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Abstract

Using a case of hyperglycemic hypertonic nonketosis we examine the changing composition of

body fluid spaces to explore the distinction between dehydration with hypertonicity and volume

depletion. These terms have specific meaning and their proper use guides therapy when

pathophysiology disturbs the composition of various body fluid compartments.

Case Report

A 35 year-old African-American male with a history of obesity, hypertension, and recently

diagnosed diabetes mellitus stopped metformin following an upper respiratory infection.

Polyuria and polydipsia followed with the patient drinking large amounts of Gatorade until

the onset of nausea, vomiting, and confusion. On presentation he was afebrile, unsteady, and

lethargic weighing 155 kg at 6 feet of height. A supine blood pressure of 132/88 with a pulse

of 90 beats/min changed on standing to a blood pressure of 121/90 with a pulse of 122 beats/

min. Remainder of the physical examination was remarkable for posterior oropharyngeal

erythema and dry mucous membranes. Initial laboratory studies are listed in Table 1.

Introduction

Dehydration refers to a loss of total body water producing hypertonicity. Unfortunately, the

word dehydration is often used interchangeably with volume depletion, which refers to

something different, a deficit in extracellular fluid volume. The distinction between these

two conditions is important as the type of fluids used for therapy and their rate of

administration differs for each. Hypertonicity is the primary pathophysiologic feature of

water deficiency and is preferred terminology over the now careless use of dehydration.

Here we examine a patient with hyperglycemic hypertonic nonketosis (HHNK) to illustrate

the concepts of volume depletion and hypertonicity and their role in designing rational fluid

therapy.
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Pathophysiology

Body Fluid Spaces

Total body water (TBH2O) represents about 45-60% of body weight depending on age,

gender, and race (1, 2). TBH2O is further divided into an intracellular fluid compartment

(ICF; about 55% of total body water) and an extracellular fluid compartment (ECF; about

45% of total body water) (3), which are proportional to the ratio of osmotically-active

intracellular K+ to extracellular Na+ (4). The clinical term volume is bedside shorthand for

ECF volume (ECFV). ECF can be subdivided into plasma volume representing 17% of the

ECF, interstitial volume encompassing 50-60% of the ECF, and the remainder consisting of

bone and connective tissue water (3). Blood volume is the sum of the extracellular plasma

volume and the red blood cell volume (Figure 1).

Tonicity

Why do we ever measure a serum Na+ clinically? Its usefulness lies only as a surrogate

marker of tonicity. Tonicity is a descriptive physiologic term that refers to the volume

behavior of cells in a solution; cell volume tends to expand as body fluids become hypotonic

or shrink as surrounding fluids become hypertonic. Tonicity is different than serum

osmolality because measurement of the latter reflects the totality of effective and ineffective

osmoles in a liter of body fluid. Only effective osmoles trapped on either side of the cell

membrane change cell volume; they obligate the hydration of their respective body space

through transmembrane water flow until effective osmolality equalizes across all fluid

compartments to establish tonicity. Ineffective osmoles, such as urea and alcohol, cross cell

membranes and do not influence transmembrane water flow or change cell volume (5, 6). If

the cell volume effects of tonicity cannot be quantitated directly and serum osmolality is an

unreliable indicator (7), then serum Na+ becomes a useful surrogate marker of tonicity, and

we can construct a thought equation to understand this surrogacy: Serum Na+ = Tonicity =

Effective Osmols ÷ TBH2O = (TBNa+ + TBGlucose + TBK+) ÷ TBH2O.

In this thought equation, osmotically-active TBNa+ and its anions (not shown) plus glucose

bathe the outside of cells and osmotically-active TBK+ and its anions are inside cells. These

bulk solutes obligate water to hydrate one compartment or the other in proportion to

available effective osmoles and, at equilibrium, serum Na+ roughly reflects net tonicity

imposed by effective osmoles across all compartments. Lest we forget, intracellular K+ is an

important determinant of steady state serum Na+ (6, 7), as osmotically active TBK+ is 20%

more abundant than TBNa+, which explains why the ICF is slightly larger than the ECF (4).

TBNa+, TBK+, and TBH2O are governed by diet and renal excretion, and to a lesser extent

by losses from the gut, lungs, and skin. When the content of body solute, levels of anti-

diuretic hormone, and extracellular volume are steady-state normal, urine Na+ and K+

excretion and the electrolyte-free water clearance primarily reflect dietary intake (6-8).

