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Management of patients with edematous syndrome

Number of hours: Classroom work - 5:00, independent work - 3:00

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

Justification threads. Edematous syndrome can be caused by many types of injuries or conditions. It may be linked to systemic and local diseases. No matter what causes it, edematous syndrome can be very bothersome. 

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

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

The student should be able to: 

	· Describe the edematous syndrome. 

· Describe mechanisms of ethiopathogenesis. 

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

· Make a treatment plan of patient with edematous syndrome
	· 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 edematous syndrome.

2. Interpretation of laboratory data that reflect pathology causing edematous syndrome.

3. Interpretation of tool data that reflect pathology leads to edematous syndrome.

4. Working out the scheme of diagnostic plan.

5. Prescribing basic treatment.

Materials for the self-study:

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

· Improving the interpretation of the results of laboratory studies methods (synovial fluid analysis, complete blood count, acute phase of blood, uric acid, RF, anti-CCP, ANA, ds-DNA, D-dimer, electrolytes).

Graphological structure of the topic. 














Student must know: 
1. What is the definition of edematous syndrome?

2. What are the main causes of edematous syndrome?

3. What are the main pathogenetic links of main types of edematous syndrome?

4. What are the clinical features of systemic edema?

5.  What are the clinical features of localized edema?

6.  What laboratory tests are used in patients with edematous syndrome?
7.  What imaging studies are used in patients with edematous syndrome?
8. What rules of diuretic therapy?
9. What treatment methods of renal edematous syndrome?
10. What treatment methods of cardiac edematous syndrome?
DEFINITION

Edema is increasing the size of one or another part of the body caused by excessive accumulation of interstitial fluid. They may be the result of increased capillary permeability, prevents the outflow of the venous blood or lymphatic system, or accumulation of fluid in tissues as a result of reducing the oncotic pressure in the blood plasma.

Edema of the limbs is a common complaint of patients (four of the most common reasons for medical attention). This is due to the fact that the swelling clearly visible, are regarded as a manifestation of the disease of concern to the cosmetic point of view, especially in women. For these reasons, as soon as the patients notice swelling, they immediately seek medical help. Patients with edema syndrome encountered in clinical practice, doctors of different specialties. Often, the presence of edema is treated as a sign of the patient pathology of the venous system. This is due to a natural fear of the doctor miss venous thrombosis or severe chronic venous failure, which could potentially lead to disability or even death of the patient. Meanwhile, the causes of edema syndrome are very diverse, and incorrect assessment of the clinical situation may lead to serious errors in the treatment strategy. That is why it is important to correct the differential diagnosis of edema. 

CLASSIFICATION

In clinical practice, the distinction is important edema depending on the origin and characteristics of the interstitial fluid in the area of ​​edema.

According to the etiology distinguished:

1. Edema in the nephrotic syndrome, which can cause:

- Glomerulonephritis;

- Renal amyloidosis;

- Diabetic glomerulosclerosis;

- Nephropathy pregnant;

- Lymphocytic leukemia.

2. Edema in the heart failure, which can cause:

- Valvular heart disease;

- Coronary artery disease;

- Hypertension;

- Inflammatory diseases of myocardium and pericardium; 

- Decompensated pulmonary heart.

3. Idiopatic edema.

4. Edema pregnant.

5. Edema in diseases of joints:

- Deforming osteoarthritis;

- Infectious arthritis;

- Reactive arthritis etc.

6. Edema in venous pathology:

- Acute deep vein thrombosis;

- Chronic venous insufficiency (CVI).

7. Lymph edema (lymphedema).

8. Mixed edema.

Of fundamental importance in terms of the morphological and functional significance of edema is their division into high-protein and low-protein. The former include venous and lymphatic edema, to the last one - all the rest. The criterion is the exceeding of a threshold concentration of proteins in the interstitial fluid and 10 g / l. High protein content leads to an increase in oncotic pressure and retention of fluid in the intercellular space. 
ETIOPATHOGENESIS

Edema is an accumulation of fluid in the intercellular tissue that results from an abnormal expansion in interstitial fluid volume. The fluid between the interstitial and intravascular spaces is regulated by the capillary hydrostatic pressure gradient and the oncotic pressure gradient across the capillary.  The accumulation of fluid occurs when local or systemic conditions disrupt this equilibrium (Table 1), leading to increased capillary hydrostatic pressure, increased plasma volume, decreased plasma oncotic pressure (hypoalbuminemia), increased capillary permeability, or lymphatic obstruction.

