to 8 liters of fluid during first 12 hours of treatment. The rate of fluid administration should be adjusted as appropriate to the patient’s clinical status.

Electrolytes. As soon as adequate urine flow has been established and the degree of hypokalemia estimated, potassium supplementation should be added to the intravenous fluids while adequate serum potassium level monitored clinically and in laboratory.

Insulin. Most patients with HHNKC are more sensitive to insulin than the patients with DKA. That’s why starting dose of only 1 to 5 units per hour recommended. If needed the dose of insulin may be increased under the blood sugar level control.

Lactate acidosis

This is pretty seldom but the most severe diabetic condition which complicates serious pre-existing conditions (shock, severe oncology, DIC etc.) in critically or even terminally ill patients. The main cause is the summation of microcirculation disturbances caused by the main disease and the diabetic microangiopathia. Normally severe lactate acidosis is the horrifying sign of approaching lethal outcome. It is poorly treatable.

CLINICAL MANIFESTATIONS. Blood sugar level may be relatively low. The main sign is extremely high lactate level (more than 10 – 15 mmol/l) and metabolic acidosis as a consequence (pH<7.25). Respiration disturbances (tachypnea, dispnea can develop in order to compensate metabolic acidosis.

TREATMENT. Requires syndromatic approach in order to compensate impaired parameters of homeostasis: infusion therapy for microcirculation, hydrocarbonate for pH management, insulin for blood sugar, electrolytes correction. Management of pre-existing condition is a must as well.
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SEPSIS
Sepsis history
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Physicians have known about the existence of sepsis for centuries. The disease was sometimes called "blood poisoning" because invading organisms could often be detected in a patient's blood.

In 1992, the American College of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM) Consensus Committee developed definitions of patients with sepsis and its related disorders. This was the first attempt to create a universal language for diagnosing and treating sepsis.

Representatives from several intensive care societies updated sepsis diagnosis criteria in 2001 to include an expanded list of signs and symptoms.

The problem of sepsis is one of the cornerstones of modern medicine. The mortality rate is remaining the same for the last 70 years (about 20% at sepsis, 50% at severe sepsis and more than 70% at septic shock) regardless of new highly effective methods of treatment and antimicrobic agents appearing daily. 

Identifying sepsis

The signs and symptoms of severe sepsis may be subtle. The unacceptably low survival rate of sepsis indicates that current patient identification strategies may be lacking. 

Aggressive management – including systematic patient identification and screening initiatives – can help ensure early disease recognition and appropriate treatment. Recent developments in understanding and treating sepsis have the potential to significantly improve sepsis survival rates.

Sepsis pathophysiology
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Severe sepsis results from the body's systemic over-response to infection. This over-response disrupts homeostasis through an uncontrolled cascade of inflammation, coagulation, and impaired fibrinolysis. The main target of cytokine “bombing” is the endothelium of microcirculatory vessels. It becomes damaged in all the organs causing multiple organ failure – life-threatening complication.

Deranged microcirculatory function leads to global tissue hypoxia and direct tissue damage. This ultimately results in organ failure, and often, death.

Anti-infectives, resuscitation, and supportive care do not necessarily prevent the progressive organ dysfunction that occurs in many patients. Microcirculatory dysfunction may persist despite adequate global values of oxygen delivery, making resuscitation procedures ineffective. Sepsis is defined as systemic inflammatory response syndrome (SIRS) resulting from infection (bacterial, viral, fungal or parasitic). 

The increasing severity and mortality of sepsis is illustrated by a continuum of events listed below.

Classification 

1. SIRS

2. Sepsis (Proved clinically or laboratory infection + SIRS)

3. Severe sepsis (Sepsis + Multiple organ dysfunction syndrome)

4. Septic shock (Severe Sepsis + Hypotension resistant to adequate fluid resuscitation)

Identifying patients with severe sepsis early and correcting the underlying microvascular dysfunction may improve patient outcomes. If not corrected, microvascular dysfunction can lead to global tissue hypoxia, direct tissue damage, and ultimately, organ failure.

Systemic inflammatory response syndrome (SIRS)
SIRS is a reference for the complex findings that result from a systemic activation of the innate immune response, regardless of cause. SIRS includes the presence of more than one of the following manifestations: 

1. Temperature > 38°C or < 36°C (hypothermia is a poor survival prognosis sign) 

2. Tachycardia > 90 beats/min 

3. Tachypnea, as manifested by a respiratory rate > 20 breaths/min or hyperventilation, as indicated by a PaCO2 < 32 mm Hg

4. Alteration of white blood cell count > 12,000 cells/mm3, < 4,000 cells/mm3 or the presence of > 10% immature neutrophils 

Sepsis
Sepsis is defined by the American College of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM) as SIRS resulting from infection (bacterial, viral, fungal or parasitic).