Serum Na+ and Hyperglycemia

In the setting of hyperglycemia, the relationship between TBGlucose and serum glucose can

be mathematically expressed using a framework in which glucose is added to plasma and

allowed to diffuse into a volume of distribution (VD) expressed as a fraction of total body
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water: Serum glucose = TBGlucose ÷ (VD × TBH2O). Based on this framework, a modified

relationship for serum Na+ correcting for hyperglycemia may be derived as follows: Serum

Na+
G = (TBNa+ + TBK+ ÷ TBH2O) − Glucose × (1 - VD) ÷ 2. As glucose accumulates in

the extracellular space, effective osmolality rises leading to a shift of body water from ICF

to ECF to re-establish equilibrium at a new level of tonicity. A dilutional fall in serum Na+

ensues proportional to the change in glucose concentration and VD: ΔSerum Na+
G =

ΔGlucose × (1-VD) ÷ 2. VD is a complex function of insulin activity, glucose distribution

time, ECFV, and glucose concentration itself, but under normal steady-state conditions

encompasses the mannitol-penetrable ECF plus about 10% of ICF (VD ≅ 0.4) (3, 9, 10). The

clinically relevant range of VD (0.3-0.5) translates into a 1.5-1.9 mEq/L (mean 1.7 mEq/L)

fall in serum Na+ for every 100 mg/dL rise in serum glucose (11-14). At the bedside, the

measured serum Na+ is corrected for its decline related to hyperglycemia so that it largely

reflects TBNa+ and TBK+ relative to TBH2O: Serum Na+
G = Measured serum Na+ + (1.7 ×

ΔGlucose/100 in mg/dL).

Blood Volume

Neurohormonal homeostatic mechanisms sense and defend effective circulating blood

volume (ECBV), a poorly measurable quality of arterial filling determined primarily by

blood volume, cardiac output, and vascular tone (15). Plasma volume, as a component of

blood volume, represents the common link between ECFV and ECBV. Thus, ECFV and

ECBV parallel one another normally, but diverge in many pathologic states; for example,

edematous states such as congestive heart failure or cirrhosis, often exhibit diminished

ECBV with expanded ECFV (15).

The defense of ECBV classically involves vasoconstriction, tachycardia, and improved

myocardial contractility to maintain circulatory pressure and flow to vital organs. A less

commonly appreciated response is transcapillary refill, which involves movement of

interstitial fluid into the vascular space to replenish lost intravascular volume (16, 17).

Transcapillary refill is observed routinely during dialytic ultrafiltration particularly using

hemoconcentration-based blood volume monitoring (18). Kinetic studies after phlebotomy

or ultrafiltration (10-20% blood volume loss) suggest the vascular refill rate is maximal

immediately after a volume loss, recouping about 50% of lost fluid within 2 hours with an

eventual plateau at 24 hours after about 75-80% of lost vascular volume is recovered

(19-22). Rapid losses of blood volume draw primarily from blood volume alone, while

slower losses recruit from about 75% of the ECF (plasma volume plus interstitial fluid

volume) requiring 3 to 4-fold greater deficits to produce equivalent hemodynamic

compromise.

Non-hemorrhagic fluid losses such as gastrointestinal, renal, or third spacing initially derive

from the plasma volume but are usually slow enough to distribute across much of the ECF

compartment, although there are exceptions (20, 23). Unlike hemorrhage, the ensuing

hemoconcentration augments transcapillary refill and systemic vascular resistance (24, 25)

and the extent of hemoconcentration quantifies volume deficits in the absence of blood loss

(26).
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When net fluid loss is isotonic, it draws completely from the ECF and thus the volume of

fluid loss exactly equals the volume deficit. Conversely, when there is pure water loss, ECF

tonicity rises causing rapid translocation of water from the larger intracellular compartment

to establish a new elevated level of body tonicity. Thus, pure water loss leads to

hypertonicity and contraction of all body water compartments proportional to their share of

total body water (27). Theoretically, the concept of isotonic or pure water loss is attractive,

but such losses rarely occur in isolation. Most non-hemorrhagic fluid losses are hypotonic,

but can be partitioned into isotonic and pure water components to apply the theoretical

framework. Moreover, considering hypotonic losses as part isotonic and part pure water

distinguishes volume depletion from hypertonicity, helps recognize a predominant

abnormality, and allows for an appropriate intervention combining isotonic saline and free

water repletion at safe rates for therapy. To crystallize these concepts, we contrast 1L fluid

losses of varying composition and their effects on body fluid compartments in Table 2.

