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Management of patients with cyanosis
Number of hours: Classroom work - 6:00, independent work - 3:00

Material and methodological support of the theme: table, multimedia presentation, laboratory data and instrumental methods of investigation.

Justification threads. Сyanosis can be caused by many types of injuries or conditions. It may be linked to asthma, COPD, CHF, neoplasms  and many others conditions. 

The purpose of the activity:
· General: The students should be able to describe main links of pathogenesis, clinical features, diagnostic and treatment of cyanosis.
· Specific: Provide a basic overview of the pathophysiology, diagnosis, and classification of cyanosis; evaluate guideline-based management strategies for the treatment of diseases with cyanosis; develop an individualized pharmacotherapy and monitoring plan for the management of diseases with cyanosis, when given specific patient information.
	Specific objectives:

The student should know: 
	Initial level of knowledge - abilities:

The student should be able to: 

	· Describe the cyanosis. 

· Describe the main mechanism of ethiopathogenesis. 

· Describe the main clinical features of diseases with cyanosis.
· List and describe the group of drugs that are used in the treatment of diseases with cyanosis and give specific examples of each.

· Make a treatment plan of patient with diseases with cyanosis
	· analyze the complaints and anamnesis of patients.

· recognize the clinical signs.

· make a plan of examination of patients.

· diagnose the main causative diseases and conditions.

· interpret the data of instrumental and laboratory research techniques;

· differential diagnosis of condition.

· assess the possible complications as well as to evaluate the prognosis of these patients.

· provide medical aid to the patient.

· prescribe drugs, which are used in such patients 

· assess the patient's prognosis 


List of practical skills that students must master:

1. Evaluation of patients with cyanosis.

2. Interpretation of laboratory data that reflect pathology causing diseases with cyanosis.

3. Interpretation of tool data that reflect pathology leads to cyanosis.

4. Working out the scheme of diagnostic plan.

5. Prescribing basic treatment.

Materials for the self-study:

· Improving the interpretation of chest X-ray examination data.

· Improving the interpretation of the results of laboratory studies methods (pleural fluid analysis, complete blood count, acute phase of blood, sputum analysis).

Graphological structure of the topic. 
















Indicative map of the work of students:

a) diagnosis criteria for checking them at the bedside;

b) choice of the most knowledgeable tests, laboratory and instrumental studies (possibly performed by students), confirming the diagnosis;

c) the appointment of treatment; prescribing (knowledge of the mechanism of action of drugs)

d) the choice of method of physical therapy treatment;

d) determining the prognosis and the patient's ability to work;

g) definition of disability;

c) disease prevention.

MANAGEMENT OF PATIENTS WITH CYANOSIS
Introduction

Cyanosis is a bluish discoloration of the skin and mucous membranes resulting from an increased quantity of reduced hemoglobin (deoxyhemoglobin), or of hemoglobin derivatives, in the small blood vessels of those areas.

Becomes apparent when the mean capillary concentration of reduced hemoglobin exceeds approximately 50 g/L (5 g/dL) 

2 types of cyanosis: 

	Central

· Oxygen saturation of arterial blood (SaO2) is reduced or an abnormal hemoglobin derivative is present. 

· Mucous membranes and skin are both affected.
	Peripheral

· Due to a slowing of blood flow and abnormally great extraction of oxygen from normally saturated arterial blood 

Mucous membranes of oral cavity or those beneath the tongue may be spared.