Severe sepsis

Severe sepsis is sepsis associated with at least one acute organ dysfunction, hypoperfusion, or hypotension.

Septic shock

Septic shock occurs when sepsis-induced hypotension persists despite adequate fluid resuscitation.

Multiple organ dysfunction syndrome (MODS)
MODS is characterized by the presence of altered function of two or more organs in an acutely ill patient, such that homeostasis cannot be maintained without intervention:

Kidneys – 1.5 times elevated plasma creatinine in 3 samples and/or decreased urine output (< 0.5 ml/kg/hr)  

Liver – 1.5 times elevated level of bilirubine and/or transaminases in plasma in 3 samples

Lungs – adult respiratory distress syndrome – ARDS (PaO2/FiO2 < 250, SpO2 < 90% regardless of FiO2; FShunt > 25%; specific X-Ray picture: both-sided, butterfly-like infiltrates)   

Cardiovascular system – hypotension (systolic AP < 90mmHg or mean AP < 70 mmHg for the period of more than 1 hour) resistant to normal regimen of infusion therapy

Brain – altered mental status, encephalopathy (Glasgow Coma Score < 15)

Metabolic acidosis – pH < 7.3, BE > 5.0, lactate – 1.5 times elevation 

Hemostasis  – Tr < 100 000/ml3 or 50% decrease in 3 days
Who is at risk for severe sepsis?

Severe sepsis affects people of all ages, whether they are healthy or chronically ill. But certain patients are predisposed to developing severe sepsis. Screening these at-risk patients is highly recommended to diagnose and treat the condition early.

Patients at risk of developing severe sepsis

Screening of the following at-risk patient types receiving anti-infective therapy and organ support can aid in early diagnosis of severe sepsis: 

- Compromised immune status (HIV/AIDS, use of cytotoxic and immunosuppressive agents, malignant neoplasms, and alcoholism etc.)

- All critically ill patients 

- Severe community-acquired pneumonia (CAP) 

- Intra-abdominal surgery 

- Meningitis 

- Chronic diseases (including diabetes, heart failure, chronic renal failure, and COPD) 

- Urinary tract infection 

Sepsis management

Includes several tactic directions:

1. Quick and full surgical management of infectious locus, even on the peak of inflammatory process, if possible. Only in such case one can count on a good result of the following therapy. 

2. Adequate antibacterial therapy. Because the site of infection and responsible microorganisms are usually not known initially in a patient with sepsis, cultures should be obtained prior to intravenous broad-spectrum antibiotics administration.

3. Inotropic (including full liquid refilling) and breathing support including artificial lung ventilation, if necessary.

4. Nutritive support (energy demand needed to provide necessary level of anabolism for the recovery in septic patient is about 75 – 90 kkal/kg/day while in an intact one it is 30 – 35 kkal/kg/day). Includes enteral, parenteral or combined nutrition consisting of optimal proportion of energetic and plastic substrates, vitamins and microelements.

5. Immunotherapy. Includes various approaches, such as cytokines (IL-2, 1), immunoglobulines (pentaglobin), immunomodulation, vitamins of B-group.

6. Surgical detoxification (hemoperfusion, plasmaexchange, hemodialysis etc.). Removes toxins, pathological metabolites and immune substances. 

7. Multy-organ failure treatment (symptomatic and pathogenetic)

Points 5 and 6 are still widely discussed among scientists, but in our clinic they are succesfully used on a routine basis during last 20 years as well as in many other countries around the globe, such as Japan, Italy, Germany and so on.
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TERMINAL CONDITIONS. CARDIOPULMONARY

RESUSCITATION
Terminal conditions are one of the outcomes of the disease, the worst ones by the way. Representing phasic process of an organism vital signs fading, they are characterized by the general laws of development of sample pathological processes irrespective of the causes. The main initiation factor in development of terminal states is the hypoxia and acidosis which results in distresses of functions of the vital organs, invokes disbolism (catabolism actually), development of an autoinfection and an endointoxication.

Actually the difference between clinical and biological death is the ability of brain cortex to fulfill its function after the resuscitation. It is less tolerable part of human organism towards terminal hypoxemia and acidosis. We have only 5 – 7 minutes to save it in general conditions. Regeneration of vital activity of an organism probably at use of a complex method of resuscitation and a method of an artificial circulation. Regenerations of structurally functional departments of a brain at resuscitation of an organism descends in dependence on fastness of neurones to action of the hypoxic factor (myelencephalon, varoliev the bridge, a diencephalon, a bark). Functions of a bark of the brain big hemispheres are less resistant to a hypoxia and time of conservation of cortex neurones vitality in the season of clinical mors is limited to 3-5 minutes. The main task of reanimation actions is regeneration of intelligence (a high-grade social aftertreatment) of the patient who has transferred a terminal state.