Clinical Features

Volume Depletion

Volume depletion is diagnosed at the bedside with corroboration from laboratory studies. A

common approach is to interrogate the status of ECBV defense mechanisms using postural

or baseline changes in heart rate and blood pressure or accompanying symptoms such as

orthostatic presyncope. Orthostatic changes in heart rate or blood pressure do not become

evident in normal subjects until 15-20% of blood volume is removed acutely (28, 29).

Assuming a 15% fall in blood volume as a minimal threshold for clinically detectable

volume depletion, a non-hemorrhagic, isotonic loss of about 15% of ECF amounting to 7%

of TBH2O is required. In contrast, a pure water deficit equivalent to 15% of TBH2O is

needed to reach the same hemodynamic threshold. Consequently, isotonic losses are about

2-fold more potent than pure water losses at depleting blood volume. Indeed, isotonic losses

alter systemic hemodynamics, reduce blood volume and GFR, and leave body tonicity

unchanged. Conversely, an equivalent pure water deficit does not measurably alter blood

volume or GFR, while hypernatremia and hypertonicity are prominent (30-34).

Clinicians often use the renal response to hypovolemia to adjudicate a clinical impression of

volume depletion. As blood volume and ECBV fall, initial intrarenal events maintain renal

blood flow (RBF) and GFR primarily through prostaglandin effects on afferent arteriolar

tone despite systemic vasoconstriction. As ECBV declines further, angiotensin II-mediated

efferent arteriolar vasoconstriction reduces renal blood flow, but preserves GFR leading to a

rise in filtration fraction, which contributes to enhanced proximal tubular sodium and urea

reabsorption. Eventually the mechanisms combating afferent arteriolar vasoconstriction fail

leading to a precipitous fall in RBF and GFR (35).

In humans, RBF begins to fall at around 10% blood loss and GFR falls at about 20% blood

loss (36-39). Thus, a rise in serum creatinine or oliguria related solely to non-hemorrhagic

hypovolemia anticipates a 15-20% deficit in ECF. Vascular disease from hypertension or

diabetes, cardiac dysfunction, chronic kidney disease, or medications interfering with

compensatory angiotensin or prostaglandin systems, will exhibit GFR declines at lower

levels of volume depletion (35).
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Hypertonicity

Hypertonicity usually results from a disproportionate fall in TBH2O relative to TBNa+ and

TBK+ producing hypernatremia. With pure water loss, extracellular tonicity rises and draws

fluid from the intracellular compartment which, given its larger size, bears more of this loss.

Thus, hypertonicity in many respects requires intracellular volume contraction, while

volume depletion is a disorder of blood volume contraction. Brain cell function is

particularly sensitive to crenation and neurologic symptoms predominate following

hypertonicity. Only extraordinary pure water losses producing serum Na+ concentrations

>170 mEq/L risk hemodynamic alterations (27), and neurologic symptoms are often

apparent before hypertonicity progresses to this point.

Most nucleated cells acclimate to hypertonicity by accumulating electrolyte osmoles initially

followed by organic osmoles chronically. These osmoles pull water back into the

intracellular compartment partially restoring cell volume (40). If the progression of

hypertonicity eclipses intracellular osmolyte accumulation, severe neurologic symptoms

ensue with seizures, coma, and central pontine myelinosis as the most dreaded

complications. If hypertonicity develops slowly, neurons acclimate, maintain cell volume,

and patients exhibit only mild neurologic symptoms or may even present asymptomatically.

However, rapid correction of chronic, compensated hypertonicity may precipitate cerebral

edema when osmotic entry of water into brain cells outstrips their short-term ability to shed

accumulated organic osmoles (41).

Hyperglycemic hypertonicity behaves differently from hypernatremic hypertonicity.

Organic osmolytes in animal studies accumulate and dissipate quickly in hyperglycemia

alone compared to hypernatremia, which may explain the relative rarity of treatment-related

cerebral edema in HHNK (42-45). High dose insulin strongly promotes entry of osmoles

into cells, such as glucose and K+, and may predispose to cerebral edema (44). The greater

prevalence of cerebral edema in diabetic ketoacidosis compared to HHNK suggests its

pathogenesis relates more to metabolic derangements from acidosis rather than

dysregulation of cell volume (44-46).

