Fluid Management 

Physiologic changes during surgery and anesthesia lead to shifts in fluid balance. Epidural, spinal, and caudal anesthesia all may cause variable amounts of sympathetic blockade.  Significant third space loss may occur, which essentially involves fluid that is still in the body, but not contributing to intravascular volume, oxygen delivery, or waste removal; this is often difficult to measure. Patients undergoing major surgical procedures require fluid replacement beyond simple blood loss, and the anesthesiologist plays a vital role in assessing and ultimately administering appropriate fluid therapy in intraoperative and postoperative clinical settings. 

CRYSTALLOIDS AND COLLOIDS 

Intravascular Volume Assessment and Fluid Replacement 

Total body water is approximately 60 % of body weight in males and 55 % of body weight in females. (40% is intracellular and 20 % is extracellular). Intravascular volume or plasma volume is 1/4th of extracellular fluid volume. Estimated total blood volume in a 70-kg patient is approximately 4900 cc (70 Kgx70cc/Kg). 

I. Goals of Fluid Resuscitation 

The primary objective of perioperative fluid management is maintenance of adequate tissue perfusion. In a simple term, DO2 = CaO2 x CO x 10 

Where, DO2 is (delivery of oxygen), CaO2 (total oxygen content in blood) and CO (cardiac output) 

Normally, DO2 is regulated by local and systemic factors with changes in vascular tone in response to changes in regional and systemic oxygen consumption (VO2). In normal situations, VO2 becomes DO2-dependent when DO2 is reduced to critical levels, <330 ml O2/min/m2. This is when oxygen extraction reaches a maximum. Further reductions in DO2 result in a reduction in VO2. 

In certain conditions such as ARDS, sepsis, and severe burns, VO2 will be dependent on DO2 at levels that are higher than the normal DO2. In these high-risk patients, survival has been shown to be associated with supernormal DO2, >600 ml O2/min/m2. Studies suggest that treatment of the components of DO2 may improve survival. 

CaO2 = (Hb x SaO2 x 1.34) + (0.003 x PaO2)] 

DO2 = Cardiac Index x CaO2 x 10 

Adequacy of Perfusion can be assessed by clinically and laboratory investigations:

Mental status changes

Poor Capillary refill

Skin color

Skin Temperature

Fast pulse rate

Low Urine Output

Low urinary sodium level

Acid-base status (Metabolic acidosis or alkalosis)

High Serum Lactate Levels

High Oxygen consumption

Low Mixed Venous Oxygen Saturation

In approaching the surgical patient who exhibits signs of low perfusion, such as oliguria or hypotension and tachycardia, the most common etiology is insufficient intravascular volume. 

II. Assessment of crystalloid requirement 

A. Determining Preoperative Fluid Deficits

Intra operative maintenance fluid requirement can be assessed by maintenance fluid requirements per hour in ml and is always replaced by isotonic saline solution

      From : 1-10 Kg  4 ml/Kg /hr

          From : 11-20 Kg  2 ml/Kg/hr

More than  20 add  1 ml/Kg/hr

B. Determination of intra op losses 

Usual Intra-operative Fluid requirement in addition to maintenance fluids for minor to major procedures

Minimal Trauma 4 ml/kg/hr

Moderate Trauma 6 ml/kg/hr

Severe Trauma 8 ml/kg/hr

Example: A 70-kg patient, NPO for 6 hours, undergoing one-hour hernia repair. 

Deficit = 40 cc/hr for 1st 10 kg BW + 20 cc/hr for 2nd 10 kg BW and 50 cc/hr for rest of 50 kg =110 cc/hr 

6 hours of NPO X 110 cc/hr = 660 pre-op deficit 

Intra-op losses = 4 cc/kg/hr X 70 kg X 1 hr = 280 cc plus blood loss 

C .To understand the distribution of crystalloid infused intravenously it is important to have good knowledge of distribution of water in normal individuals. Normal serum sodium and albumin concentration plays an important role in the distribution of water between intracellular and extracellular space. 