Table 1 
Systemic and localized causes of edema

	Systemic

	Allergic reaction, urticaria, and angioedema
	Increased capillary permeability

	Cardiac disease
	Increased capillary permeability from systemic venous hypertension; increased plasma volume

	Hepatic disease
	Increased capillary permeability from systemic venous hypertension; decreased plasma oncotic pressure from reduced protein synthesis

	Malabsorption/protein-calorie malnutrition
	Reduced protein synthesis leading to decreased plasma oncotic pressure

	Obstructive sleep apnea
	Pulmonary hypertension resulting in increased capillary hydrostatic pressure

	Pregnancy and premenstrual edema
	Increased plasma volume

	Renal disease
	Increased plasma volume; decreased plasma oncotic pressure from protein loss

	Localized

	Cellulitis
	Increased capillary permeability

	Chronic venous insufficiency
	Increased capillary permeability caused by local venous hypertension

	Compartment syndrome
	Increased capillary permeability caused by local venous hypertension

	Complex regional pain syndrome type 1 (reflex sympathetic dystrophy)
	Neurogenically mediated increased capillary permeability

	Deep venous thrombosis (DVT)
	Increased capillary permeability

	Iliac vein obstruction
	Increased capillary permeability caused by local venous hypertension

	Lipedema
	Accumulation of fluid in adipose tissue

	Lymphedema
	Lymphatic obstruction

	May-Thurner syndrome 
	Increased capillary permeability caused by local venous hypertension from compression


CLINICAL FEATURES

History.  The history should include the timing of the edema, whether it changes with position, and if it is unilateral or bilateral, as well as a medication history and an assessment for systemic diseases (Table 2). Acute swelling of a limb over a period of less than 72 hours is more characteristic of DVT, cellulitis, ruptured popliteal cyst, acute compartment syndrome from trauma, or recent initiation of calcium channel blockers. The chronic accumulation of more generalized edema is due to the onset or exacerbation of chronic systemic conditions, such as congestive heart failure (CHF), renal disease, or hepatic disease. 

Table 2 
Algorithm of differential diagnosis in detecting peripheral edema (compulsory eight questions)

	1. When the swelling first appeared?
	Link with the time factor is particularly valuable in the deep vein thrombosis (acute edema), while in the lymph edema important distinctive clinical feature is the age of the patient. Idiopathic lymphoedema (women meet 9 times more likely than men) usually begin before the age of 40 years; typical for their appearance is the period of menarche, and obstructive lymphoedema almost always occur after 40 years.



	2. Notes Have you pain in the affected limb?


	Acute pain is evidence of thrombophlebitis, inflammatory lymph edema or musculoskeletal disease. The pain should be distinguished from pain to palpation, since, despite the fact that both symptoms are present in all of the above conditions, tenderness and pain in the absence of peace is usually seen when the fat edema - hyperlipidemia.



	3. Reduces swelling during the night?


	Edema in CVI and orthostatic edema decrease in the limb elevated position by night. Common edema may be moved to other parts of the body that depends on the position in the bed (e.g., back) to the patient the illusion that they are reduced; lymph edema when picked limbs decay slowly and often not until the end.



	4. Appears if you have shortness of breath during normal physical activity or adopting a horizontal position?


	An affirmative answer to this question is definitely favors heart disease.



	5. Did you have any infectious diseases or kidney albuminuria?


	The presence of these key anamnesis evidence for edema of renal origin.



	6. Have you had hepatitis or jaundice?


	Patients with chronic liver disease, the severity of which is sufficient for the appearance of edema, usually have one or both of these anamnestic sign. When collecting history you should ask questions about alcohol consumption.



	7. Did they change your appetite, weight and mode of operation of the intestine?
	Changing any of these indicators can alert the physician about the possibility of rare but serious edema associated with violation of receipt or absorption of food.



	8. Do you accept any drugs, tablets or capsules?


	The medicines, promoting fluid retention include: drugs sex hormones, antihypertensive drugs, non-steroidal anti-inflammatory drugs, antidepressants.




Dependent edema caused by venous insufficiency is more likely to improve with elevation and worsen with dependency. Edema associated with decreased plasma oncotic pressure (e.g., malabsorption, liver failure, nephrotic syndrome) does not change with dependency.

Unilateral swelling from compression or compromise of venous or lymphatic drainage can result from DVT, venous insufficiency, venous obstruction by tumor (e.g., tumor obstruction of the iliac vein), lymphatic obstruction (e.g., from a pelvic tumor or lymphoma), or lymphatic destruction (e.g., congenital vs. secondary from a tumor, radiation, or filariasis). Bilateral or generalized swelling suggests a systemic cause, such as CHF (especially right-sided), pulmonary hypertension, chronic renal or hepatic disease (causing hypoalbuminemia), protein-losing enteropathies, or severe malnutrition. 
The history should also include questions about cardiac, renal, thyroid, or hepatic disease. Although considered a diagnosis of exclusion, obstructive sleep apnea has been shown to cause edema. One study evaluated the apnea-hypopnea index in patients with obstructive sleep apnea and found that even when adjusted for age, body mass index, and the presence of hypertension and diabetes mellitus, the index was higher in patients who had edema. 
Physical examination. The physical examination should assess for systemic causes of edema, such as heart failure (e.g., jugular venous distention, crackles), renal disease (e.g., proteinuria, oliguria), hepatic disease (e.g., jaundice, ascites, asterixis). Edema should also be evaluated for pitting, tenderness, and skin changes.