The homeostatic response to hypertonicity is ADH-mediated urinary water conservation and

stimulation of thirst seeking water. ADH release and thirst are much more sensitive to

hypertonicity compared to hypovolemia (7). ADH also increases distal nephron reabsorption

of urea and recycling to improve the efficiency of water reabsorption leading to mild

azotemia (47). Conversely, since vascular volume is typically maintained, GFR and serum

creatinine are unchanged initially. Oliguria is evident early in hypertonicity (<5% increase

over set point), while appearing late in hypovolemia as deficits of at least 10% ECBV are

required to stimulate ADH release and raise urine osmolality (33, 34, 48). We summarize

the contrasting clinical features of volume depletion and hypertonicity in Table 3.

Rational Approach to Fluid Therapy

A rationale approach to therapy begins with estimation of the volume and water deficits, as

these deficits are replenished with rapid isotonic saline administration and slow free water

repletion, respectively. With hyperglycemia, glucose overwhelms renal reabsorption and an
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osmotic diuresis ensues producing a slightly hyperosmolar urine (~400-500 mOsm/kg).

Glucose accounts for about 50-60% of this urine osmolality and combined urinary Na+ + K+

concentration is in the range of 50-100 mEq/L (49-52). Only the use of electrolyte-free

water clearance rather than osmolar free water clearance correctly identifies significant

urinary free water losses (6, 53).

The eventual net loss of isotonic fluid and pure water will depend on the patient’s oral

intake. Polydipsia may drive enough water intake to nullify the free water deficit and even

on rare occasions produce hypotonicity (43). The only way to clearly recognize this situation

is to calculate the hyperglycemia corrected serum Na+
G, since a value near or less than 140

mEq/L suggests normal water balance or water excess, respectively. Functionally anephric

dialysis patients often present in this manner, as urinary water losses are negligible, while

water intake continues unabated. The therapy in this situation is primarily judicious insulin

therapy (54). Conversely, previous food and salt intake may minimize the isotonic loss and

produce a pure water deficit. In most patients with HHNK, both isotonic and free water

losses are present with a clinical constellation of hemodynamic compromise and neurologic

symptoms (43). The volume deficit can be adjudicated clinically as our patient exhibited

orthostasis and reduced GFR consistent with about a 20% fall in blood volume and ECFV.

Given our patient’s morbid obesity, TBH2O is estimated using anthropomorphic equations

(2) rather than weight based rules of thumb: total body water (L) = 2.447–0.09516 age

(years) + 0.1074 height (cm) + 0.3362 weight (kg) = 70L. Since ECF is 45% of TBH2O, the

patient’s volume deficit is about 6-6.5L (0.45 × 70L × 0.2). His pure water deficit is

calculated using hyperglycemia corrected serum Na+
G in the oft cited formula: Water

Deficit = TBH2O × [(serum Na+
G ÷ 140) − 1] (6) where the corrected serum Na+

G is 158

mEq/L (139 mEq/L + 1.7 × 11.1) with a water deficit of 9L.

Management of HHNK typically occurs in three overlapping phases: ECBV restoration,

repletion of ECF deficits and correction of hyperglycemia, and correction of free water

deficits (Figure 2). Other electrolyte abnormalities particularly TBK+ depletion should also

be addressed concurrently and partially before the administration of insulin with frank

hypokalemia (46). To avoid end-organ ischemic injury, remedy of ECBV depletion takes

precedence over correction of hypertonicity. The rate of correction is always a point of

contention, but a rational approach is to replenish plasma volume quickly and then slowly

replace the interstitial fluid as transcapillary refill reverses direction over the next 24 hours.

Since transcapillary refill replenishes 75-80% of lost vascular volume, the plasma volume

deficit is about 20-25% (100% minus 75-80%) of the total ECF deficit or around 1-1.5L.

Administration of this volume as a bolus of normal saline in the first 1-2 hours is reasonable.

Relatively robust isotonic saline administration may be continued for ECFV repletion (~5L

over 24 hours = ~200 mL/hr) and compensation for isotonic urinary losses (half of urine

volume assuming a urine Na+ + K+ about half of the serum Na+).