III. CHOICE OF FLUID

A. Isotonic Crystalloid

Normal Saline (0.9%) (Na 154 meq/L, Cl 154 meq/L, osmolality 308 mosms/L) 

Lactate Ringer's (Hartman's solution) (Na 130 meq/L, Cl 109 meq/L,  K 4 meq/L, Lactate 28 meq/L, Ca 3 meq/L, osmolality 273 mosms/L) 

B. Isotonic Colloid 

5% Albumin (Na 145 meq/L and Cl 145 meq/L) 

25% Albumin (Na 145 meq/L and Cl 145 meq/L) 

6% Hetastarch (Na 154 meq/L and Cl 154 meq/L) (hydroxyethyl starch, Hespan) 

C. Hypertonic Saline and hypertonic solutions with colloids

Hypertonic Solutions( 3% and 7.5% NaCl ) has been extensively investigated in humans. These solutions are inexpensive, are known to promote urine flow, improve microvascular blood flow, improve cardiac output and Blood pressure in hemorrhage patients following trauma but they rapidly decline after discontinuation of therapy. Hypertonic solutions restore  regional cerebral blood flow and reduce brain water contents as compared to isotonic and 

hypotonic solutions. 

FAQ

Describe the dynamics of fluid distribution between the intravascular and interstitial compartments?

	
	


	
	


	The intravascular and interstitial fluid spaces compose the extracellular fluid and are in dynamic equilibrium, governed by hydrostatic and oncotic forces. Under normal circumstances, the capillary hydrostatic pressure produces an outward movement of fluid while the capillary oncotic pressure results in reabsorption. The sum of the forces leads to an egress of fluids from arterioles; about 90% of the fluid returns into the venules. The remainder of the fluid is subsequently returned to the circulation via the lymphatic system

	How are body water and tonicity regulated?
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	Antidiuretic hormone (ADH) is a primary mechanism; it circulates unbound in plasma, has a half-life of roughly 20 minutes, and increases production of cyclic adenosine monophosphate in the distal collecting tubules of the kidney. Tubular permeability to water increases, resulting in conservation of water and sodium and production of concentrated urine. Stimuli for the release of ADH include the following: 

1. Hypothalamic osmoreceptors have an osmotic threshold of about 289 mOsm/kg. Above this level, ADH release is stimulated. 

2. Hypothalamic thirst center neurons regulate conscious desire for water, and are activated by an increase in plasma sodium of 2 mEq/L, an increase in plasma osmolality of 4 mOsm/L, and loss of potassium from thirst center neurons and angiotensin II. 

3. Aortic baroreceptors and left atrial stretch receptors respond to volume depletion and stimulate hypothalamic neurons. 

 Discuss the synthesis of ADH?
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ADH, or vasopressin, is synthesized in the supraoptic and paraventricular nuclei of the hypothalamus. It is transported attached to carrier proteins down the pituitary stalk in secretory granules into the posterior pituitary gland (neurohypophysis). There it is stored and released into the capillaries of the neurohypophysis in response to stimuli from the hypothalamus. ADH-producing neurons receive efferent innervation from osmoreceptors and baroreceptors

 List conditions that stimulate and inhibit release of ADH?

conditions that stimulate and inhibit release of ADH

 

Stimulates ADH Release
Inhibits ADH Release
Normal physiologic states

Hyperosmolality

Hypo-osmolality

 

Hypovolemia

Hypervolemia

 

Upright position

Supine position

 

β-Adrenergic stimulation

α-Adrenergic stimulation

 

Pain and emotional stress

 

 

Cholinergic stimulation

 

Abnormal physiologic states

Hemorrhagic shock

Excess water intake

 

Hyperthermia

Hypothermia

 

Increased intracranial pressure

 

 

Positive airway pressure

 

Medications

Morphine

Ethanol

 

Nicotine

Atropine

 

Barbiturates

Phenytoin

 

Tricyclic antidepressants

Glucocorticoids

 

Chlorpropamide

Chlorpromazine

Results

Oliguria, concentrated urine

Polyuria, dilute urine



	Discuss issues associated with estimating volume status in outpatients?
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	For most outpatients, the period of fasting would provide a rough estimate of volume deficit. A patient's hourly metabolic requirement is roughly 4 mL/kg for the first 10 kg, 2 mL/kg for the second 10 kg, and 1 mL/kg for the remainder of their weight. The actual deficit may be less than calculated due to renal conservation of fluids. Factors that may result in volume depletion include chronic hypertension, diuretic use, diabetes mellitus, alcohol ingestion, bowel preps (2-4 L may be lost), etc. 

