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The Terrified Intern’s Guide to IV Fluids, Diuretics and Sodium
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Joel M. Topf, M.D. Attending Nephrologist Cell: 248.470.8163 www.pbfluids.blogspot.com



Introduction Nephrology: I like to fix the numbers Back in medical school, in a moment of delirium, I decided to co-write a fluid and electrolyte book. This book was written for medical students and interns and was designed to not just deliver pearls but to give the reader a solid foundation in the physiology that governs the balance of atoms in the body. The book took four years to write. Note to self, do not write a textbook during residency. Apparently the workload in residency does not leave much discretionary time. Who knew? This pocket guide will focus on practical physiology and pearls to provide the reader with a useful understanding of bread and butter issues faced on a daily basis.



Invocation The lungs serve to maintain the composition of the extracellular fluid with respect to oxygen and carbon dioxide, and with this their duty ends. The responsibility for maintaining the composition of this fluid in respect to other constituents devolves on the kidneys. It is no exaggeration to say that the composition of the body fluids is determined not by what the mouth takes in but what the kidneys keep: they are the master chemists of our internal environment. Which, so to speak, they manufacture in reverse by working it over some fifteen times a day. When among other duties, they excrete the ashes of our body fires, or remove from the blood the infinite variety of foreign substances that are constantly being absorbed from our indiscriminate gastrointestinal tracts, these excretory operations are incidental to the major task of keeping our internal environments in the ideal, balanced state.



--Homer Smith from Fish to Philosopher
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Treatment! Acute symptomatic hyponatremia!



Hypernatremia!
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Body water Total body water Humans are typically 60-70% water but this varies with body fat and age. As patients get fatter they have lower percentage body water. As patients age they also have a lower percentage body water. With obesity increasing in the U.S., our traditional total body water calculations overestimate total body water. This means that using calculations to estimate the amount of 3% saline needed in hyponatremia will overshoot the desired correction. One way to adjust for obesity is to use the adjusted body weight equation: Adjusted body weight Start by calculating the ideal body weight. The ideal body weight is 45 kg for females and 50 kg for males plus 2.3 kg for every inch over 60 inches. The adjusted weight = ideal weight + 0.5 (actual body weight – ideal weight) I am not aware of any study which looked to see if adjusted body weight provided better estimation of total body water. It does better correlate with caloric needs of obese patients than actual body weight. Take home message: all formulas used to treat dysnatremias depend on an estimate of total body water. Be careful in your calculation of TBW, brainless calculations don!t cut it and likely overestimate TBW, to your patient!s detriment. 5



Fluid compartments intracellular compartment



extracellular compartment interstitial compartment



67% (28 L in 70 kg)



25% (11 L in 70 kg) 8% (3 L in 70 kg)



Total body water is either intracellular or extracellular. The extracellular compartment can be further divided into the intravascular and interstitial compartments. The intracellular compartment is twice as large as the extracellular compartment and the interstitial compartment represents three quarters of the extracellular compartment. This means that the plasma compartment, the only space physicians can directly measure and influence, represents only 8% of total body water.
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plasma compartment



From plasma to blood Total blood volume is composed of both the plasma compartment and the intracellular volume of the red cells. blood = volume blood = volume blood = volume



plasma volume 1 – hematocrit 3 liters 1 – 0.40 3 liters 0.6



blood = 5 liters volume



IV Fluids Nearly every patient admitted will be hypovolemic or hypervolemic, so all admitting orders will include IV fluids or diuretics. You should have more than just a basic familiarity with these therapeutics.



Don!t give a drowning man a glass of water.



Firstly do not use both IV fluids and diuretics together. Choose one. The exceptions to this rule: • Hyperkalemia • Hypercalcemia • Dextrose IVF for patients who are NPO