Low dose insulin therapy (0.1 units/kg/hour) should only be started after hemodynamic

stabilization as the resulting intracellular glucose shift will also drive extracellular fluid back

into cells further compromising ECFV (43, 46). Insulin therapy should continue until the

serum glucose is around 300 mg/dL, a slightly hyperglycemic target designed to maintain

mild hypertonicity to mitigate risk of cerebral edema (46). At this point, the insulin rate is
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lowered and solutions containing dextrose are used to avoid hypoglycemia. The rate of

dextrose infusion to keep serum glucose constant can be calculated to match the Glucose

Burn Rate: 5% dextrose infusion rate (mL/hour) ≅ average hourly change in serum glucose

(mg/dL/hour) × 0.08 × TBH2O. The required 5% dextrose infusion rate is often surprising.

A relatively low fall in serum glucose of 50 mg/dL/hour (55) in our patient requires a 5%

dextrose infusion rate of 250-300 mL/hour to simply maintain serum glucose constant.

Infusions of 10% or 50% dextrose may be used if high infusion rates are not desired.

As volume resuscitation proceeds, GFR will often recover before hyperglycemia, leading to

recrudescent polyuria. A common misconception is that isotonic saline will correct

hypertonicity since infusate tonicity is less than body tonicity. While a minor salutary effect

is possible in the short run, significant osmotic diuresis with hypotonic urine will lead to

salination and worsening hypertonicity if unattended. For example, 1L of isotonic saline

may be excreted as 2L of hypotonic urine producing a net free water loss of 1L. Thus, a

transition to hypotonic fluids is eventually necessary.

A significant rise in urine volume typically indicates improving GFR and the excretion of

hypotonic urine. 0.45% saline is useful initially to match hypotonic urine losses, continue

volume repletion, and begin free water correction. A relatively slow correction of the free

water deficit to reduce serum Na+
G by <10 mEq/day is often suggested to minimize risk of

treatment induced cerebral edema (56). Since serum Na+
G is 158 mEq/L in our patient, the

increment of 18 mEq/L should be normalized over 48 hours or more. Free water

administration of about 150-200 mL/hour in excess of on-going urinary (about ½ urinary

volume) and insensible losses (30-50 mL/hour) will be required. About 400-500 mL/hour of

half-isotonic saline will provide the equivalent of 200-250 mL/hour of free water and

isotonic saline. As euvolemia is achieved, a switch should be made to D5W at about 150

mL/hour in excess of on-going free water losses to correct residual hypernatremia (serum

Na+
G >140 mEq/L).

Table 4. Definition of Key Terms

ADH (Anti-Diuretic
hormone)

Also known as vasopression. Hormone released from posterior

pituitary primarily in response to hypertonicity and

hypovolemia.

Effective Osmoles Molecules in a solution which lead to osmotic water

movement across a semi-permeable (cell) membrane.

Examples include Na+, K+, glucose, and mannitol.

Ineffective Osmoles Molecules in a solution which do not produce water movement

since they effectively cross a semi-permeable membrane.

Examples include urea and ethanol.

Hyperosmolality Refers to lab measurement of dissolved molecules in a liter of

body fluid including both effective and ineffective osmoles.

Operationally defined as > 290 mOsm/kg in patients.
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Hypertonicity A measure of effective osmoles in a fluid compartment which

produces water movement into the given compartment.

HHNK (Hyperglycemic
Hypertonic Non-
Ketosis)

Diabetic complication typically observed in type II diabetes

mellitus characterized by severe hyperglycemia, neurologic

manifestations related to hypertonicity, and volume depletion

related to urinary sodium losses. Ketoacidosis is minimal.

Historically, HHNK was denoted as hyperglycemic

hyperosmolar non-ketosis, but hypertonicity, not

hyperosmolarity is the critical pathophysiologic feature.

ICF (Intracellular
Fluid)

Consists of all fluid volume within cells including red blood

cells.

ECF (Extracellular
Fluid)

Body water residing outside cells including plasma, secretory

fluids (intestinal, pleural, peritoneal, CSF, etc), interstitial

fluid, and connective tissue water.

TBH2O (Total Body
Water)

Sum of ICF and ECF and accounts for all body water.

TBNa (Osmotically
Active Total Body
Sodium)

Refers to body sodium which contributes to body tonicity.

Technically different from total body sodium which includes

an osmotically inactive pool of sodium residing primarily in

bone and possibly skin.