	 Discuss estimating volume status in acutely ill patients?
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	Acutely ill patients are often hypovolemic due to bleeding, peritonitis, pancreatitis, sepsis, gastrointestinal losses, traumatic injury, inadequate fluid replacement, etc. 


	Physical findings suggesting inadequate intravascular fluid include dry mucous membranes, loss of skin turgor, capillary refill greater than 2 seconds, postural hypotension, tachycardia, and oliguria (less than 0.5 mL/h in adults, less than 1 mL/h in children). If present, central venous or (rarely) pulmonary artery catheters may assist in the diagnosis of hypovolemia. 


	Useful laboratory values in the assessment of volume status include hemoglobin, hematocrit, electrolytes, blood urea nitrogen (BUN), creatinine, proteins, as well as urine osmolality, specific gravity, and sodium concentration. 
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	 Are there distinct advantages to using colloids to resuscitate a patient?
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	Colloid advocates claim that because these solutions have an intravascular space half-life of 3-6 hours (much greater than crystalloids), they are superior resuscitation fluids. There may be some benefit to using them in profoundly hypovolemic patients, but often these patients require blood transfusions. Colloids are more expensive than crystalloids and when compared to crystalloids in a controlled fashion, have not been shown to improve outcomes. Though only a third  of a liter of crystalloid remains in the intravascular space, if given in sufficient quantities (replacing losses 3 to 1), crystalloids are excellent resuscitation fluids. It should be noted that dehydrated patients suffer from fluid losses in both intracellular and extracellular compartments and crystalloids will replete both compartments. 
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	What colloidal solutions are available?
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	COMMONLY ADMINISTERED COLLOIDS


	Colloid
	Benefits and Risks

	Albumin (5% or 25%)
	Expensive; allergic reactions; question its use where there is a loss of alveolar integrity



	Hetastarch
	Currently constituted in either NS or RL; administer less than 20 mL/kg to avoid antiplatelet effects; renally excreted; increases serum amylase



	Dextran (40 or 70)
	Anaphylactic reactions; interferes with platelet function and crossmatching; increases hepatic transaminases

	 What is the normal range for serum osmolality?




HYPERLINK "javascript:showData('AnswerHC004025','none');showData('HideClickHC004025','none');showData('ShowClickHC004025','');"

Different sources quote different ranges, but, in general, normal serum osmolality ranges between 285 and 305 mOsm/L. A quick rough estimate is to double the sodium concentration. A more accurate estimate of osmolality can be obtained using the following equation: 2 × [Na+] + [Glucose]/18 + BUN/2.8, where the values in the brackets are the concentrations of the substances (sodium in mEq/L, glucose and BUN in g/L). 

How do you estimate fluid loss during a surgical procedure?
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This is an inexact process. Gather as much information as you can. Estimating the volume found in suction canisters and subtracting whatever volume has been used for irritation can assess blood loss. Surgical sponges can be weighed; a large laparotomy sponge can hold more than 100 mL of blood. Blood loss can also be occult, soaking into surgical drapes or running down on to the floor. Measure gastric aspirate. Significant peritoneal fluid collections may require replacement. Especially in intra-abdominal procedures, insensible losses should be taken into consideration. For moderate surgical trauma (e.g., open cholecystectomy), estimate about 4 mL/kg/h; for more extensive procedures, such as enteral resections, estimate 6-8 ml/kg/h; and for major vascular resections (e.g., abdominal aortic aneurysms), estimate 10-20 ml/kg/h. 

 What is meant by third-space losses? What are the effects of such losses?
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In certain clinical conditions, such as major intra-abdominal operations, hemorrhagic shock, burns, and sepsis, patients develop fluid requirements that are not explained by externally measurable losses. Losses are internal, a temporary sequestration of intravascular fluid into a functionless "third space," which may not readily participate in the dynamic fluid exchanges at the microcirculatory level. The volume of this internal loss is proportional to the degree of injury, and its composition is similar to plasma or interstitial fluid. The creation of the third space necessitates further fluid infusions to maintain intravascular volume, adequate cardiac output, and perfusion, and third space fluids will persist until the patient's primary problem has resolved. 

