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Water Exchange or Balance: Starling′s Law
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Net filtration = LpS x (∆ hydraulic pressure – ∆ oncotic pressure)

= LpS x [(Pcap – Pif) – s(ncap – nif)]

Water Exchange or Balance: Starling′s Law

Lp = unit permeability of the capillary wall

S = surface area for fluid movement

Pcap & Pif = capillary & interstitial fluid hydraulic pressure

ncap & nif = capillary & interstitial fluid oncotic pressures

S = reflection coefficient of proteins across the capillary wall (0~1)



Water Exchange or Balance: Starling′s Law



Water Exchange or Balance: Capillary Permeability

Liver, spleenKidneys, intestineMuscle, skin, lungs, adipose ts



▶ A palpable swelling from fluid accumulation in body tissues

(interstitial space or cavities of the body) produced by the

expansion of the interstitial fluid volume

▶ Does not include fluid within the bladder or in the

gastrointestinal tract (gut)

▶ May be generalized or localized

Definition: What is Edema?  



▶ Peripheral edema

▶ Edema in 3rd spaces

: Pleural effusion, pericardial effusion, ascites

▶ Pulmonary edema

: Accumulation of fluid in the interstitial air spaces (alveoli)

▶ Anasarca

: Severe, widespread accumulation of fluid in the all of the
tissues and cavities of the body at the same time

Edema Terminology



▶ Pitting edema

: Swelling of a body part where an indentation will persist
after pressure is applied to the area

: Indentation will slowly disappear over time

▶ Non-pitting edema

: Swelling of a body part with no indentation upon pressure

: Lymphedema, pre-tibial myxedema

: Diuretics are generally not effective

Types of Edema



▶ Heart failure

▶ Cirrhosis

▶ Nephrotic syndrome

▶ Capillary leak syndrome

▶ Venous obstruction

▶ Lymphatic obstruction

Generalized edema

Localized edema

Etiologic Mechanisms of Edema Formation  



Evaluation of the Patients with Edema



Pathophysiology of Edema: Two Basic Steps 

Alteration in capillary haemodynamics

: Movement of fluid from intravascular space into interstitium

Retention of dietary or intravenously administered sodium

and water by the kidneys



Neurohormonal Activation in CHF and Edema

Decreased CO in HF

Unloading of high 
pressure baroreceptors



Pathophysiologic Mechanism of Edema in CHF



Renal Sodium Retention in CHF

▶ Cadiac output is reduced, kidney attempts to restore the

effective circulating volume by Na and water retaining

Effective 
Circulatory 
Volume ↓

GFR ↓ RAS activation

Tubular 
reabsorption↑

Na & water retention

In the kidneys



Site and Nature of Edema in Cardiac Diseases 

Heart failure

Left heart failure
: Pulmonary edema

Coronary artery 
disease

Hypertensive heart 
disease

Left and right heart failure
: Pulmonary and 

peripheral
Cardiomyopathy

Right heart failure
: Peripheral edema 

Cor pulmonale



Edema in Chronic Heart failure

↓Cardiac output

Activation of 
sympathetic and 

RAAS system

↑LVEDP : sufficient 
level to produce 

pulmonary edema

▶ Forward hypothesis

: Plasma expansion



Frank Starling Curves in Heart Failure

▶ Increments in plasma volume and LVEDP will augment cardiac

output in cardiac dysfunction



Edema in Chronic Heart Failure
▶ Mild to moderate heart failure

: Well preserved cardiac output with mild renal impairment of
sodium excretory ability

: No edema with dietary sodium restriction !

Normal

↑LVEDP

↑Stroke volume,↑Renal
sodium excretion  

Heart failure

↑LVEDP

Less increment of CO and 
sodium excretion



Edema in Chronic Heart failure

▶ Severe heart failure

: Increasing in LVEDP cannot normalize the stroke volume    

Small increase in 
plasma volume

Large elevation 
in LVEDP

Little change in 
cardiac output



Edema in Acute Heart failure

Myocardial infarction 

or ischemia
↑ LVEDP & LAP 

Pulmonary edema if 
PCWP >18~20mmHg 
(Normal: 5~12mmHg)

▶ Backward hypothesis

: Obstructive effect



Treatment of edema

▶ General principles of therapy

: Reversal of heart disease if possible

: Dietary sodium restriction (to minimize fluid retention)

: Diuretic therapy

▶ Important consideration before diuretic therapy

: When must edema be treated ?

: What are the consequences of the removal of edema fluid?

: How rapidly should edema fluid be removed?



When must edema be treated?

Pulmonary edema Other form of edema

Life threatening No danger to 
patients

Immediate treatment More slowly treated



Consequences of the Removal of Edema Fluid?