Pitting describes an indentation that remains in the edematous area after pressure is applied. This occurs when fluid in the interstitial space has a low concentration of protein, which is associated with decreased plasma oncotic pressure and disorders caused by increased capillary pressure (e.g., DVT, CHF, iliac vein compression). The physician should describe the location, timing, and extent of the pitting to determine treatment response. Lower extremity examination should focus on the medial malleolus, the bony portion of the tibia, and the dorsum of the foot. Pitting edema also occurs in the early stages of lymphedema because of an influx of protein-rich fluid into the interstitium, before fibrosis of the subcutaneous tissue; therefore, its presence should not exclude the diagnosis of lymphedema. Tenderness to palpation over the edematous area is associated with DVT. Conversely, lymphedema generally does not elicit pain with palpation.

Changes in skin temperature, color, and texture provide clues to the cause of edema. For example, acute DVT and cellulitis may produce increased warmth over the affected area. Because of the deposition of hemosiderin, chronic venous insufficiency is often associated with skin that has a brawny, reddish hue and commonly involves the medial malleolus. As venous insufficiency progresses, it can result in lipodermatosclerosis, which is associated with marked sclerotic and hyperpigmented tissue, and characterized by fibrosis and hemosiderin deposition that can lead to venous ulcers over the medial malleolus. These ulcers may progress to deep, weeping erosions. In the late stages of complex regional pain syndrome, the skin may appear shiny with atrophic changes. In the early stages of lymphedema, the skin has a doughy appearance, whereas in the later stages, it becomes fibrotic and thickened.

DIAGNOSTIC

Screened laboratory examination of patients with peripheral edema in the outpatient setting should include:

1) Urinalysis (to detect proteinuria). With a positive result, the test is performed daily proteinuria to clarify the presence of nephrotic syndrome;

2) serum creatinine is elevated in kidney function;

3) reduced serum albumin at a syndrome of hepatic insufficiency (in parallel with a reduction in prothrombin), nephrotic syndrome (along with the presence of proteinuria).

Instrumental studies to aid in the diagnosis of CVI are Doppler ultrasound (Doppler ultrasound) and ultrasound (US) scanning of lower extremity vessels. If you suspect a Becker’s cyst, it’s necessary to do US of knee. Venous ultrasonography is the imaging modality of choice in the evaluation of suspected DVT. Compression ultrasonography with or without Doppler waveform analysis has a high sensitivity (95%) and specificity (96%) for proximal thrombosis; however, the sensitivity is lower for calf veins (73%). Duplex ultrasonography can also be used to confirm the diagnosis of chronic venous insufficiency.

According to the testimony to clarify the causes of edema outpatient therapist can be assigned:

1) Chest X-ray that can detect changes in the contours of the heart in patients with chronic heart failure, the presence of pleural exudate in severe liver and kidney failure;

2) Electrocardiography, allowing to identify the signs of hypertrophy of the right atrium and right ventricle with pulmonary hypertension;

3) Echocardiography revealed signs of pulmonary hypertension, systolic or diastolic dysfunction in patients with chronic heart failure.

4) Lymphoscintigraphy. Lymph flow cannot be detected with ultrasonography. Therefore, indirect radionuclide lymphoscintigraphy, which shows absent or delayed filling of lymphatic channels, is the method of choice for evaluating lymphedema when the diagnosis cannot be made clinically. 
5) Magnetic resonance imaging. Patients with unilateral lower extremity edema who do not demonstrate a proximal thrombosis on duplex ultrasonography may require additional imaging to diagnose the cause of edema if clinical suspicion for DVT remains high. Magnetic resonance angiography with venography of the lower extremity and pelvis can be used to evaluate for intrinsic or extrinsic pelvic or thigh DVT.  Compression of the left iliac vein by the right iliac artery (May-Thurner syndrome) should be suspected in women between 18 and 30 years of age who present with edema of the left lower extremity. Magnetic resonance imaging may aid in the diagnosis of musculoskeletal etiologies, such as a gastrocnemius tear or popliteal cyst. T1-weighted magnetic resonance lymphangiography can be used to directly visualize the lymphatic channels when lymphedema is suspected. 
DIFFERENTIAL DIAGNOSIS FOR EDEMATOUS SYNDROME
Cardiac edema 

In patients with chronic heart failure are identified heart disease (malformations, atherosclerotic cardiosclerosis, myocardial infarction, cardiac aneurysm, congestive cardiomyopathy, etc.). Determined by the expansion of the boundaries of the heart, hepatomegaly. Often marked arrhythmias, especially atrial fibrillation. Very common signs are: position orthopnea, oliguria, nocturia, congestion in the lungs, swelling of the neck veins. The development of edema, usually preceded by shortness of breath. Swelling grow slowly, usually spread from the bottom up. They are symmetrical, shifted a little. Edema is usually stronger in the evening. They are characterized by dough-like consistency with pressure remains for a long time does not disappear fossa. The skin over the area of ​​edema cold, cyanotic. With long-term existence of edema occur trophic changes in the skin, cracks, dermatitis. In severe cases (anasarca) external swelling combined with ascites, hydrothorax, most - right-side, at least - with hydropericardium.