Is blood pressure a good sign of hypovolemia?
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Blood pressure is not significantly affected until approximately 30% of blood volume is lost. Early compensatory mechanisms, including peripheral vasoconstriction and tachycardia, may mask significant volume loss. 
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What clinical findings support a diagnosis of hypervolemia?
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The patient may have rales upon lung auscultation, frothy secretions in the endotracheal tube, edematous mucous membranes and conjunctiva (though edematous conjunctiva by itself is not enough to make the diagnosis, especially when the patient has been prone), polyuria, and peripheral edema. Like hypovolemia, hypervolemia is best diagnosed when a constellation of findings, and not just a single finding, is present. 

You have concerns that an edematous patient may develop an obstructed airway from edema after extubation. Can any test assist your decision making?
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If the patient otherwise meets extubation criteria and is spontaneously breathing, disconnect the endotracheal tube (ET) from the ventilator circuit, occlude the tube lumen, deflate the ET cuff, and assess whether air movement around the tube is adequate. Failure to breathe around the deflated tube suggests intubation may not be wise. Even if air flows around the deflated cuff, if the patient was a difficult intubation, it may be best to leave the patient intubated, elevate the patient's head, and reassess at a later time. 

References 

TRANSFUSION THERAPY
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1. What is the average human blood volume?
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The estimated total blood volume (EBV) of an average adult male is about 75 mL/kg and that of the average female about 65 mL/kg. In a 70-kg man, of the approximate 5-L blood volume, 3 L is plasma and 2 L is red cells. 
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2. What are the physiologic adaptations to acute normovolemic anemia?
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During surgery, acute blood loss is usually replaced with crystalloid solutions, resulting in acute normovolemic hemodilution. Compensatory changes include tachycardia, increased cardiac output, redistribution of blood to the tissues that are oxygen supply dependent (e.g., heart and brain), and increased oxygen extraction. 
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3. What is an acceptable minimum preoperative hematocrit?
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There are numerous reports of severe anemia being well tolerated in surgical patients. Elective surgery has been successfully performed with preoperative hemoglobin as low as 6 gm/dL. Patients with chronic renal failure have had successful outcomes despite significant levels of anemia. Patients refusing blood products for religious reasons have tolerated profound decreases in hemoglobin concentration. 

Emphasis should be placed on considering whether patients have sufficient oxygen-carrying capacity to meet their metabolic demands. Factors that are important in this consideration include the patient's age, general health, coexisting (particularly cardiopulmonary) disease, the setting (e.g., is the patient septic, having acute organ dysfunction, or acutely hemorrhaging), and predictions of expected or ongoing blood losses. 

Although the following recommendations are insufficiently supported by strong clinical evidence, they provide rough guidelines. In the absence of cardiovascular instability and without substantial ongoing bloodloss, perioperative transfusion should be considered at these hematocrit values: 

· Healthy patients: 18-21% 

· Patients with well-compensated systemic disease: 24% 

· Patients with symptomatic cardiac or cerebrovascular disease: 30% 
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4. How is blood loss estimated?
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Estimating blood loss is challenging. Measure blood suctioned into canisters and estimate loss into surgical sponges and drapes. Blood loss may be occult; blood may be hidden in surgical drapes or in body cavities behind surgical packing. Large hematomas and femur fractures, for example, may have large inapparent blood losses. When blood loss is vigorous and ongoing, serial hematocrits are necessary. 
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6. For what infectious agents is donor blood screened?
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Blood is tested for the following infectious disease markers: 

· Syphilis 

· Viral hepatitis: Antibody to hepatitis B core antigen; hepatitis C antibody 

· Human immunodeficiency virus (HIV) retrovirus: Aantibodies to HIV: anti-HIV-1, anti-HIV-2, and HIV antigen p24 

· Human T cell lymphotropic virus type I/II: Antibody to HTLV I and II 
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7. What types of red cell products are available?
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· Red blood cells: Indicated for increasing oxygen-carrying capacity and volume expansion during significant hemorrhage. A unit with citrate, phosphate, dextrose-adenine (CPDA-1) anticoagulant has a volume of 300-350 mL with a hematocrit of about 70%. Additives may reduce the hematocrit to 60%. 