Central cyanosis in patients with congenital heart disease occurs when persistent venous to arterial mixing occurs secondary to a right to left shunt, resulting in chronic hypoxemia. In the presence of hypoxemia, adaptive mechanisms increase oxygen delivery. These include an increase in oxygen content, a rightward shift in the oxyhemoglobin dissociation curve and increase in cardiac output. Oxygen delivery is enhanced at the cost of a higher hematocrit as erythropoietin production is stimulated. 
Cyanosis is caused by right to left intracardiac or extracardiac shunts. In adults, the most common causes of cyanotic congenital heart disease are Eisenmenger syndrome and tetralogy of Fallot.
Acrocyanosis is a painless disorder that affects the arteries supplying blood to the skin of the hands and feet. These small arteries carry oxygen and nutrients through the blood to the skin of the extremities. Spasms in the arteries block blood flow in people with this condition. 
Acrocyanosis is generally a benign condition, but can be indicative of a serious medical illness elsewhere in the body, such as cardiovascular or connective tissue disease. It occurs more frequently in woman than in men. Symptoms include feet that are persistently cold in temperature, blue skin discoloration, sweaty or moist skin, and swelling.

Acrocyanosis is undoubtedly the most commonplace acrosyndrome, both in terms of pathogenesis and prognosis. Patients experience functional impairment and an esthetic prejudice that must not be neglected. Adopting the nosological classifications described for Raynaud's syndrome, primary acrocyanosis must be distinguished from exceptional secondary phenomena that have a radically different clinical course. Primary acrocyanosis is generally observed in a young woman who appears thin or has recently lost weight. No paroxysmal episode (syncope, cyanosis, suspicious event involving the fingers) is found. The physical examination is negative and no complementary explorations are needed. Current pathophysiological hypotheses remain insufficient but suggest that vasospasticity rather than hemorheology is involved. The hypothesis that a thermoregulation disorder could be associated with weight loss deserves further study. Symptomatic care relies on dietary and hygiene counseling, emphasizing the importance of warm clothing. The psychological element must also be considered even in the most common forms.

Mechanism.
Cyanosis  - may be brought about by either: 

· Reduction in the SaO2 in the capillary blood 

· Increase in the quantity of venous blood as the result of dilatation of the venules and venous ends of the capillaries 

· In general, cyanosis becomes apparent when the mean capillary concentration of reduced hemoglobin exceeds 50 g/L (5 g/dL). 

· It is the absolute rather than the relative quantity of reduced hemoglobin that is important in producing cyanosis.

Central cyanosis 

· Results from arterial desaturation 

· Usually evident when arterial saturation is < 85% 

· May not be detected until saturation is 75% in dark-skinned persons

Peripheral cyanosis 

· Occurs with normal SaO2 with increased extraction of oxygen from capillary blood caused by decreased localized blood flow 

Pathophysiology
Central cyanosis is arterial hypoxemia or the presence of abnormal hemoglobin pigments within the circulation. Arterial hypoxemia is generally associated with one of the following: 
Decreased fraction of inspired oxygen, usually associated with upper airway obstructive disorders, restrictive or obstructive lung disease, pleural space disorders, neuromuscular failure, or high altitude. 
Ventilation-perfusion mismatching associated with pulmonary parenchymal diseases
Diffusion impairment associated with a thickening of the alveolar barrier through which oxygen must pass to reach the red blood cell 
Addition of venous blood to the arterial circulation as a result of the presence of intrapulmonary or systemic shunting of blood, as with congenital right-to-left shunting cardiac defects (tetralogy of Fallot, transposition of the great vessels, tricuspid valve stenosis, common atrioventricular canal).
Reversed shunting cardiac defects caused by high pulmonary vascular resistance (e.g., right-to-left shunting PDA, ASD, VSD) also result in cyanosis. Anatomic shunts are distinguished from the other three causes of hypoxemia by the failure to respond to supplemental oxygen. 
Abnormal heme pigments are most often found in the form of methemoglobin. Methemoglobin results from the oxidation of the iron within hemoglobin from the ferrous to the ferric state.
Methemoglobin is unable to bind oxygen for transport to the tissues.
Hypoxia occurs when more than 20-40% of hemoglobin has been oxidized to methemoglobin. 
Methemoglobin normally is removed from the circulation by a reducing enzyme.
Peripheral cyanosis generally is limited to the extremities and is usually the result of increased oxygen extraction from the arterial supply to the area as a result of vasoconstriction, lowered blood flow, obstruction to flow associated with thromboembolism, or stagnation of venous blood within the area.
Differential diagnosis

Cyanosis may be central or peripheral. The age of onset, speed of onset and associated features usually give a guide to the underlying cause.