Clinical death

Clinical death is the popular term for cessation of blood circulation and breathing. It occurs when the heart stops beating in a regular rhythm, a condition called cardiac arrest. The term is also sometimes used in resuscitation research. 

The mechanisms of clinical death are:

- asystolia (absence of electrical and mechanical activity of myocardium)

- fibrillation and paroxismal ventricular tachicardia (loss of circulation because of ineffective response to the pathological electrical activity)

- electric-mechanical dissociation (pulseless electrical activity – absence of mechanical response to normal or idioventricular electrical action) 

Stopped blood circulation has historically been difficult to reverse. The absence of blood circulation and vital functions related to blood circulation was considered to be the definition of death. In the middle of the 20th century it became often possible to reverse cardiac arrest through cardiopulmonary resuscitation (CPR), defibrillation, epinephrine injection, and other treatments to restore normal heartbeat and circulation. Instead of death, cardiac arrest came to be called "clinical death", meaning the clinical appearance of death. Clinical death is now seen as a medical condition that precedes death rather than actually being dead.

At the onset of clinical death, consciousness is lost within several seconds. Measurable brain activity stops within 20 to 40 seconds. Irregular gasping may occur during this early time period, and is sometimes mistaken by rescuers as a sign that CPR is not necessary. During clinical death, all tissues and organs in the body steadily accumulate a type of impairment called ischemic injury.

Limits of reversal
Most tissues and organs of the body can survive clinical death for considerable periods. Blood circulation can be stopped in the entire body below the heart for at least 30 minutes, with injury to the spinal cord being a limiting factor. Detached limbs may be successfully reattached after 6 hours of no blood circulation at warm temperatures. Bone, tendon, and skin can survive as long as 8 to 12 hours.

The brain, however, accumulates ischemic injury faster than any other organ. Without special treatment after circulation is restarted, full recovery of the brain after more than 5 minutes of clinical death at normal body temperature is rare. Usually brain damage or later brain death results after longer intervals of clinical death even if the heart is restarted and blood circulation is successfully restored. Brain injury is therefore the limiting factor for recovery from clinical death.

Although loss of function is almost immediate, there is no specific duration of clinical death at which the non-functioning brain clearly dies. The most vulnerable cells in the brain, CA1 neurons of the hippocampus, are fatally injured by as little as 10 minutes without oxygen. However, the injured cells don't actually die until hours after resuscitation. This delayed death can be prevented in vitro by a simple drug treatment even after 20 minutes without oxygen. In other areas of the brain, viable human neurons have been recovered and grown in culture hours after clinical death. Brain failure after clinical death is now known to be due to a complex series of processes that occur after blood circulation is restored, especially processes that interfere with blood circulation during the recovery period. Control of these processes is the subject of ongoing research.

In 1990, the laboratory of resuscitation pioneer Peter Safar discovered that reducing body temperature by three degrees Celsius after restarting blood circulation could double the time window of recovery from clinical death without brain damage from 5 minutes to 10 minutes. This induced hypothermia technique can be used in emergency medicine. The combination of mildly reducing body temperature, reducing blood cell concentration, and increasing blood pressure after resuscitation was found to be especially effective. It allowed recovery of dogs after 12 minutes of clinical death at normal body temperature with practically no brain injury. The addition of a drug treatment protocol has been reported to allow recovery of dogs after 16 minutes of clinical death at normal body temperature with no lasting brain injury. Cooling treatment alone has permitted recovery after 17 minutes of clinical death at normal temperature, but with brain injury. 

Under laboratory conditions at normal body temperature, the longest period of clinical death (complete circulatory arrest) survived with eventual return of brain function is one hour. 
Life support during clinical death
The purpose of cardiopulmonary resuscitation (CPR) during cardiac arrest is ideally reversal of the clinically dead state by restoration of blood circulation and breathing. However there is great variation in the effectiveness of CPR for this purpose. Blood pressure is very low during manual CPR, resulting in only a ten minute average extension of survival. Yet there are cases of patients regaining consciousness during CPR while still in full cardiac arrest. In absence of cerebral function monitoring or frank return to consciousness, the neurological status of patients undergoing CPR is intrinsically uncertain. It is somewhere between the state of clinical death and a normal functioning state.