IV fluids There are three basic types of IV fluids: dextrose solutions, crystalloid fluids and plasma expanders. The types are differentiated by the distribution of the fluid among the three body compartments. Dextrose solutions Dextrose solutions are used to deliver solute-free water intravenously. They are the fluid of choice for treating hypernatremia. D5W, is the standard dextrose solution. The unexpressed unit for the 5 in D5W is grams percent, or number of grams per 100 mL of fluid. One liter of D5W contains 50 grams of glucose (200 Kcal). To convert this to the conventional units for blood sugar multiply the 5 by 1000 to 7



get mg/dL. D5W has a completely non-physiologic glucose concentration of 5000 mg/dL. The reason for this high glucose concentration is that it is needed to make this electrolyte-free solution isotonic. Divide 5000 mg/dL The formula for Ringer"s by 180 (the molecular weight of Lactate glucose) and then multiply by 10 (conversion of dL to L) to convert • 130 mmol/L of sodium the mg/dL to mOsm/kg and you • 109 mmol/L of chloride get a nearly isotonic 277 mOsm/ kg. • 28 mmol/l of lactate Dextrose solutions deliver water • 4 mmol/L of potassium according to the natural distribu• 6 mg/dL of Ca tion of body water. That means two thirds moves intracellularly, and only 8% or 80 mL of every liter remains in the intravascular space. This makes it a lousy choice for volume resuscitation but a good fluid for correcting hypernatremia. Even if your patient has heart failure, since little of the volume remains in the vascular space, they should tolerate relatively high amounts of D5W. Crystalloid solutions Crystalloid solutions are the bedrock of IV therapy. They are used to increase intravascular volume. Isotonic crystalloids (0.9 NS or LR) remain in the extracellular compartment and distribute between the interstitial and intravascular compartments at a 3:1 ratio. For every liter of normal saline administered 250 mL remain in the intravascular compartment. Hypotonic crystalloids (e.g. half normal saline) will distribute partly like dextrose solutions (across all three body compartments) and partly as crystalloids (limited to the extracellular compartment). Normal saline, 0.9% NaCl, contains 9 grams of NaCl per liter. This comes out to a sodium concentration of 154 mmol/L, slightly hypertonic. The pH of normal saline is 5.5. This is the source of dilutional acidosis. When patients are given a large volume of normal saline they may develop a non-anion gap 8



metabolic acidosis. This hyperchloremic acidosis is due to the acidic nature of normal saline. This is not seen with the other primary isotonic fluid, lactated ringers (Ph 6.6). Lactated Ringer!s is the crystalloid solution preferred by surgeons. It is a physiologic solution with an electrolyte composition very similar to plasma. Lactate is used as the source of alkali because bicarbonate has a poor shelf-life. Lactate is metabolized to glycogen which is ultimately converted to carbon dioxide and water by oxidative metabolism. Patients with lactic acidosis should not be given LR. Additionally, because of the calcium and potassium, it should not be used in patients with hypercalcemia or hyperkalemia. Bicarbonate drips Bicarbonate solutions are a type of crystalloid solution mixed by pharmacy or a nurse for immediate administration. This gets around the problem of the bicarbonate breaking down to CO2 and water while sitting on a shelf for weeks. 0.9 NS



0.45 NS



D5W



Na of infusate



385



321 284



308 231 154 77



245



244 207



202 168



167 130



125 91 48



0 1 amp



2 amp



3 amp



4 amp



Amps of NaHCO3 added to a liter of solution Bicarbonate drips have a proven role in aspirin and tricyclic toxicity and in preventing contrast nephropathy. They are often 9



used with less data in the treatment of metabolic acidosis. I often see mistakes in ordering these fluids. Generally when these fluids are being used you want to give as much bicarbonate as possible, so you should start with D5W and then add 3 or 4 amps of sodium bicarbonate depending on the serum sodium and volume status of the patient. Adding 3 amps of sodium bicarbonate Dosing Furosemide results in a slightly hypotonic solution (260 mOsm/kg) and My guideline: adding 4 amps results in a 20 x serum Cr slightly hypertonic solution (334 mOsm/kg). Use 3 amps No higher than 80 mg for the in patients with higher serum initial dose and no higher than sodium and four amps if the 200 mg ever. sodium is lower. Most of the House of God guideline: data on contrast nephropathy was performed with 3 amps in Age + BUN a liter of D5W. Each amp of sodium bicarbonate contains half the RDA of sodium so this mixture can rapidly cause edema and congestive heat failure. Plasma expanders These specialized IV fluids do not distribute among the three body compartments but remain in the intravascular compartment. These fluids are ideal for treating shock and run a high risk of inducing congestive heart failure. The principle plasma expanders are: • Fresh frozen plasma (200-250 mL per unit) • Packed red blood cells (240-340 mL per unit) • Platelets (4-80 mL per unit) • Albumin • Hetastarch • Dextran" 10