Central cyanosis in neonates: 
· Transient cyanosis after delivery: central cyanosis should clear within a few minutes of the birth. Peripheral cyanosis (acrocyanosis) clears within a few days. Increased sensitivity of the peripheral circulation to cold temperature may persist well into infancy.

· Cardiac and circulatory causes include:

· Transposition of the great arteries

· Stenosis or atresia of the pulmonary artery or tricuspid valve

· Total anomalous pulmonary venous return

· Persistent fetal circulation

· Respiratory causes include:

· All causes of respiratory distress syndrome

· Birth asphyxia, birth injury or bleed

· Obstruction of the airway, for example in Pierre-Robin syndrome or choanal atresia

· Other causes include seizures and metabolic abnormalities, e.g. hypoglycemia, hypomagnesemia

Central cyanosis in adults (see figure 1 and table 1): 
· Lung disease: any severe respiratory disease, pulmonary edema, pulmonary embolism, decreased PO2 of inspired air (e.g. high altitude), severe pneumonia, chronic obstructive pulmonary disease, acute severe asthma, acute adult respiratory distress syndrome.

· Right to left cardiac shunt: e.g. Eisenmenger syndrome

· Abnormal hemoglobin: methemoglobinemia, sulphemoglobemia. Do not allow adequate oxygen uptake

Polycythemia rubra vera or any other cause of polycythemia may present with central cyanosis. Causes of Peripheral cyanosis: 
· All causes of central cyanosis cause peripheral cyanosis.

· Reduced cardiac output e.g. heart failure, hypovolemia.

· Vasoconstriction e.g. due to cold exposure, Raynaud's phenomenon.

· Arterial obstruction e.g. thrombosis or atheroma.

· Venous obstruction; e.g. iliofemoral deep vein thrombosis can produce a painful blue leg (phlegmasia cerulea dolens).
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Figure1. Differential diagnosis of cyanosis

Presentation 

Symptoms
· Age and nature of onset:

· Cyanosis due to congenital heart disease causing anatomical right to left shunts may have been present from birth or the first few years of life.

· Acute onset of cyanosis may be due to pulmonary emboli, cardiac failure, pneumonia or asthma.

· Patients with COPD develop cyanosis over many years and associated polycythemia may exacerbate the degree of cyanosis.

· The description may be typical of raynaud's phenomenon.

· Associated symptoms:

· Chest pain: cyanosis associated with pleuritic chest pains may be due to pulmonary emboli or pneumonia. Pulmonary edema may cause dull, aching chest tightness.

· Dyspnea: sudden onset of dyspnea can occur with pulmonary emboli, pulmonary edema or asthma.

· Past history: cyanosis can result from any lung disease of sufficient severity. Certain drugs may cause methemoglobinemia (e.g. nitrates, dapsone) or sulphemoglobemia (e.g. metoclopramide).

Signs
· Temperature: pneumonia and pulmonary emboli may be associated with pyrexia.

· Inspection:

· Central cyanosis produces a blue discoloration of the mucous membranes of the lips and tongue as well as the extremities.

· Peripheral cyanosis affects the extremities and the skin around the lips but not the mucous membranes.

· Clubbing may be due to congenital cyanotic heart disease or cystic fibrosis.

· The JVP is elevated with congestive cardiac failure.

Table 1.