Patients supported by methods that certainly maintain enough blood circulation and oxygenation for sustaining life during stopped heartbeat and breathing, such as cardiopulmonary bypass, are not customarily considered to be clinically dead. All parts of the body except the heart and lungs continue to function normally. Clinical death occurs only if machines providing sole circulatory support are turned off.

Chain of survival 

Consists of several steps according to the English alphabet as a mnemonic code:

A – airway open

B – breathing support

C – circulation, chest compressions

D – drugs and fluids

E – ECG control

F – fibrillation treatment

G – gauging

H – human mentation restoration

I – insufficiency treatment

First 3 steps must be followed immediately at the place of accident by any trained person, further ones by qualified medical specialists (D, E, F – in any medical facility; G, H, I – in an ICU).

A rapid response is a crucial part of emergency life support. This is called the "chain of survival" and involves:

· early recognition of the emergency and call for an ambulance 

· early CPR - to buy time before paramedics arrive 

· early defibrillation - to restart the heart in case of severe rhythm disturbances
· early post-resuscitation care - early hospital treatment will increase the casualty's chance of recovery 

What to do in an emergency
Stay calm and remember you can only do your best. First, use all your senses to assess the situation and make sure the area is free of hazards, particularly anything that may have caused the injury to the casualty.

If you have had first-aid training, let others know and ask if anyone else has had training too - working together, you have a better chance of offering the best help.

Once you have assessed the situation, you should quickly check the casualty's responses by talking to he/she and then by shaking his/her shoulders gently. 

Cardiopulmonary resuscitation

If the casualty is unconscious and is not breathing normally, it's important to get help. Instruct a bystander, or go yourself, to ask for an ambulance. You will then need to do CPR. The full sequence is:

· open the airway 

· check if breathing normally - if not, send for an ambulance 

· start chest compressions - sequence of 30 chest compressions and two rescue breaths 

Airway open
A casualty can only breathe if his airway is clear. An airway can be blocked when a person is unconscious and, for instance, their tongue falls to the back of their throat. To open a casualty's airway:

· place two fingers under the point of his chin 

· put your other hand on his forehead 

· lift his jaw and tilt his head back slightly 

· remove any obvious debris that might block the airway (but don't spend too much time doing this) 

So-called “triple method of Safar” to provide straight open airway includes:

- tilting the victim’s head (do not over tilt, the position is supposed to be as if one is “scenting the morning air”

- opening the victim’s mouth

- lifting the victim’s mandible

The golden standard of airway clearance is a trachea intubation.

Breathing SUPPORT
Next, check if the casualty is breathing:

· look to see if his chest is moving up and down 

· listen for their breathing by placing your ear next to his mouth 

· feel for the casualty's breath against your cheek 

You need to look, listen and feel for up to 10 seconds before deciding if the casualty is breathing normally. If not you will have to start mechanical lung ventilation: mouth to mouth, mouth to nose, mouth to nose and mouth (in paediatric CPR), with a facial mask, S-shape tube (“life-key”), Ambu-airbag. 

Chest compressions

A casualty who is not breathing normally needs CPR. This involves giving chest compressions:

· move the casualty so he is lying on his back on a firm surface 

· kneel beside the casualty's chest 

· place the heel of your hand on the centre of his chest, in the lower third of the chest bone 

· place your other hand on top and interlock your fingers 

· with your arms straight, press down 4 to 5cm (this is one compression) 

· after each compression, release the pressure on the chest, but keep your hands in contact 

· do the compressions at a rate of about 100 compressions per minute (the compress and release parts take about the same time); you will need to do 30 compressions for one cycle of CPR, so three cycles of CPR should take about a minute 

At the end of the 30 chest compressions, you need to perform two "rescue breaths" to deliver oxygen into the casualty's lungs.

After the two breaths, go straight back to the chest compressions. Repeat the cycle in the ratio of 30 chest compressions to two rescue breaths until:

· qualified help arrives 

· the casualty starts breathing normally 

· you become exhausted 

Doing chest compressions is very tiring - if there is more than one rescuer, you should take turns doing CPR (swap every one to two minutes, or three to six sequences of CPR) to prevent fatigue.

If you are not able, or willing, to breathe into the casualty's mouth, you can just do the chest compressions without a pause for the rescue breaths. This is much better than doing nothing at all. Only stop if the casualty starts breathing normally again. 

Recovery position

If the casualty is breathing but unconscious, it's usually best not to move them, particularly following an incident (such as a road accident) where they may have broken bones, or have a back or neck injury. Otherwise, place the casualty in the recovery position to keep the airway clear and allow fluid to drain from the mouth (normally on the side, facing you).