· Red blood cells deglycerolized: Rare blood types may be frozen for prolonged storage. 

· Leukocyte-reduced red blood cells: For patients with previous febrile transfusion reactions. 

· Washed red blood cells: Useful in patients who have had severe transfusion reactions. 

· Whole blood: Rarely used because component therapy is the best practice and conserves a precious resource. 
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8. What is the usual survival time for stored red blood cells? What is a storage lesion?
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Whole blood or red cells may be stored for 35 days when preserved with CPDA-1 and for 42 days when AS-1 (Adsol) or AS-3 (Nutrice) is added. 

Changes in stored blood that reduce post-transfusion viability include reduction in red cell deformability, altered red cell adhesiveness, and reduction in 2,3-diphosphoglycerate and adenosine triphosphate (ATP). Proinflammatory cytokines also accumulate. These "storage lesions" may alter immune function, render the patient prone to infection, and influence mortality and morbidity. In fact, there are concerns that administering blood may not increase tissue oxygen availability! This is particularly true of blood units nearing their expiration dates. At the current level of knowledge, it may be premature to declare banked blood under current storage recommendations unsafe, but it reinforces the concept that the risks and benefits of every transfused unit should be considered before transfusion is initiated. 
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9. How much will a unit of red blood cells increase hematocrit? What intravenous solutions are acceptable and unacceptable during transfusion?
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One unit of blood will increase the hematocrit by 3%. To dilute blood, the recommended practice is to use normal saline. Saline dilution will facilitate infusion and minimize hemolysis. Hypotonic solutions and calcium-containing solutions should be avoided to prevent hemolysis and clot formation, respectively. 

A standard blood administration set with a pore size of 170 μm is recommended. Because surgical patients are prone to hypothermia, the best practice is to warm all blood units administered intraoperatively. Warming is absolutely essential when patients have cold agglutinins. 
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10. What are some of the complications of massive blood transfusion?
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Massive transfusion is defined as the administration of more than one blood volume within several hours. Complications include: 

· Coagulopathy secondary to dilutional thrombocytopenia, lack of labile coagulation factors V and VIII, and disseminated intravascular coagulation 

· Metabolic disturbances associated with banked blood, including hyperkalemia, hypocalcemia (citrate toxicity), acidosis, and impaired oxygen delivery due reduced 2,3-diphosphoglycerate 

· Hypothermia 
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11. Review the types of transfusion reactions and their causes?
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· Hemolytic transfusion reactions (ABO incompatibility, most commonly caused by clerical errors and transfusion of the wrong unit). 

· Anaphylactic reactions are due to binding of IgE and present with bronchospasm, edema, redness, and hypotension and require urgent treatment with epinephrine, fluid infusions, corticosteroids and antihistamines, and other therapies as indicated by severity and progression of symptoms. 

· Febrile reactions may be an early sign of hemolytic transfusion reaction (but other symptoms should be present) or bacterial contamination of the blood product. Febrile nonhemolytic transfusion reactions usually occur in patients who have had prior transfusions; headache, nausea, and malaise are associated symptoms. The reaction is due to leukocyte antibodies and leukocyte-depleted red blood cells may be indicated for these patients. Antipyretics may decrease the symptoms if given prior to the transfusion; meperidine may decrease the severity of chills. 

· Acute lung injury is indicative of acute respiratory distress; it is noted within hours after transfusion and is secondary to a transfusion-related inflammatory reaction and altered permeability within the pulmonary circulation. 

· Urticarial reactions secondary to mast cell degranulation do not require the transfusion be stopped; antihistamines may be given. 
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12. Review the clinical manifestations and management of a hemolytic transfusion reaction?
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Most reactions occur during or shortly after a transfusion. Clinical manifestations include fever; chills; chest, flank, and back pain; hypotension; nausea; flushing; diffuse bleeding; oliguria or anuria; and hemoglobinuria. General anesthesia may mask some of the clinical manifestations, and hypotension, hemoglobinuria, and diffuse bleeding may be the only signs. When a reaction occurs: 

· Stop the transfusion immediately and remove the blood tubing. 