Edema associated with kidney disease

Hypoonkotic edema can occur when hypoproteinemia (less than 50 g/l). This is of particular importance albumin deficiency (less than 25 g/l), with has a much greater osmotic activity than globulins.

Edema in nephrotic syndrome appear primarily in the areas with the most loose subcutaneous tissue: on the face (especially the eyelids), on the anterior abdominal wall, in the genital area. Shortness of breath is not typical. No swelling, depending on the position of the body. Gradually the edema can reach the degree of anasarca. Often they are accompanied by ascites, rarely - hydrothorax. Oliguria is optional. Characterized by high proteinuria (daily - more than 3 g), hypoproteinemia, dysproteinemia, hyperlipidemia, sometimes - abundance in the urine of casts and renal epithelium. 

Nephritic edema often observed in acute or chronic glomerulonephritis (without nephrotic syndrome), arise in connection with the reduction of sodium filtration charge and increased permeability of the capillary wall. Characterized by rapid development of edema (a few days). Thus they may sometimes appear earlier than changes in urine. Edema expressed moderately localized in areas with the most loose fiber (eyelids, face), stronger - in the morning, quite soft and mobile. The skin over the area of ​​edema warm, pale. Trophic changes are not typical. Often edema combined with oliguria, hypertension. Almost always there is urinary syndrome (mild proteinuria, hematuria, casts). Laboratory signs of nephrotic syndrome are absent.

Edema associated with liver diseases

Edema caused by hypoalbuminemia in liver disease can manifest itself in the advanced stages of severe liver disease (chronic hepatitis, cirrhosis) in patients with severe liver function violation. Most often liver cirrhosis manifest ascites, sometimes combined with hydrothorax.
Edematous syndrome in diseases of the joints

In diseases of the joints edema syndrome has a very specific picture. Unlike all the other options limb edema is local in joint diseases. It appears in the area of ​​the affected joint, not extending distally or proximal direction. Clear demonstration of edema associated with the appearance of other symptoms - pain in the joint, is greatly enhanced by its flexion and extension, limitation of active and passive movements. Many patients say the so-called starting problems - joint stiffness in the morning after a night's rest, after passing 10-20 minutes of movement. Regression of edema occurs as the relief of the inflammatory phenomena, the next episode of acute edematous syndrome reappears. Some patients with knee osteoarthritis have edema of leg. The mechanism of the appearance of the edema associated with compression of the vessels of the medial lymph collector and can lead to severe edema of the subcutaneous tissue in the area of ​​the knee joint.

Pulmonary Hypertension
Pulmonary hypertension commonly results from sleep apnea, is under-recognized as a cause of edema, and can be diagnosed by echocardiography. Other causes of pulmonary hypertension include left heart failure and chronic lung disease. In a study of primary care patients, Blankfield and colleagues obtained echocardiograms on 45 patients with edema. The initial clinical impression was venous insufficiency in 71% of these patients. However, the final impression was pulmonary hypertension (>40 mm Hg) in 20% and "borderline pulmonary hypertension" (31 to 40 mm Hg) in 22%. Only 22% of the patients were found to have venous insufficiency. This study was not designed to determine whether borderline pulmonary hypertension was the primary cause of edema or simply an incidental finding. Treating sleep apnea might improve the leg edema that results from pulmonary hypertension, but this also is unknown. Given these uncertainties, we recommend an echocardiogram in patients who are at risk for pulmonary hypertension and in patients over age 45 with leg edema of unclear etiology. 

Venous Insufficiency
 Venous insufficiency is characterized by chronic pitting edema, often associated with brown hemosiderin skin deposits on the lower legs. The skin changes can progress to dermatitis and ulceration, which usually occur over the medial maleoli. Other common findings include varicose veins and obesity. Most patients are asymptomatic but a sensation of aching or heaviness can occur. The diagnosis is usually made clinically but can be confirmed with a Doppler study. Although chronic venous insufficiency is thought to result from previous deep vein thrombosis, only one third of patients will give that history. "Dependent edema" is a variant of venous insufficiency and often occurs in patients following stroke who sit in wheelchairs for long periods.
Deep Vein Thrombosis
Deep vein thrombosis classically results in an acutely swollen, painful leg that may be discolored. However, the presentation can be more subtle with mild, painless, asymmetric edema. The physical examination is often unreliable and patients with acute edema usually require further evaluation, which may include a D-dimer determination and a Doppler study. Risk factors for deep vein thrombosis include cancer, immobilization (especially following surgery or an injury), and a hypercoagulable state. 

Lymphedema
Primary lymphedema is a rare disorder that is divided into 3 types according to age of presentation. 
Congenital lymphedema may be present at birth or becomes manifest by age 2 years. The familial form of congenital lymphedema is an autosomal dominant disorder known as Milroy disease.