Differential diagnosis of cyanosis

	 
	M
	I
	N
	T

	
	Malformation
	Inflammatory Idiopathic
	Neoplasm
	Traumatic Toxication

	Decreased Intake of Oxygen
 


	Foreign body

 

 

 

 
	Acute laryngotracheitis

Chronic bronchitis and emphysema

Asthma

Whooping cough 
	 

 

 
	Pneumoconosis

Lipoid pneumonia

 Drowning

Pneumothorax

Suffocation

	Decreased Absorption of Oxygen
 

 
	 

 

 

 
	Sarcoidosis

Pulmonary fibrosis

Alveolar proteinosis

Emphysema
	Oat cell carcinoma

Metastatic carcinoma

 
	 

 

 

 

	Decreased Perfusion of the Lungs
	Congenital heart disease (Tetralogy of Fallot)
	 
	Hemangioma
	 

	Decreased Oxygen Combining Power of Blood
	 
	
	
	Carbon monoxide

Sulfhemoglobinemia

Methemoglobinemia


· Respiratory examination:

· Poor chest expansion occurs with chronic bronchitis, asthma. Unilateral reduced chest expansion may occur with lobar pneumonia.

· Dullness to percussion occurs over an area of consolidation.

· Localized crepitation may be heard with lobar pneumonia. Crepitation is more widespread with bronchopneumonia and pulmonary edema. Air entry may be poor with COPD and asthma. Bronchial breathing may be auscultated over an area of consolidation, and wheezing may be heard with asthma.

· Heart sounds may be abnormal or added heart murmurs may suggest a cardiac origin.

· Localized features suggesting an etiology of peripheral cyanosis such as edema in venous insufficiency or absent peripheral pulses and ischemia in arterial occlusion.

Investigations
· Oxygen saturation: saturation is usually below 85%

· Arterial blood gases: reduced PaO2 with all severe lung disease

· Full blood count: hemoglobin increased with chronic cyanosis. White-cell count increased in pneumonia and pulmonary embolism.

· ECG: features of myocardial infarction; non-specific ST abnormalities with pulmonary emboli

· Chest x-ray: pneumonia, pulmonary infarction, cardiac failure

· Sputum and blood cultures: pneumonia

· VQ scan or pulmonary angiography: pulmonary embolus

· Echocardiography: cardiac defects

· Hemoglobin spectroscopy: methemoglobinemia, sulphemoglobemia

· Digital subtraction angiography: acute arterial occlusion

· Duplex Doppler or venography: acute venous occlusion

Some medical causes
Arteriosclerotic occlusive disease (chronic).With arteriosclerotic occlusive disease, peripheral cyanosis occurs in the legs whenever they're in a dependent position. Associated signs and symptoms include intermittent claudication and burning pain at rest, paresthesia, pallor, muscle atrophy, weak leg pulses, and impotence. Late signs are leg ulcers and gangrene. 

Blast lung injury. Cyanosis is a serious sign of blast lung injury. The impact of this condition on the lungs of affected individuals varies and may include tearing, contusion, edema, and hemorrhage. Other signs and symptoms may include chest pain, wheezing, hemoptysis, and dyspnea. Treatment for patients with blast lung injury typically involves high-flow oxygen, careful fluid management, possible intubation, and close observation in an intensive care setting. 

Bronchiectasis. Bronchiectasis produces chronic central cyanosis. Its classic sign, however, is a chronic productive cough with copious, foul-smelling, mucopurulent sputum or hemoptysis. Auscultation reveals rhonchi and coarse crackles during inspiration. Other signs and symptoms include dyspnea, recurrent fever and chills, weight loss, malaise, clubbing, and signs of anemia. 

Buerger's disease. With Buerger's disease, exposure to cold initially causes the feet to become cold, cyanotic, and numb; later, they redden, become hot, and tingle. Intermittent claudication of the instep is characteristic; it's aggravated by exercise and smoking and relieved by rest. Associated signs and symptoms include weak peripheral pulses and, in later stages, ulceration, muscle atrophy, and gangrene. 

Chronic obstructive pulmonary disease (COPD).Chronic central cyanosis occurs in advanced stages of COPD and may be aggravated by exertion. Associated signs and symptoms include exertional dyspnea, a productive cough with thick sputum, anorexia, weight loss, pursed-lip breathing, tachypnea, and the use of accessory muscles. Examination reveals wheezing and hyperresonant lung fields. Barrel chest and clubbing are late signs. Tachycardia, diaphoresis, and flushing may also accompany COPD. 