Diuretics Proper dosing of diuretics Thiazide diuretics lose much of their effectiveness below 50 cc/ min (CKD stage 3). Patients should be given much higher doses to achieve diuresis. Use 50-100 mg/day of HCTZ in CKD 3 and 200 mg in CKD 4 and 5. I find metolazone to be effective in late CKD at more standard doses. I start at 2.5 mg to 5 mg daily and go up to 20 mg daily. The half life of metolazone is two days so don!t expect a steady state for about a week. Metolazone also acts as a carbonic anhydrase inhibitor so it has activity in the proximal tubule. Loop diuretics prevent sodium absorption in the thick ascending loop of Henle. The drug antagonizes the Na-K-2Cl transporter from the tubular fluid (as opposed to the blood side). Decreased effectiveness of loop diuretics occurs in four situations. Situation



Mechanism of diminished response



Therapeutic response



Renal failure



Impaired delivery to tubular fluid



increased dose



Nephrotic Syndrome



Protein binding in the urine.



increased dose



Heart Failure



Sodium avid nephron



increased frequency



Cirrhosis



Sodium avid nephron



increased frequency
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Sodium avid nephron



Note in the table above that the bioavailability of furosemide varies slightly from individual from 10-100%. This means that when switching from IV to oral furosemide the equivalent dose can vary between 1:1 to ten times the IV dose. This varies from individual to individual and in the same individual depending on intestinal edema. Furosemide drips In patients who require high doses of furosemide, consider continuous drips. These can be run in all of the ICUs and on cardiology and nephrology floors. Furosemide drips were compared to bolus furosemide in a Meta-analysis by Salvadore and Rey and they found: • More diuresis 12



• Less ototoxicity • No change in electrolyte abnormalities Start with a 40 mg bolus and then run the drip at 20 mg/hr. When increasing the drip rate repeat the bolus. Dr. Brater recommends a maximum rate of 40 mg/hr. 1. Brater DC. N Eng J Med 1998; 339: 387-395. 2. Salvador DR, Rey NR, Ramos GC, Punzalan FE. Cochrane Database Syst Rev. 2004;(1):CD003178



Diuretic Questions The Vice president is suffering from progressive lower extremity edema. His ejection fraction is 25%. His current diuretic regimen is furosemide 40 mg once a day. His creatinine 1.4 mg/dL, K=3.2, Additional medications include carvedilol, ramipril and digoxin. Suggest an alternative diuretic regimen.



Following Tupac Shakur's debut album, 2Pacalypse Now, he was shot five times and robbed in the lobby of a recording studio in New York City. While recovering in the ICU he becomes oliguric and had increasing volume overload. FiO2 was up to 80%. He is currently making 5-10 mL/hour on furosemide 40 mg IV q8h. Suggest an alternative diuretic regimen.



13



Dysnatremias The great switch of volume and sodium One of the hardest aspects of understanding sodium metabolism is internalizing the concept that disorders of water present as abnormal sodium levels, and disorders of sodium levels present as volume disregulation. Examples: The volume overloaded, edematous patient in heart failure has excess total body sodium and, assuming his sodium is normal, has an appropriate amount of total body water for this excess sodium. The problem of excess sodium presents as volume overload. The patient with SIADH and a sodium of 118 has a disorder which prevents him from excreting his excess water, his total body sodium is normal (actually with very accurate metabolic studies it has been determined that patients with SIADH actually have excess total body sodium). The problem of excess water presents as a low sodium concentration.
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Sodium is different from other ions. In other ions the effects of disregulation are due to direct effects of the ion itself: • Arrhythmia from high (or low) potassium • Weakness from high magnesium • Tetany from low calcium This does not hold for sodium, where the symptoms of dysnatremia are due to associated changes in cell volume from associated changes in tonicity. Increases in extracellular tonicity usually (but not always) follow increases in sodium concentration and cause cell volumes to fall. Decreases in extracellular tonicity are usually secondary to decreases in sodium concentration and results in cellular swelling. When the relationship of tonicity and sodium concentration becomes decoupled (i.e. a fall in the sodium concentration without a similar fall in serum osmolality) patients symptoms track with the osmolality not the sodium concentration. For example in pseudohyponatremia due to a high glucose, patients have an elevated serum osmolality and a decreased serum sodium. The symptomatology in this case is similar to that seen with hyperosmolarity. The association of a high serum sodium and high osmolality does not breakdown. Every patient with a high sodium will have a high osmolality.