DRUGS AND FLUIDS

as long as an ambulance arrived or the casualty is already in the medical facility drugs and fluids can be used to support CPR. These are:

Epinephrine  –  used to treat the asystolia. Injected intravenously, endotracheally through the ETT, intraossally (in paediatrics). Normally it takes 1 ml of 0.18% solution every 3-5 minutes.

Atropine – used in terminal bradycardia. The algorithm is 1 ml of 0.1% solution every 5 minutes.

Sodium hydrocarbonate – used to manage lactate acidosis which is caused by hypoxia. Infused as a 4% or 8% solution (≈ 400 and 200 ml accordingly) after 7 minutes of resuscitation.

Amiodarone – used if arrhythmia is present. Normally 450-900 mg injected intravenously prior to EIT.

ECG CONTROL. Electrocardiogram is needed as the control document.

FIBRILLATION TREATMENT 

Automated external defibrillators (AEDs)

A normal healthy heart contracts in response to the electrical activity of special cells in the heart that act like pacemakers. When someone has a heart attack, this electrical activity becomes abnormal and the heart either stops beating (cardiac arrest), or twitches irregularly (ventricular fibrillation, or VF for short). When this happens, the heart is unable to pump oxygen-rich blood around the body. 

Defibrillators treat VF by delivering an electric shock to the chest, and so indirectly to the heart. This can stop the abnormal electrical activity and restart the normal rhythmic heartbeat.

AEDs are defibrillator machines designed to be operated by untrained members of the public. They are sometimes available in public places such as in offices, shopping centres, railway stations and on aeroplanes. AEDs analyse a casualty's heart rhythm through pads connected to the chest area, and deliver an electric shock if VF is detected. They give spoken instructions and are easy for people without advanced training to use.

It's crucial that the defibrillator is used promptly after a heart attack. If the fibrillation is present and there is no AED available right away you can try mechanical defibrillation (precardial punch) and keep doing CPR until defibrillator is available. Basic training in first-aid and life support often includes training on how to use an AED.

GAUGING 

Normally after the successful resuscitation the victim is admitted to ICU for intensive treatment and monitoring. Gauging is the fullest possible monitoring which is needed to evaluate and control the patients vital functions.

HUMAN MENTATION

The main concern after successful CPR is to restore normal brain cortex function. The patient can be unconscious or psychotic due to the hypoxia. Sometimes decortication (stable loss of cortex function) occurs. In order to restore normal mentation one needs to be oxygen supplied and fed sufficiently. Mechanical ventilation and combined (enteral + parenteral) feeding required. Also you have to hibernate the patient’s brain in order to reduce energetical (oxygen) spendings. Anesthetics are given for that purpose (constant iv infusion of low supportive doses normally). Sometimes antihypoxant drugs can give the profit.

INSUFFICIENCY TREATMENT

Other organs and systems suffer from severe hypoxia. Usually the patient is remaining hypotonic in post-resuscitation period. In such situation inotropic support is required (infusion therapy +/- sympathomimetics). Also syndromatic treatment of other organ failures may become needed.

Brain death

Brain death is a legal definition of death that emerged in the 1960s as a response to the ability to resuscitate individuals and mechanically keep the heart and lungs working. In simple terms, brain death is the irreversible end of all brain activity (including involuntary activity necessary to sustain life) due to total necrosis of the cerebral neurons following loss of blood flow and oxygenation. It should not be confused with a persistent vegetative state.

Legal history
Traditionally, both the legal and medical communities determined death through the end of certain bodily functions, especially respiration and heartbeat. With the increasing ability of the medical community to resuscitate people with no heart beat, respiration or other signs of life, the need for a better definition of death became obvious. This need gained greater urgency with the widespread use of life support equipment, which can maintain body functions indefinitely, as well as rising capabilities and demand for organ transplantation.

In the U.S., an ad hoc committee at Harvard Medical School published a pivotal 1968 report to define irreversible coma. The Harvard criteria gradually gained consensus toward what is now known as brain death. In the wake of the 1976 Karen Ann Quinlan controversy, state legislatures moved to accept brain death as an acceptable indication of death. Finally, a presidential commission issued a landmark 1981 report “ Defin​ing Death: Medical, Legal, and Ethical Issues in the Determination of Death” that rejected the "higher brain" approach to death in favor of a "whole brain" definition. This report was the basis for the Uniform Determination of Death Act, which is now the law in almost all fifty states.

Today, both the legal and medical communities use "brain death" as a legal definition of death. Using brain-death criteria, the medical community can declare a person legally dead even if life support equipment keeps the body's metabolic processes working. The first nation to adopt brain death as a legal definition of death was Finland in 1971. In the United States, Kansas enacted a similar law earlier.