Lymphedema praecox, the most common form of primary lymphedema, has its onset between age 2 and 35 and has a female to male ratio of 10:1. Lymphedema praecox is usually unilateral and is limited to the foot and calf in most patients. The familial form of lymphedema praecox is an autosomal dominant disorder known as Meige disease.

Lymphedema tarda presents after age 35.

Secondary lymphedema is much more common than primary, and the cause is generally apparent from the history. The most common causes of leg lymphedema are tumor (eg, lymphoma, prostate cancer, ovarian cancer), surgery involving lymphatics, radiation therapy, and infection (bacterial infection or filariasis). Chronic lymphedema is usually distinguished from venous edema based on characteristic skin changes, absence of pitting, and history of an inciting cause. The skin becomes thickened and darkened and may develop multiple projections called lymphostatic verrucosis. The dorsum of the foot is prominently involved and may have a squared-off appearance. The examiner is unable to pinch a fold of skin on the dorsal aspect of the base of the second toe (Kaposi-Stemmer sign). However, early lymphedema may be difficult to distinguish from venous edema because pitting is present in both, and the skin changes are absent early in the course. If the distinction between early lymphedema and venous edema cannot be made clinically, lymphoscintigraphy may be indicated. However, the distinction cannot always be made because chronic venous insufficiency can lead to secondary lymphedema with abnormally delayed lymph drainage on lymphoscintigram.

Edema pregnant

In normal pregnancy edema of the ankles in the later stages are quite often. The development of edema pregnant women is associated with impaired water and salt exchange and circulation in the capillaries and precapillaries a result of the changed neuroendocrine regulation. Normally edema pregnant women is found after the 30th week of pregnancy, at least - before. Attention is drawn to a greater increase in body weight (1-2 kg per week, while during normal pregnancy, it is 300-400 g per week). Initially, edema appears on the feet and legs, then climb higher. Even with large edema ascites and hydrothorax were observed. The general condition is satisfactory. Unlike nephropathy pregnant changes of urine and hypertension are absent. Prognosis is generally favorable. 

Drug-induced edema

Several medications can cause or contribute to edema, complicating diagnosis. 

They include: 

• hormones: estrogens, testosterone, corticosteroids, progesterone, and androgens 

• antihypertensives: guanethidine, β-adrenergic blockers, calcium channel blockers, clonidine, hydralazine, methyldopa, minoxidil, reserpine, and labetalol

• nonsteroidal anti-inflammatory drugs (NSAIDs)

 • antidepressants, e.g. trazodone 

• hypoglycemics, e.g. pioglitazone and rosiglitazone 

• cytokines: GM-CSF, G-CSF, Il-4, Il-2, interferon-a 

• chemotherapeutics, e.g. cyclophosphamide, cyclosporine, mitramycin, and cytosine arabinoside 

• antiviral, e.g. acyclovir.
Idiopathic Edema 

Idiopathic edema occurs only in menstruating women and is most common in the 20s and 30s. Synonyms include fluid-retention edema, orthostatic edema, cyclical edema, and periodic edema. However, the symptoms persist throughout the menstrual cycle, and idiopathic edema should be distinguished from premenstrual edema. Idiopathic edema leads to pathologic fluid retention in the upright position, and women typically notice a weight gain of >1.4 kg as the day progresses. However, the weight gain may be as little as 0.7 kg. Patients often complain of face and hand edema in addition to leg swelling. Several confirmatory tests are available, but the diagnosis is usually made clinically after ruling out systemic disease by history and physical examination. Obesity and depression can be associated with this syndrome, and diuretic abuse is common. 

 TREATMENT

Principles of therapy
Treatment of edema consists of reversing the underlying disorder (if possible), restricting dietary sodium to minimize fluid retention, and, usually, employing diuretic therapy. This approach highlights the need to establish a diagnosis and to use nonpharmacologic approaches when appropriate, rather than resorting to the immediate use of diuretics.

Not all patients with edema will require drug treatment; in some patients, sufficient sodium restriction (i.e., less than the amount excreted by the kidneys) and elevation of the lower extremities above the level of the left atrium are effective. However, diuretics are required in most patients in addition to non-pharmacologic treatments, especially continued restriction of salt. The choice of diuretic, route of administration, and dosing regimen will vary based on the underlying disease, its severity, and the urgency of the problem. Knowledge of the pharmacokinetics and pharmacodynamics of the various agents is essential.

Diuretics exert their effects at different sites in the kidneys. Loop diuretics such as furosemide, bumetanide, and torasemide block the sodium-potassium chloride transporter in the ascending loop of Henle, whereas thiazide diuretics block the electroneutral sodium chloride transporter in the distal convoluted tubule. Amiloride and triamterene block apical sodium channels in the cortical collecting tubule. These drugs are highly bound to albumin. All diuretics except spironolactone reach luminal sites of action through the tubular fluid.

After oral administration of furosemide, absorption averages about 50 percent, but may range from 10 to 80 percent. Absorption of bumetanide and torsemide is more complete, ranging from 80 to 100 percent. Thiazide diuretics, such as chlorothiazide and hydrochlorothiazide, may be excreted unchanged in the urine. Other agents, such as bendroflumethiazide and indapamide, are metabolized by the liver. Plasma half-life will determine the frequency of administration. Thiazide diuretics with a long half-life can be administered once or twice daily.