Hyponatremia Is defined as a serum sodium less than 135. It is among the most common electrolyte abnormality. Pseudohyponatremia Pseudohyponatremia is a decreased serum sodium with an associated decrease in serum osmolality. This occurs in two clinical scenarios: • low sodium concentration with a normal plasma osmolality. This is due to a measurement error which occurs in the 15



presence of high protein or lipid levels. Modern laboratory equipment usually does not have this weakness. • low sodium concentration with a high plasma osmolality. This occurs with hyperglycemia or following a mannitol infusion. Pseudohyponatremia: the case of low sodium and a high osmolality High serum glucose levels can osmotically draw water from the intracellular compartment. When this occurs the excess water dilutes the serum sodium. The net result is a low serum Adjusting the sodium for sodium but a high serum hyperglycemia. osmolality. The degree by which the so(glucose -100) Naadj = x 1.6 dium is diluted is predictable 100 and will be on your boards. Clinically, I believe the imporTo remember the association tant item is to recognize this of 1.6 with high glucose think phenomena and respond apsweet sixteen. propriately; rarely (ever?) does proper clinical management hang on a precise calculation. In fact, if management did rely on an accurate adjustment for hyperglycemia, more people would realize that the traditional 1.6 per 100 mg/dL of glucose is inaccurate. This Katz conversion which was developed by pure theory and has no empiric data to support it. Hillier, et al did the only empiric work on the conversion and found the ratio to be 2.4 per 100 mg/dL. Hillier TA, Abbott RD, Barrett EJ. Am J Med 1999; 106: 399-403. Hillier actually felt that the ratio was biphasic with 1.6 per 100 for glucose from 100 to 400 and 4.0 for glucoses greater than 400.
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Pseudohyponatgremia problems: Calculate the corrected sodium using Katz conversion and the Hillier conversion: 1. Na 128! Katz: ______" 2. Na 122! Katz: ______" 3. Na 112! Katz: ______" 4. Na 148! Katz: ______" 5. Na 130! Katz: ______" 6. Na 120! Katz: ______" 7. Na 126! Katz: ______"
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Glucose 600 Hillier: ______"



Biphasic: ______



Glucose 800 Hillier: ______"



Biphasic: ______



Glucose 200 Hillier: ______"



Biphasic: ______



Glucose 500 Hillier: ______"



Biphasic: ______



Glucose 1600 Hillier: ______"



Biphasic: ______



Glucose 800 Hillier: ______"



Biphasic: ______



Glucose 600 Hillier: ______"



Biphasic: ______



True hyponatremia Low sodium, associated with a low osmolality, is due to a water imbalance, such that more water is being ingested than excreted. The differential can thus be divided into increased intake (drinking like a madman, psychogenic polydipsia), and decreased excretion (ADH activity or renal failure).



True hyponatremia occurs when water intake is greater than water excretion.
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Etiologies of Hyponatremia • Increased water intake • Psychogenic polydipsia • College hazing • Stupid radio contests • Decreased water excretion • Renal failure • ADH • SIADH • CHF • Volume depletion • Cirrhosis • Adrenal insufficiency • Hypothyroidism



Increased intake Healthy kidneys can clear 18 liters of water every day. In the absence of any other abnormality of water handling a person would need to ingest more than this 18 liters to dilute their sodium. Patients with schitzophrenia are at risk for developing psychogenic polydipsia, a condition of compulsive water drinking.



Recently, there have been a spate of fraternity hazing episodes involving forced water drinking. In three separate incidents young men died due to acute hyponatremia and associated cerebral. Decreased water excretion ADH activity is central to the accumulation of water because it prevents the excretion of water by forcing the kidney to make concentrated urine. True hyponatremia is usually due to an inability to make dilute urine. The three steps to dilute urine. In order for the kidney to produce dilute urine, and thereby excrete excess water, three steps must occur:



1



The first is that water must be delivered to the diluting segments of the nephron. The diluting segments are the ascending loop of Henle and distal convoluted tubule and cortical collecting ducts. In the proximal tubule, solute reabsorption drives water reabsorption so that the tubular fluid remains roughly isosmotic. In the medullary collecting duct there is no 19



solute reabsorption but there is variable degrees of water reabsorption (ADH dependent) so the urine can be concentrated but not diluted. Failure to deliver water to the diluting segments occurs with: •Generalized renal failure, decreased GFR means decreased water delivery to all segments of the nephron •Volume deficiency, ineffective circulating volume causes enhanced reabsorption of solute and water in the proximal tubule. This leaves less tubular fluid for the diluting segments. • Heart failure, same as volume deficiency • Cirrhosis, same as volume deficiency • Nephrotic syndrome, same as volume deficiency. Nephrotic syndrome is a very sodium avid state. This occurs in both the traditional under-fill hypothesis of nephrotic syndrome (low albumin leads to movement of fluid into the interstitial compartment, leading to decreased intravascular volume leading to sodium avid kidneys.) And in the more likely correct over-fill hypothesis of nephrotic syndrome (the nature of glomerular disease is associated with a primary increase in sodium avidity leading to increased intravascular volume and edema. second step in the production of dilute urine is functional 2 The diluting segments. ATN and diuretics can shut down the di-



luting segments. 20



final step is preserving the dilute urine. In the absence 3 The of ADH, the dilute tubular fluid leaving diluting segments is



preserved and leaves the body with a low osmolality.Loss of dilute urine raises the serum sodium. If ADH is around, the water in the urine is selectively reabsorbed, concentrating the urine and diluting the serum sodium.



2 1



3



ADH can be released for physiologic or nonphysiologic reasons. Physiologic reasons are limited to increased serum osmolality (where the release of ADH, adds hydration to the body and restores normal osmolality) and decreased blood pressure/perfusion (where the ADH causes vasoconstriction and to some degree preserves intravascular volume)
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Non-physiologic reasons for ADH release are protean: Increased Hypothalmic Production of ADH 1. Neuropsychiatric disorders 1. Infections: meningitis, encephalitis, brain abscess 2. Vascular: thrombosis, subarachnoid or subdural hemorrhage, temporal arteritis, cavernous sinus thrombosis, stroke 3. Neoplasm: primary or metastatic 4. Skull fracture, traumatic brain injury 5. Psychosis, delirium tremens 6. Other: Guillain-Barré syndrome, acute intermittent porphyria, autonomic neuropathy, postpituitary surgery, multiple sclerosis, epilepsy, hydrocephalus, lupus erythematosus. 2. Drugs 1. cyclophosphamide 2. Carbamazepine 3. Vincristine or vinblastine 4. Thiothixene 5. Thioridazine, other phenothiazines 6. Haloperidol 7. Amitriptyline, other tricyclic antidepressants or serotoninreuptake inhibitors 8. Monoamine oxidase inhibitors 9. Bromocriptine 10. Lorcainide 11. Clofibrate 12. General anesthesia
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13. Narcotics, opiate derivatives 14. Nicotine 3. Lung diseases and interventions 1. Pneumonia 2. Tuberculosis 3. Lung abscess, empyema 4. Acute respiratory failure 5. Positive pressure ventilation 4. Perioperative Period - associated with the stress response to injury and pain Ectopic (nonhypothalamic) production of ADH 1. Cancer: Small cell carcinoma of lung (2/3 of patients with small cell have impaired water excretion), bronchogenic, duodenum, pancreas, thymus, olfactory neuroblastoma, bladder, prostate, uterus 2. Lymphosarcoma, reticulum cell sarcoma, mesothelioma, Ewing sarcoma 3. Hodgkin's disease, leukemia 4. Pulmonary tuberculosis Potentiation of ADH effect 1. Chlorpropamide 2. Carbamazepine 3. Psychosis 4. Intravenous cyclophosphamide 5. Tolbutamide 6. Prostaglandin-synthesis inhibitors (salicylates, NSAIDS) Exogenous administration of ADH 1. Vasopressin, desmopressin 2. Oxytocin



Implications of true hyponatremia Decreased serum sodium causes an acute osmotic shift of water from the vascular space into the intracellular compartment. This causes cellular swelling and dysfunction. This is most harmful in the encased brain, where cerebral edema causes increased intracellular presure and can be lethal. The body has a two phase response to the movement of water into the cells, a rapid and slow adaptation. rapid adaptation: initially the brain cells will eject intracellular sodium and potassium to decrease or reverse the osmotic movement of water. This is limited because intracellular electrolytes are regulated to maintain normal tissue function. This is akin to weary hikers dumping excess food to lighten their packs, it works but it is a shortterm solution. slow adaptation: after 24 hours or so the swollen cells eject organic molecules called osmolytes. This can succeed at fully restoring a normal intracellular volume despite the decreased serum tonicity.
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One of the consequences of the ability to normalize cell volume at the decreased serum osmolality is susceptibility to rapid correction of the hyposmolality. Rapid correction of the osmolality make the compensated intracellular compartment, suddenly relatively hypotonic and hence water leaves the cells and the cells become desiccated. In the central nervous system this can cause Central Pontine Myelinolysis a devastating and usually lethal form of osmotic brain damage.