· Alert the blood bank and send a recipient and donor blood specimen for compatibility testing. 

· Treat hypotension aggressively with intravenous fluids and pressor agents. 

· Maintain urine output with intravenous hydration. Mannitol and loop diuretics are used on occasion. 

· Massive hemolysis can result in hyperkalemia. Follow serum potassium levels and observe the ECG for changes of hyperkalemia. 

· Disseminated intravascular coagulation may occur. The best treatment is identifying and treating the underlying cause. Follow prothrombin, partial thromboplastin, fibrinogen, and D-dimer levels. 

· Check urine and plasma hemoglobin levels and verify hemolysis with direct antiglobulin (Coombs') test, bilirubin, and plasma haptoglobin levels. 

KEY POINTS: TRANSFUSION THERAPY

1. There is no set hemoglobin/hematocrit level at which transfusion is required. The decision should be individualized to the clinical situation, taking into consideration the patient's health status. 

2. In the operating room, monitor ongoing blood loss closely so as not to "fall behind." 

3. If blood is needed in an emergency, type O-packed cells and/or type-specific blood may be used. 

4. Hemolytic transfusion reactions can be catastrophic and are most often due to clerical or management system errors. Thoroughly check all blood units before administration. 

5. Although rare, transmission of blood-borne diseases can occur with blood transfusion. Transfuse no more blood than absolutely necessary. 
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13. What alternatives are there to transfusion of donor blood?
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· Autologous transfusion (the collection and reinfusion of the patient's own blood) 

· Intraoperative collection and reinfusion of blood lost during surgery 

· Intraoperative isovolemic hemodilution (the reduction of hematocrit or hemoglobin by withdrawal of blood and simultaneous intravascular replacement with crystalloid) 

· Use of hemoglobin solutions 
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14. What are the indications for platelet therapy?
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Platelets may be administered when there is either a quantitative or qualitative deficiency in platelets. Usually platelets will be administered when the platelet count decreases to 50 × 109/L but under certain circumstances a higher platelet count is desirable. Examples include craniotomy, when the patient is on medications with antiplatelet effects, uremia, a history of bleeding abnormalities from other causes, large surgical blood losses, etc. A unit of platelets will increase the platelet count by 5-10 × 109/L. 
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15. What are the indications for administering fresh frozen plasma (FFP)?
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When microvascular bleeding is noted and prothrombin time or partial thromboplastin time exceeds 1.5 the control value, FFP should be considered. The usual dose is 10-15 mL/kg. FFP will also reverse the anticoagulant effects of warfarin (5-8 mL/kg). (Administration of vitamin K will have the same result but will take 6-12 hours to become effective.) Volume expansion is not an indication for FFP. 
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16. What is cryoprecipitate? When should it be administered?




HYPERLINK "javascript:showData('AnswerHC006029','none');showData('HideClickHC006029','none');showData('ShowClickHC006029','');"

Cryoprecipitate is the cold-insoluble white precipitate formed when FFP is thawed at 1-6°C. It is removed by centrifugation, refrozen, and thawed immediately prior to use. Cryoprecipitate contains factor VIII, von Willebrand's factor, fibrinogen, and factor xIII. It is used to replace fibrinogen, factor VIII deficiencies, and factor xIII deficiencies. It has been used to treat von Willebrand's disease (unresponsive to desmopressin) and hemophilia. There is now a purified factor VIII concentrate more appropriate for use in these selected problems. One unit of cryoprecipitate per 10 kg body weight will increase fibrinogen levels by 50 mg/dL. Since cryoprecipitate lacks factor V, for the treatment of disseminated intravascular coagulation, FFP is also necessary. 




Suggested Reading

American Society of Anesthesiologists Task Force on Perioperative Blood Transfusion and Adjuvant Therapies. Practice guidelines for perioperative blood transfusion and adjuvant therapies. Approved October 22, 1995, last amended October 25, 2005. Available at http://www.asahq.org/publicationsAndServices/practiceparam.htm#blood. Accessed January 22, 2006.