Deep vein thrombosis.With deep vein thrombosis, acute peripheral cyanosis occurs in the affected extremity associated with tenderness, painful movement, edema, warmth, and prominent superficial veins. Homans'sign can also be elicited. 

Heart failure. Acute or chronic cyanosis may occur in patients with heart failure. Typically, it's a late sign and may be central, peripheral, or both. With left-sided heart failure, central cyanosis occurs with tachycardia, fatigue, dyspnea, cold intolerance, orthopnea, a cough, a ventricular or an atrial gallop, bibasilar crackles, and a diffuse apical impulse. With right-sided heart failure, peripheral cyanosis occurs with fatigue, peripheral edema, ascites, jugular vein distention, and hepatomegaly. 

Lung cancer. Lung cancer causes chronic central cyanosis accompanied by a fever, weakness, weight loss, anorexia, dyspnea, chest pain, hemoptysis, and wheezing. Atelectasis causes mediastinal shift, decreased diaphragmatic excursion, asymmetrical chest expansion, a dull percussion note, and diminished breath sounds. 

Peripheral arterial occlusion (acute).Peripheral arterial occlusion produces acute cyanosis of one arm or leg or, occasionally, both legs. The cyanosis is accompanied by sharp or aching pain that worsens when the patient moves. The affected extremity also exhibits paresthesia, weakness, and pale, cool skin. Examination reveals a decreased or an absent pulse and increased capillary refill. 

Pneumonia. With pneumonia, acute central cyanosis is usually preceded by a fever, shaking chills, a cough with purulent sputum, crackles, rhonchi, and pleuritic chest pain that's exacerbated by deep inspiration. Associated signs and symptoms include tachycardia, dyspnea, tachypnea, diminished breath sounds, diaphoresis, myalgia, fatigue, a headache, and anorexia. 

Pneumothorax. A cardinal sign of pneumothorax, acute central cyanosis is accompanied by sharp chest pain that's exacerbated by movement, deep breathing, and coughing; asymmetrical chest wall expansion; and shortness of breath. The patient may also exhibit rapid, shallow respirations; a weak, rapid pulse; pallor; jugular vein distention; anxiety; and the absence of breath sounds over the affected lobe. 

Polycythemia vera. A ruddy complexion that can appear cyanotic is characteristic in polycythemia vera, which is a chronic myeloproliferative disorder. Other findings include hepatosplenomegaly, headache, dizziness, fatigue, aquagenic pruritus, blurred vision, chest pain, intermittent claudication, and coagulation defects. 

Pulmonary edema. With pulmonary edema, acute central cyanosis occurs with dyspnea; orthopnea; frothy, blood-tinged sputum; tachycardia; tachypnea; dependent crackles; a ventricular gallop; cold, clammy skin; hypotension; a weak, thready pulse; and confusion. 

Pulmonary embolism. Acute central cyanosis occurs when a large embolus causes significant obstruction of the pulmonary circulation. Syncope and jugular vein distention may also occur. Other common signs and symptoms include dyspnea, chest pain, tachycardia, a paradoxical pulse, a dry or productive cough with blood-tinged sputum, a low-grade fever, restlessness, anxiety, and diaphoresis. 

Raynaud's disease. With Raynaud's disease, exposure to cold or stress causes the fingers or hands first to blanch and turn cold, then become cyanotic, and finally to redden with a return to a normal temperature. Numbness and tingling may also occur. Raynaud's phenomenon describes the same presentation when associated with other disorders, such as rheumatoid arthritis, scleroderma, or lupus erythematosus. 

Shock. With shock, acute peripheral cyanosis develops in the hands and feet, which may also be cold, clammy, and pale. Other characteristic signs and symptoms include lethargy, confusion, an increased capillary refill time, and a rapid, weak pulse. Tachypnea, hyperpnea, and hypotension may also be present. 

Sleep apnea. When chronic and severe, sleep apnea causes pulmonary hypertension and cor pulmonale (right-sided heart failure), which can produce chronic cyanosis. 