Loop diuretics with shorter half-lives, which range from approximately one hour for bumetanide to three to four hours for torsemide, must be given more frequently than thiazide diuretics. The effect of loop diuretics dissipates rapidly, after which the kidneys immediately begin to reabsorb sodium and nullify the diuretic effect. This process is called post-diuretic sodium chloride retention. If sodium chloride intake is high and the half-life of the diuretic is short (as with a loop diuretic), post-diuretic sodium chloride retention compensates entirely for the sodium loss. Therefore, sodium restriction is important when a patient is taking loop diuretics.

Treatment failure
Diuretic resistance is a failure to create a negative sodium balance despite the use of high dosages of diuretics (e.g., furosemide at a dosage of 240 mg per day). Resistance should be suspected in patients with persistent edema who are receiving appropriate diuretic treatment and restricting physical activity and sodium intake (i.e., less than 2 g per day). 

An understanding of the pharmacokinetics of the various diuretic agents is essential in addressing diuretic resistance. Furosemide administered orally has an erratic absorption pattern; bumetanide may be a better choice because it is absorbed more completely. Adding a diuretic that acts at a different site may help overcome the adaptation of distal convoluted cells to chronic diuretic use. Using short-acting diuretics more frequently or using longer-acting diuretics limits the sodium reabsorption that can occur when the diuretic effect wears off. The patient must be followed carefully for adverse effects such as hypokalemia and hypovolemia. Occasionally it may be necessary to use a continuous intravenous infusion of a loop diuretic. This strategy should be reserved for patients with true refractory resistance who are being treated in an intensive care unit. 

Other potential causes of treatment failure are listed in Table 3. The problem may not be true drug resistance, but a matter of nonadherence to therapy; this becomes a concern in treating older adults who are taking multiple medications and are at risk for urinary incontinence. These patients may limit diuretic use to maintain continence. Diuretic resistance can be aggravated by the concomitant use of NSAIDs, which may negate the diuretic effect. Discontinuing NSAID therapy may correct the resistance.

Table 3
Causes of treatment failure in patients taking loop diuretics
	Noncompliance

	Nonadherence to drug regimen

	Nonadherence to sodium restriction

	True diuretic resistance

	Altered intestinal absorption of loop diuretics

	Decreased renal perfusion caused by low volume, arterial disease, 
or drug use (e.g., ACE inhibitors, NSAIDs)

	Pharmacokinetic causes related to diuretic half-life

	Reduced tubular secretion caused by low volume, kidney disease,
 or drug use

	Tolerance caused by chronic use of loop diuretics


Another potential cause of treatment failure is diuretic tolerance. Short-term tolerance should be considered when there is a decrease in response after the first dose of a diuretic has been taken. Short-term tolerance is thought to be caused by depletion of intravascular volume, with a compensatory response to protect against further fluid loss. Long-term tolerance can occur in patients who are treated with loop diuretics over a long period. The problem is related to a mechanism whereby the distal nephron segments undergo hypertrophy and reabsorb more sodium after prolonged exposure to solutes, thus decreasing overall diuresis. Increasing the dosage of loop diuretics in patients with long-term diuretic tolerance is unlikely to improve diuresis, whereas adding a thiazide diuretic, which acts at a different site, results in a synergistic and brisk diuretic response. The addition of acetazolamide (Diamox), which acts on the proximal tubule, also can be effective when there is decreasing response to other diuretics. 

Cardiac edema 
In patients with moderate to severe congestive heart failure, activation of the renin-angiotensin system results in vasoconstriction in the afferent and efferent renal arterioles. Neurohumoral responses include the release of aldosterone from the adrenal glands; increased sympathetic activity, which causes increased sodium reabsorption in the proximal tubules; and secretion of antidiuretic hormone, which causes increased water reabsorption in the collecting ducts and results in hyponatremia. 

The goals of treatment include symptom relief, improved quality of life, retardation of disease progression, and decreased mortality. Despite their widespread use, diuretics have not been shown to improve survival in patients with congestive heart failure; the exception is spironolactone, which in one study decreased morbidity and mortality rates in patients with New York Heart Association class III and IV heart failure. Diuretics have been used in combination with other agents in all of the other major survival heart failure trials and provide superior symptom relief. Before inducing an increase in urinary output, loop diuretics administered intravenously reduce pulmonary capillary wedge pressure and increase venous capacitance within a few minutes of administration. Loop diuretics are effective as solo agents in the treatment of moderate to severe heart failure. Most patients with heart failure have some degree of renal impairment secondary to intrinsic disease, pre-renal azotemia, or an age-related decline in renal function. To overcome competition from endogenic organic ions at tubular binding sites, loop diuretics typically must be administered at higher dosages in patients with heart failure.