TBK (Osmotically
Active Total Body
Potassium)

Refers essentially to total body content of potassium. Very

little potassium is osmotically inactive.

ECFV (Extracellular
Fluid Volume)

The absolute amount of fluid in the extracellular fluid

compartment.

ECBV (Effective
Circulating Blood
Volume)

Term to denote an ill-defined quality of arterial filling which

often but not always parallels ECFV.

Oliguria Reduced urine output insufficient to eliminate metabolic by-

products. Often arbitrarily defined as < 400 mL/day.
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Figure 1. Schematic Representation of Body Water Compartments
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Figure 2. Body Fluid Derangements and Fluid Therapy Strategy in HHNK with Volume
Depletion & Hypertonicity
Circulating volume depletion is the overriding initial therapeutic goal followed by interstitial

fluid depletion which account for 1/4th and 3/4th of the ECFV deficit respectively.

Correction of tonicity with free water or hypotonic solutions is conducted slowly ensuring

serum Na+
G falls at a rate < 10 mEq/day.
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Table 1
Initial Laboratory Studies

Parameter Value

Blood Chemistries

   Sodium (mEq/L) 139

   Potassium (mEq/L) 4.3

   Chloride (mEq/L) 103

   Bicarbonate (mEq/L) 26

   BUN (mg/dL) 25

   Creatinine (mg/dL) 1.47 (1 month prior 0.9)

   Glucose (mg/dL) 1213

   Calcium (mg/dL) 10.5

   Serum Osmolality (mOsm/kg) 356

   Anion Gap (mEq/L) 10

Complete Blood Count

   Hemoglobin (g/dL) 17.7 (1 month prior 16.1)

   Hematocrit (%) 57  (1 month prior 48)

   WBC Count (× 103/μL) 10.2

   Platelets (× 103/μL) 202

Urine Dipstick

   pH 5.5

   Specific Gravity 1.035

   Glucose 4+

   Ketones Negative

Urine Chemistries

   Sodium (mEq/L) 54

   Potassium (mEq/L) 33

Other

   Rapid Strep Test +

Note: Conversion factors for units: urea nitrogen in mg/dL to mmol/L, × 0.357; serum creatinine in mg/dL to μmol/L, × 88.4; glucose in mg/dL to
mM, × 0.05551; calcium in mg/dL to mmol/L, × 0.2495; hemoglobin g/dL to g/L × 10. No conversion is necessary for sodium, potassium,
chloride, bicarbonate, and anion gap in mEq/L and mmol/L.
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Table 2

Body Fluid Compartments and Serum Na+ with Hypothetical 1 L Fluid Losses.

Body Fluid
Compartment

Decrease in Volume of Respective Compartment (mL)

Acute Blood
Loss

Slow Blood
Loss

Isotonic
Fluid

Pure Water Half-Isotonic
Fluid

Intracellular 400 400 0 550 275

Extracellular 600 600 1000 450 725

 Interstitial 0 1250 750 375 562.5

 Plasma 600 −650* 250 75 162.5

Blood 1000 250 250 125 187.5

Hct (%) 40 33.7 42.1 40 41

Δ Serum Na+ 0 0 0 ⇑ 3.6 mEq/L ⇑ 1.8 mEq/L

Assuming TBH2O = 40L, blood volume = 5L, baseline % Hct = 40 & serum Na+ = 140 mEq/L

*
Transcapillary refill expands plasma volume at the expense of interstitial fluid in the setting of slow blood loss.
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Table 3
Clinical Features of Volume Depletion and Hypertonicity

Volume Depletion Hypertonicity

History (34, 48)

 Altered Mentation + +++

 Orthostasis ++ 0

 Thirst + +++

Physical Examination (48, 57-61)

 Orthostatic/Supine Tachycardia ++ 0

 Diminished skin turgor ++ +

 Dry mucous membranes or axillae + +++

 Longitudinal tongue furrows + +++

 Oliguria ++ +++

Laboratory Studies (6, 48, 62)

 Hypernatremia & Plasma Hypertonicity 0 +++

 Elevated BUN +++ +

 Elevated serum creatinine ++ 0

 Elevated urine osmolality ++ +++

 Diminished urine Na+ +++ 0

 Hemoconcentration + 0

Treatment (6, 48)

 Fluid Type Isotonic Saline Free Water

 Rate of Administration Fast Slow
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