Treatment and considerations
▪ Provide supplemental oxygen to relieve shortness of breath, improve oxygenation, and decrease cyanosis. 

▪ Deliver small doses of oxygen (2 L/minute) in the patient with COPD and in the patient with mild COPD exacerbations. 

▪ For acute situations, a high-flow oxygen rate may be needed initially; in working with a patient who has COPD, remember to be attentive to his respiratory drive and adjust the amount of oxygen accordingly. 

▪ Position the patient comfortably to ease breathing. 

▪ Administer a diuretic, bronchodilator, antibiotic, or cardiac drug as needed. 

▪ Make sure that the patient gets sufficient rest between activities to prevent dyspnea. 

▪ Prepare the patient for such tests as arterial blood gas analysis, complete blood count, and imaging studies and scans to determine the cause of cyanosis. 

Tasks for independent work:

1.
What definition of asthma, COPD, CHF? 

2.
What  etiology of COPD, Asthma?

3.
What  clinical features in patients with cyanosis? 

4.
What  instrumental tests  with results in patients with cyanosis?

5.
 What laboratory  changes in patients with cyanosis in patients lung abscess?

6.
What treatment of asthma, COPD, Bronchoectatic disease?

7.
What  differetial diagnosis of diseases with cyanosis?

Tests

Question 1. A 46-year-old male was hospitalized with complaints of shortness of breath at rest, palpitation, irregular work of heart, weakness. Physical examinations: severe condition, orthopnea, acrocyanosis. RR 28/min. Ps 94 bpm, BP 150/100 mmHg. Cardiac enlargement, the dullness of heart sounds and ventricular gallop. Rales is auscultated in lower lungs. A liver is slightly enlarged. The moderate edema of lower extremities. What revealed symptom is an authentic sigh of congestive heart failure?

*A. Orthopnea

B. Pulmonary rales

C. Tachycardia

D. Cardiac enlargement

E. Ventricular gallop

Question 2. An attack of severe substernal pain developed in a patient at night. On exam: confusion, pallor of the skin, acrocyanosis, cold sweating, BP of 80/50 mmHg, heart rate 120/min, irregular and weak pulse. What kind of condition has developed? 

A. Acute vascular insufficiency

B. Radicular svndrome

C. Acute left-sided heart failure

*D. Cardiogenic shock

E. Acute right-sided heart failure

Question 3. A 65-year-old patient complains of asphyxia, cough with foamy red sputum, air deficiency, death fear. On physical exam: the skin is pale, acrocyanosis, cold sticky perspiration. Harsh breathing, moist small and medium-vesicular rales are in lower and hind parts on both sides. What is the most probable preliminary diagnosis?

A. Thromboembolism of pulmonary artery

*B. Pulmonary edema

C. Embolic pneumonia

D. Asthmatic status

E. Croupous pneumonia

Question 4. A patient with ischemic heart disease and chronic heart failure develops sudden loss of consciousness. On exam: cyanosis, the widened pupils, peripheral pulse and blood pressure are not defined. On ECG: ventricular complexes are absent; instead of them there are waves of different shape and amplitude with irregular rhythm. What is the mechanism of this rhythm disorder development?

A. Sick sinus syndrome

B. Accelerated diastolic depolarization, a disorder in electrolyte balance

C. Disorder of neurohumoral regulatory systems

*D. Multiple microreentry in the ventricles

E. Enhanced automatic activity of the ventricles

Question 5. A 58 y.o. man complained of severe inspiratory dyspnea and expectoration of frothy and blood-tinged sputum. He has been suffering from essential hypertension and ischemic heart disease. On examination: acrocyanosis, "bubbling" breathing, Ps-30/min, BP- 230/130 mm Hg, bilateral rales. Choose medicines for treatment.

A. Cordiamine, isoproterenol

B. Albuterol, atropine, papaverine

*C. Morphine, furosemide, nitroprusside sodium

D. Theophylline, prednisolon 

E. Strophanthine, potassium chloride, plathyphylline
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