Adverse 
effects 

Adverse 
effects AdvantageAdvantage

▶ Despite reduction in the

effective circulating volume,

most patients benefit from

the appropriate use of

diuretics



Estimate Adequacy of Tissue Perfusion

▶ Monitor the blood urea nitrogen and serum creatinine

: Unexplained elevation in the BUN and Cr indicate further fluid

removal should be avoided and that other therapeutic measures

should be attempted such as vasodilators, inotropic therapy

▶ Other symptoms of decline in tissue perfusion

: Weakness, fatigue, postural dizziness, and lethargy and

confusion due to decreased cerebral blood flow



How Rapidly Should Edema Fluid Be Removed?

How diuretics effect?
Intravascular volume↓  Capillary hydraulic pressure↓  Mobilization 

of edema fluid into vascular space

LC & acites

 Fluid can only mobilize via 
peritoneal capillaries 

 300~500 ml/day  

HF, Nephrotic syndrome

 Fluid can mobilize by most 
capillary bed 

 2~3 L/day



Management: Diuretics



Management: Diuretics

▶ Generally start diuretic therapy with furosemide

: Can be switched to torsemide or bumetanide

▶Patients with acute decompated heart failure

: Administer without delay

: IV therapy is preferred

: Diuresis within 30min and peak diuresis at 1~2 hours in 

loop acting diuretics



Dosing of Loop Diuretic

▶ IV bolus furosemide

: 20 to 40 mg or 2.5 X chronic oral dose (initially)

 Doubled at 2hr interval (little or no response)

: Maximal dose 40 to 80mg in normal, 160 to 200mg in renal failure

▶ IV continuous furosemide

: 5mg/hr with relative intact renal function (GFR > 75ml/min)

: Rate up to 20 mg/hr (GFR < 30 ml/min) 



Patients who do not received 
prior loop diuretic therapy

• Usual starting dose
• Furosemide: 20~40mg once 

or twice a day (maximum 
40~80mg)

• Torsemide : 5~10mg 
(maximum 100mg)

• Bumetanide : 0.5~1mg 
(maximum : 10mg)

• Usual starting dose
• Furosemide: 20~40mg once 

or twice a day (maximum 
40~80mg)

• Torsemide : 5~10mg 
(maximum 100mg)

• Bumetanide : 0.5~1mg 
(maximum : 10mg)

Patients who received prior 
loop diuretic therapy

• Oral dose is usually twice the 
intravenous dose

• Oral dose is usually twice the 
intravenous dose

Dosing of Loop Diuretic: Chronic Therapy



Management: Diuretics

▶ Electrolyte imbalance should be monitored

: Paticularly Hypokalemia, Hypomagnesemia

▶ If hypotension or worsening renal function develops before 

adequate diuresis

: Diuresis may be slowed but diuresis should be maintained 

until fluid retension is eliminated 

ACC/AHA guildline (2009 updated) 



Management: Diuretics

Eur J Heart Fail. 2002 Aug;4(4):507-13.



Diuretics: Treatment Failure

▶ Noncompliance

▶ Non-adherence to drug regimen

▶ Non-adherence to sodium restriction

▶ True diuretic resistance

▶ Altered intestinal absorption of loop diuretics

▶ Decreased renal perfusion caused by low volume, arterial ds, or drug use    

(e.g., ACE inhibitors, NSAIDs)

▶ Pharmacokinetic causes related to diuretic half-life

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



Diuretics: Aldosterone Antagonist

▶ Recommendation

: NYHA class II HF and LVEF <30%

: NYHA class III to IV HF and LVEF <35%

: Post-myocardial infarction with an LVEF <40% with either 
symptomatic heart failure or DM

▶ Aldosterone antagonist (spiractone or eplerenone)

: Hyperaldosteronism (contribute to cardiovascular disease, 
diuretics resistance)



Vasopressin V2 receptor Antagonist



Vasopressin V2 receptor Antagonist



Vasopressin V2 receptor Antagonist



V2 receptor Antagonist:  Patient with Improvement



Vasopressin V2 receptor Antagonist



Vasopressin V2 receptor Antagonist



Kim O O (34/M): DOE (NYHA 3)



Kim O O (34/M): DOE (NYHA 3)



Kim O O (34/M): DOE (NYHA 3)



Kim O O (35/M): Edema and Fatigue



Kim O O (35/M): Edema and Fatigue



Take Home Messages

▶ Important pathophysiologic concepts in edema formation

: Effective circulatory volume

: Neurohormonal activation

▶ Other potential causes of edema should be considered

: Non-cardiac or cardiac

▶ Keep in mind the potential benefits and risks of diuretic therapy

▶ Newer promising drugs: vaptans