Medical criteria
A brain-dead individual has no clinical evidence of brain function upon physical examination. This includes no response to pain and no cranial nerve reflexes. Reflexes include pupillary response (fixed pupils), oculocephalic reflex, corneal reflex, no response to the caloric reflex test and no spontaneous respirations.

It is important to distinguish between brain death and states that may mimic brain death (e.g., barbiturate intoxication, alcohol intoxication, sedative overdose, hypothermia, hypoglycemia, coma or chronic vegetative states). Some comatose patients can recover, and some patients with severe irreversible neurologic dysfunction will nonetheless retain some lower brain functions such as spontaneous respiration, despite the losses of both cortex and brainstem functionality. Thus, anencephaly, in which there is no higher brain present, is generally not considered brain death, though it is certainly an irreversible condition in which it may be appropriate to withdraw life support.

Note that brain electrical activity can stop completely, or drop to such a low level as to be undetectable with most equipment. This includes a flat EEG during deep anaesthesia or cardiac arrest. However, the EEG is not required in the United States, but is considered to have confirmatory value.

The diagnosis of brain death needs to be rigorous to determine whether the condition is irreversible. Legal criteria vary, but it generally requires neurological exams by two independent physicians. The exams must show complete absence of brain function, and may include two isoelectric (flat-line) EEGs 24 hours apart. The widely-adopted Uniform Determination of Death Act in the United States attempts to standardize criteria. The patient should have a normal temperature and be free of drugs that can suppress brain activity if the diagnosis is to be made on EEG criteria.

Alternatively, a radionuclide cerebral blood flow scan that shows complete absence of intracranial blood flow can be used to confirm the diagnosis without performing EEGs.
Organ donation
Most organ donation for organ transplantation is done in the setting of brain death. In some nations (for instance, Belgium, Poland, Portugal and France) everyone is automatically an organ donor, although some jurisdictions (such as Singapore) allow opting out of the system. Elsewhere, consent from family members or next-of-kin is required for organ donation. The non-living donor is kept on ventilator support until the organs have been surgically removed. If a brain-dead individual is not an organ donor, ventilator and drug support is discontinued and cardiac death is allowed to occur.
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GENERAL TOXICOLOGY
The significant health impact of deliberate and accidental poisonings resulting from exposures to thousands of drugs, chemicals, and environmental toxins has led to the development of Medical Toxicology as an important medical specialty. Modern toxicology uses intensive care methods in acute poisonings management that’s why it is studied as the part of the course of intensive care. 

The main concerns of clinical toxicology today are: 

- difficulties in diagnostics. Thousands of new chemical compounds appear daily and the majority of them are potentially toxic for human depending on the dose and exposure time. The progress in diagnostic medical technologies does not match the speed of new toxins synthesis.

- general intensive care approaches versus traditional antidote treatment. There are millions of toxins to date, but only few really effective remedies (such as naloxone, oxygen, ethyl alcohol, flumasenile, atropine etc.). Even if the toxic substance is common and easily recognizable it takes time to math the sample in laboratory. Sometimes this time is sufficient for the casualty to recover or die. That’s why the doctor usually has to start any poisoning treatment with general intensive treatment.
Initial approach to the poisoned patient
The initial approach to the poisoned patient should focus on six major areas: 

1) resuscitation and stabilization; 

2) history and physical examination, including evaluation for a specific toxidrome; 

3) appropriate decontamination of the gastrointestinal tract, skin, and eyes; 

4) judicious use of laboratory tests, electrocardiograms, and radiographic studies; 5) administration of specific antidotes, if indicated; 

6) utilization of enhanced elimination techniques for selected toxins.
Resuscitation and stabilization
The first priorities in the management of seriously poisoned patients are the same as with all critically ill patients. The patency of the airway must be ensured, followed by assistance of breathing and support of circulation. Cardiac monitoring, pulse oximetry, and intravenous access should be established as indicated by the patient’s clinical condition. Airway management should focus on correcting hypoxia and respiratory acidosis and avoiding pulmonary aspiration. Acidemia due to respiratory depression can exacerbate the toxicity of drugs, such as cyclic antidepressants and salicylates. Certain toxic conditions can pose problems in the performance of standard airway management techniques. For example, severe upper airway injury that occurs following a caustic ingestion may preclude routine endotracheal intubation, necessitating surgical management of the airway. 
History and physical examination
Very often it is difficult to find out out what the patient is poisoned with. The history provides critical information in the assessment of the patient with suspected overdose. A history of medications potentially available to a patient or a history of chronic medical illnesses in members of the household gives clues to classes of medications available. Accurate identification of ingestants is particularly important in the patient exposed to agents that have delayed onset of toxic effects, such as acetonitrile, which is metabolized to cyanide, or monoamine oxidase inhibitors. The physical examination gives important clues to both the severity and the cause of poisoning. Vital sign and mental status abnormalities are important signs of the severity of toxicity and may also suggest the class of toxin involved. Examples include the respiratory depression of barbiturate or opiate poisoning and the tachycardia and hypertension of poisoning with sympathomimetic agents. 