Edema associated with kidney disease 

Nephrotic syndrome is a less common cause of edema and is characterized by marked proteinuria, hypoalbuminemia, hyperlipidemia, and edema. Treatment includes sodium restriction and a combination of loop diuretics, antialdosterone drugs, and other medications to treat the underlying disease process.

Edema associated with liver diseases. Most of the principles of diuretic use and sodium restriction apply in the treatment of ascites and edema associated with cirrhosis. Ascitic fluid should be sampled to determine the cause. Restriction of sodium and water is recommended almost universally.

Grades 2 and 3 ascites occurring in patients with cirrhosis typically require the addition of spironolactone to combat hyperaldosteronism; a typical dosage of 100 to 200 mg given once per day with food generally is effective. Response should be monitored by daily weight measurement. Weight loss should be limited to 0.5 kg (1 lb, 2 oz) per day in patients without peripheral edema and to 1.0 kg per day in patients with edema. If no response occurs to treatment with 100 mg of spironolactone per day, a low-dose loop diuretic can be added. Precipitation of hepatorenal syndrome can occur with overly aggressive diuretic therapy. Side effects of spironolactone include hyperkalemia, metabolic acidosis, and gynecomastia; these effects typically respond to a lowering of the dosage or discontinuation of the drug.

Paracentesis is the treatment of choice in patients with grade 3 ascites and should be complemented by sodium restriction and diuretic therapy. Large-volume paracentesis in a single procedure is recommended even if the volume of fluid removed exceeds 5 L. Paracentesis should be followed by fluid replacement and expansion to prevent renal complications. Volume expansion should include a synthetic plasma substitute or albumin, especially if more than 5 L of fluid is removed. In patients with refractory ascites, the use of a transjugular intrahepatic portosystemic shunt (TIPS) may be considered. In a randomized study, TIPS was superior to large-volume paracentesis in relieving ascites and prolonging survival (58 versus 32 percent of patients were alive at two years). Many patients with ascites and cirrhosis eventually become candidates for hepatic transplantation. In another randomized study23 comparing TIPS with paracentesis and albumin, replacement resulted in greater survival rates at two years without transplantation (59 versus 29 percent).

Chronic venous insufficiency

In patients with chronic venous insufficiency, diuretic therapy should be avoided unless a comorbid condition requires it (e.g., CHF). Mechanical therapies, including leg elevation and compression stockings with 20 to 30 mm Hg for mild edema and 30 to 40 mm Hg for severe edema complicated by ulceration, are recommended. Compression therapy is contraindicated in patients with peripheral arterial disease. A study of 120 patients with venous ulcers showed that 6% had mixed arterial-venous ulcers. In another study, a higher prevalence of peripheral arterial disease was found in women with symptoms of chronic venous insufficiency vs. those without symptoms. Thus, measurement of ankle-brachial index should be considered in patients with risk factors for peripheral arterial disease before prescribing compression therapy.

Mixed evidence exists for the use of pneumatic compression devices in patients with chronic venous insufficiency. However, these devices should be considered for patients in whom compression stockings are contraindicated. For mild to moderate chronic venous insufficiency, oral horse chestnut seed extract may be an alternative or adjunctive treatment to compression therapy. 

Local skin and wound care of venous ulcers is essential in preventing secondary cellulitis and dermatitis. Eczematous (stasis) dermatitis, characterized by dry, inflamed, scaling skin overlying superficial varicose veins, often occurs in patients with chronic venous insufficiency. Treatment includes daily hydration with emollients and short courses of topical steroid creams for severely inflamed skin. 

Deep Vein Thrombosis

Acute thrombotic events are treated with anticoagulation therapy (unfractionated or low-molecular-weight heparin or warfarin to prevent progression of a clot or the development of postthrombotic syndrome. Postthrombotic syndrome is characterized by chronic leg swelling, pain, cramping, and skin changes including telangiectasias, which occur in 20% to 50% of patients within five years of a thrombotic event. In addition to anticoagulation, compression stockings should be used after a DVT to prevent postthrombotic syndrome. In a Cochrane review of two randomized controlled trials comparing elastic compression stockings (20 to 30 mm Hg) with placebo in patients with DVT, those who wore compression stockings had a statistically significant reduction in the risk of developing postthrombotic syndrome (odds ratio = 0.39; 95% confidence interval, 0.20 to 0.76) after two years. A randomized controlled trial of 209 patients with proximal DVT showed that those who received catheter-directed thrombolysis in addition to conservative therapy with compression stockings and anticoagulation had a lower prevalence of postthrombotic syndrome after 24 months compared with conservative therapy alone, suggesting that thrombolysis may be a treatment option for select patients. 

Lymphedema

The mainstay of lymphedema treatment involves complex decongestive physiotherapy, which is composed of manual lymphatic massage and multilayer bandages. The initial goal is to improve fluid resorption until a maximum therapeutic response is reached. The maintenance phase of treatment includes compression stockings at 30 to 40 mm Hg. Pneumatic compression devices have been shown to augment standard therapies. One randomized controlled trial of women with breast cancer–related lymphedema showed statistically significant improvement in lymphatic function following one hour of pneumatic compression therapy. In a study of 155 patients with cancer- and non–cancer-related lymphedema, 95% of patients noted reduction in limb edema after using pneumatic compression devices at home. Surgical debulking or bypass procedures are limited to severe refractory cases. Diuretics do not have a role in the treatment of lymphedema.