Treatment Patient with acute symptomatic hyponatremia are suffering from increased intracranial presure and cerebral edema. This requires acute management. Patients with compensated asymptomatic hyponatremia are not suffering. that is why they call it asymptomatic. These patients need slow controlled correction of there hyponatremia. Acute symptomatic hyponatremia Patients with active symptoms should be Change in sodium formula. To given a bolus of 3% sacalculate the sodium following an line to raise there soinfusion of any IVF. The greater dium 6 mmol or until the the urine output the less accurate symptoms abate. For the calculation. average size patients, (NaIV - Naserum) 100 mL of 3% will raise delta Na = TBW + 1 the serum sodium by 1 mmol/L. This calculates the amount the 1. Give 600 mL over 3 sodium will change following a lihours ter of infusate. Works for both hypernatremia and hyponatremia. 2. Repeat the sodium 3. 12-16 mmol/L change in the first 24 hours After the initial rise in sodium the sodium should increase by no more than 12 mmol/L in 24



the first day. Some authors recommend only 8 mmol/L because of a few reports of CPM with a change of sodium less than 12 mmol/L. Hypovolemic patients should have there volume restored with normal saline. These patients often have their sodium snap back once the hypovolemic stimulus for ADH is removed. To prevent overly rapid sodium correction you can replace a fraction of urine output (Start with 75% and titrate down to allow measured recovery of sodium) with D5W or oral free water. Asymptomatic patients should not be treated with 3% saline. Water restriction is the first line of therapy. Those who fail to respond to fluid restriction can be given alternative strategies. Strategies for asymptomatic chronic hyponatremia. • Fluid restriction • (Na urine + K urine) : Na serum > 1 then < 500 mL/day • (Na urine + K urine) : Na serum = 1 then 500-700 mL/day • (Na urine + K urine) : Na serum < 1 then 1,000 mL/day • Around the clock loop diuretic (only if Na serum)



urine



+K



urine



> Na



• Demeclocycline 600-1200 mg/day. Takes 8-10 days to work. Can cause interstitial nephritis. • Conivaptan (Vaprisol™) IV infusion of direct ADH antagonist. Best studied option for correcting serum sodium. 20 mg IVPB over 30 minutes followed by a drip of 20 over 24 hours. • Oral urea pills (ewwww) 30 g per day.
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Hypernatremia Increased serum sodium is easier than decreased sodium. There is no pseudohypernatremia to worry about. No need to confirm the high sodium with a serum osmolality and no need to puzzle over a bunch of possible diagnosis. No controversies in the treatment. Hypernatremia causes an intense thirst and even with a complete lack of ADH (i.e. central diabetes insipidis) patients are able to maintain a normal serum sodium by copious water drinking. This means that increased serum sodium is always due to an inability to drink water. Usually this is because the patient is unable to get water for themselves (patient in a coma, tied to the bed or an infant) or there is no water available (woman lost in the desert). Rarely patients may get hypernatremic from administration of excess sodium, usually after a code blue and bicarbonate administration. Hypernatremia causes cerebral desiccation. This results in shrinking of the brain and can tear the bridging vessels and result in intracranial hemorCorrecting hypernatremia rhage. Regardless of the etiology the treatment is replacing electrolyte free water. In addition to replacing the deficit (I usually aim to correct a sodium deficit over two days, do not go faster than 10 mmol/L per day) one most account for on going water losses. The primary water loss is urine. Add half of the hourly urine output to the hourly fluid replacement to get the final rate of administration. 26



Step one calculate the free water deficit: Water = TBW x deficit



(



Nacurrent 145



)



-1



This calculates the amount of water that must be given to correct the the sodium to 145 mmol/L. Divide this over 48 hours and add from half to all of the hourly urine output to calculate the final fluid orders.



Notes



Joel M. Topf, MD Nephrology 248.470.8163 http://pbfluids.blogspot.com/
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