Decontamination

“Gastrointestinal decontamination” is a common term in toxicology, but it is not synonymous with “gastric emptying,” with which it is often confused. Such confusion has caused this aspect of patient care to be controversial, when in fact decisions involving the initial management of an overdose patient can be logical and relatively straightforward if the physician has a clear goal in mind – preventing drug absorption in the most effective manner. The typical overdose patient presenting to the emergency department is an adult who has acutely ingested multiple medications in a suicide attempt approximately 3 hours before arrival. Alcohol as a co-ingestant is often involved. The patient is often minimally symptomatic despite the delay in presentation. The history is often inaccurate regarding what was ingested and when, as well as the amounts of medication.

Gastric lavage should be usually performed in overdose patients. As the name implies, gastric lavage is a procedure that is intended to remove material from the stomach. It is not intended to, nor could it, remove drugs from the small bowel, the primary site of drug absorption. Most lavage tubes or systems in common use today use a large-bore hose (adults, 36 – 40 French; pediatrics, 16 – 28 French). Aliquots of about 50 – 250 mL of water are used to repeatedly rinse the stomach until the outcoming water is visually clear. The patient is usually supposed to be in the Trendelenburg position on the left side to prevent aspiration. Most clinicians believe that lavage can be performed safely without prior endotracheal intubation if the patient can adequately protect his or her own airway (conscious) and is monitored carefully and if there is airway equipment and suction on hand if the patient vomits or otherwise rapidly deteriorates. If the patient is unconscious trachea intubation is the must.

Administration of activated charcoal is the primary method of gastrointestinal decontamination, and it should be administered within 1 hour of toxin ingestion whenever possible. Normally it is following the lavage procedure. Usually they give 0,5 – 1 g/kg of activated charcoal powder orally (through the gastric tube prior its removal after stomach washing). Multiple doses of activated charcoal may be beneficial in patients ingesting life-threatening amounts of carbamazepine, dapsone, phenobarbital, quinine, theophylline, and other toxins.

Often 3 – 5 hours after charcoal administration the patient is given laxative to avoid reabsorbtion of poison from charcoal in intestine. Usually they give magnesium sulfate if water soluble poison is supposed to be taken or any of the oil-laxatives if there was fat soluble one.

Limited indications for the use of orogastric lavage, nasogastric suction, and whole-bowel irrigation exist, and these are discussed in Syrup of ipecac is used rarely in the prehospital setting, and virtually never in hospitals. The use of cathartics has never been shown to alter clinical outcome.
Activated charcoal alone
Administering charcoal to the typical overdose patient without gastric emptying has become a common treatment modality. There is significant literature support for this approach. Charcoal has been used for medicinal purposes since antiquity; the first recorded use was by the ancient Egyptians circa 1550 b.c. The first recorded scientific studies of charcoal being used to treat human poisoning were from France, England, and America in the 1800s. Medical use of charcoal has greatly increased since those earliest studies alluded to its effectiveness. Modern activated charcoal is a far more efficient product than that used in initial studies. It is manufactured by the pyrolysis of wood or other carbonaceous material, which is then oxidized at high temperatures using steam, air, carbon dioxide, or oxygen. 

Diagnostic testing
The results of routine toxicology screens seldom add useful information about the toxins involved that has not already been gleaned from the history, and assessment of signs and symptoms. Additionally, the results of screens may be inaccurate. Many toxic agents are not detected on routine screening, while false-positive results are commonly reported. Unlike broad toxicology screens, serum concentrations of specific drugs are useful in guiding management. Other tests, such as serum electrolytes, calculated anion gap, glucose, arterial blood gases, serum creatinine, and liver function tests, can assist in the indirect evaluation of the end-organ effects of a toxin. They may also aid in the diagnosis of specific agents.