Edema pregnant

Drug-induced edema

In patients with suspected medication-induced edema, the offending medication should be discontinued if possible. In patients taking calcium channel blockers to treat hypertension, use of an angiotensin-converting enzyme inhibitor may be more beneficial than angiotensin receptor blocker therapy in reducing calcium channel blocker–induced peripheral edema. 
Idiopathic edema

Spironolactone is considered the drug of choice for idiopathic edema because of the secondary hyperaldosteronism found in patients with this disorder. The starting dose is 50 to 100 mg daily (maximum 100 mg, 4 times daily). If spironolactone is not effective, low doses of a thiazide diuretic (e.g., hydrochlorothiazide, 25 mg daily) can be added with close monitoring of the serum potassium. It is best to avoid loop diuretics. The diuretic should be given in the early evening because fluid retention is most noticeable at the end of the day. Other measures include intermittent recumbency, avoiding environmental heat, low salt diet, avoiding excessive fluid intake, and weight loss for obese patients. It may be helpful to ask about depression, eating disorder, and surreptitious diuretic or laxative use. Compression stockings are usually not helpful and not tolerated. Many patients with idiopathic edema are already taking diuretics when first seen and may have "diuretic-induced edema." Chronic use of diuretics may lead to a state of mild hypovolemia with resulting stimulation of the renin-angiotensin-aldosterone system. When the diuretics are withdrawn, a rebound worsening of edema occurs and patients believe they must continue. However, the treatment of suspected diuretic-induced edema is to withdraw diuretics for 3 to 4 weeks after warning the patient that her edema will probably worsen initially and reassuring her that the diuretic can always be restarted. If the edema does not improve after 4 weeks, spironolactone can be initiated at a dose of 50 to 100 mg daily and increased to a maximum of 100 mg, 4 times daily.

Other causes
There is no treatment for lipedema. Weight loss does not affect this condition. Complex regional pain syndrome is treated with physical therapy in combination with medications such as systemic steroids and tricyclic antidepressants. Obstructive sleep apnea is treated with positive pressure ventilation.
Tasks for independent work:

1. What are modern standarts of diagnostics and treatment of patients with gastric dyspepsia?

2. What is differential diagnosis of different causes of gastric dyspepsia?

3. What are the main pathogenetic links of gastric dyspepsia?

4. What are the main diseases with gastric dyspepsia?

5. What are the clinical features of different diseases with gastric dyspepsia?

6. What laboratory tests are used in patients with gastric dyspepsia?
7. What imaging studies are used in patients with gastric dyspepsia?
8. What treatment methods are used to inflammation in patients with gastric dyspepsia?
Tests

1. Which of the following inhibits the production of gastric acid by the parietal cell?

A. Histamine

B. Acetylcholine

C. Prostaglandins *

D. Gastrin

E. Lipase

2. Which of the following is not a known mechanism of injury induced by H. pylori?

A. Injury to D cells that produce somatostatin, allowing uninhibited gastric acid production

B. Disruption of the function of a mismatch repair gene that, in turn, leads to the development of gastric cancer *

C. Production of a protease that thins the mucous layer, leaving the mucosa more prone to injury

D. Inciting the development of autoantibodies that cross-react with gastric epithelial cells

E. Causing lymphoid tissue aggregation that may develop into MALT (mucosa-associated lymphoid tissue) lymphoma

3. Which of the following clinical scenarios may result in a decrease in the serum concentration of gastrin?

A. Taking an H2-receptor antagonist for 6 months

B. H. pylori infection

C. Chronic atrophic gastritis

D. Administration of secretin to a healthy subject *

E. Administration of secretin to a patient with Zollinger-Ellison syndrome

4. Gastroduodenal manometry is a useful clinical test in which of the situations below?

A. In the evaluation of a patient with scleroderma who has delayed gastric emptying

B. In the evaluation of a patient with suspected rumination syndrome

C. In a patient with unexplained obstructive symptoms (negative small-bowel followthrough) and history of previous abdominal operations *

D. In the evaluation of a patient with severe upper gastrointestinal tract symptoms when all other tests are entirely normal

E. In the evaluation of a patient with amyloidosis who has delayed gastric emptying

5. Which of the following statements about gastric motility is true?

A. Solids are emptied from the stomach after an initial lag phase, followed by a linear emptying phase *

B. Liquids are emptied from the stomach without a lag phase, in a linear manner

C. Delayed gastric emptying is the principal cause of symptoms in functional dyspepsia

D. During phase III of the migrating motor complex, gastric contraction waves occur at a maximum of 3 cycles per second

E. Indigestible solids are emptied from the stomach via the migrating motor complex when they are smaller than 3 cm in diameter
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