Enhanced elimination 

Important methods for enhancing toxin elimination involve manipulations of urine pH, with subsequent increased urinary excretion of certain toxins; and extracorporeal removal via hemodialysis and charcoal hemoperfusion. Urinary alkalinization through parenteral administration of sodium bicarbonate enhances the elimination of weak acids, such as salicylates, phenobarbital, chlorpropamide, chlorophenoxy herbicides, formic acid, and methotrexate. Urinary acidification, previously used for drugs such as phencyclidine and amphetamines, is no longer recommended owing to complications associated with metabolic and urinary acidosis. Ordinary forced diuresis (liquid preload with following saluretic administration) with or without urine alkalinisation is a routine method of treatment in modern toxicology.

Extracorporeal removal of drugs and toxins 

Although very few toxic exposures require, or are effectively treated by, extracorporeal techniques, these techniques are essential modalities that may be lifesaving in the treatment of selected poisoned patients. The extracorporeal techniques most commonly employed for the removal of toxins are hemodialysis and charcoal hemoperfusion, although plasmapheresis and continuous ultrafiltration techniques may also be used. According to the 1998 American Association of  Poison Control Centers (AAPCC) data, extracorporeal procedures were utilized in fewer than 0.05 per cent of cases, with hemodialysis accounting for 93 per cent. Implementation of these invasive techniques requires the 24-hour availability of nephrologists and other critical care specialists, dialysis equipment, specially trained nurse personnell technicians, but in some cases the results may be gratifying.

How to choose the method of detoxication? 

Hemoperfusion through the charcoal and other sorbents is an effective method in toxicogenic stage of severe poisoning until multiple organ failure is developed.  

If acute renal failure is developing as the complication of the poisoning (oliguria, serum creatinine elevation, electrolyte status alteration) kidney supportive techniques are the first choise. They are hemodialysis, hemofiltration, hemodiafiltration. If hepatic failure is present (icterus, serum bilirubine and transaminases elevation, encephalopathia) extracorporeal liver support is indicated. The methods are: plasmaexchange, plasmaperfusion. The techniques can also be combined (e.g. plasmaperfusion + hemodialysis). 

Fluids and electrolytes 

Optimal metabolic and physiologic function requires a consistent fluid volume with a stable composition. Pathologic alterations in fluid or electrolyte concentrations result from changes in absorption, elimination, regulatory mechanisms, or transcellular shifts between fluid compartments. These alterations occur with diseases affecting gastrointestinal, renal, and skeletal functions and exposure to environmental elements, medications, or toxins. In intensive therapy of poisonings forced diuresis is often used, that’s why we have to control fluid and electrolyte balance cautiously. Diuresis, urine specific gravity, hematocryte, central venous pressure and serum electrolytes are supposed to be monitored cautiously. 
So it is evident that modern clinical toxicology differs from traditional antidote-oriented medical discipline. Today it is much closer to an intensive care.
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ATTACHMENTS
A. Normal limits of homeostasis constants in intensive care
General plasma protein: 65 – 85 g/l

Serum potassium: 3,5 –5,5 mmol/l

Serum sodium: 132 – 146 mmol/l

Blood sugar: 3,5 – 5,5 mmol/l

Blood pH: 7,35 – 7,45

PaO2: > 80 mmHg

PaCO2: 35 – 45 mmHg

SpO2: > 90%

Fshunt (arterio-venous lung shunt fraction): 2 – 8%

Arterial blood lactate: 0,5 – 1,5 mmol/l

ABE (actual bases excess): ± 2,3 mmol/l

SBE (standard bases excess): ± 2,3 mmol/l

HCO3- : 21 – 28 mmol/l
Urine output: 1 – 2 ml/kg/hr

Urine specific gravity: 1015 – 1025 g/l

Urine protein, sugar, acetone: negative
Coagulation time (Lee - White): 7 – 11 min.

Activated partial tromboplastine time (APTT): 28 – 43 sec.

International normalized ratio (INR): 0,7 – 1,3

D-dimer: negative (qualitative method), < 0,3 mg/l (quantitative method)
B. Counting the speed of infusion of hemodynamically active substances (65 kg adult patient)

	Dopamine
	1 ml/hr of 4% solution gives 10 mcg/kg/min 
(dose range: 3 – 15 mcg/kg/min)

	Dobutamine
	250 mcg + 5 ml of 0,9% NaCl
1 ml/hr gives 12 mcg/kg/min

(dose range: 2 – 15 mcg/kg/min)

	Norepinephrine
	4 ml of 0,1% solution + 16 ml of 0,9% NaCl

1ml/hr gives 0,05 mcg/kg/min

(dose range: 0,1 – 2 mcg/kg/min)

	Nitroglycerine
	1 ml/hr of 0,1% solution gives 0,25 mcg/kg/min
(dose range: 0,02 – 2 mcg/kg/min)
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