
Fluid Therapy 

Meredith ‘t Hoen, DVM, DACVECC, DECVECC 

Iowa State University 

 

Fluid therapy is one of the most commonly prescribed treatments in veterinary medicine. Although 

evidenced based recommendations for fluid therapy guidelines are lacking, a thorough 

understanding of the distribution of water and electrolytes throughout the body as well as the 

composition of various fluid types can help clinicians make educated clinical choices. 

 

Fluid distribution 

Approximately 60-70% of the body weight (in kilograms) of cats and dogs is water (TBW = total body 

water). This may vary with age, as younger animals have a somewhat higher water content and older 

animals somewhat lower. Two thirds of total body water is comprised of intracellular fluid (ICF), 

whereas the remaining 1/3 is in the extracellular space (ECF). The ECF is subdivided into the 

intravascular space (or plasma) and interstitial space, with each space containing ¼ and ¾ of the 

extracellular fluid respectively. 
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Membranes separate these compartments, and fluid movement in and out is result of hydrostatic 

and oncotic pressure. Fluid movement is explained by the Starling equation, which describes the net 

fluid movement from the capillary into the interstitium and vice versa. Hydrostatic pressure in the 

capillary causes net flow out of the vessel, while oncotic pressure in the capillary causes net flow into 

the vessel. The interstitium exerts the same forces, but to a different degree, with the end result in 

states of health being a small net movement of fluid out of the intravascular space. While this is 

helpful to conceptually understand general fluid movement, more recent research indicates that the 

historic understanding of Starling’s forces is somewhat to simplified. 

 

Fluid deficits 

Fluid deficits in the intravascular space are clinically manifested as hypovolemic shock, whereas fluid 

deficits in the interstitial space manifest as dehydration. This distinction is vital to developing a 

correct fluid therapy plan. Hypovolemic shock is characterized by tachycardia, pale mucous 



membranes, a prolonged capillary refill time (CRT), cool extremities, weak pulses and diminished 

alertness. As shock progresses, and compensatory mechanisms begin to fail, these signs worsen. Cats 

in shock may present differently than dogs; a “shocky” cat is often bradycardic, hypothermic and 

hypotensive. It is also important to remember that there are multiple types of shock, and not all are 

fluid responsive. The classic clinical signs associated with dehydration can be found in the table 

below. 

Percent 
Dehydration 

Clinical Signs 

< 5 % No clinical abnormalities detected 

5–8 % Decreased skin turgor, dry mucous membranes 

8–10 % Decreased skin turgor, dry mucous membranes, +/- eyes sunken in orbits, slight 
prolongation of CRT 

10–12 % Severe skin tenting, prolonged CRT, dry mucous membranes, eyes sunken in 
orbits, possibly signs of shock 

> 12 % All of the above plus signs of shock  

 

 Types of IV Fluids 

The two types of intravenous fluids are crystalloids and colloids. In the most basic sense, a crystalloid 

is solution sodium as its major osmotically active particle. Crystalloids are subdivided as isotonic 

(275-310 mOsm/L), hypotonic ( <275mOsm/L), and hypertonic (>310 mOsm/L) solutions based on 

their sodium content. Because isotonic crystalloid solutions have a similar makeup to cats and dogs, 

there is no osmotic drive for fluids to leave the extracellular space. They therefore distribute in the 

ECF identical to TBW, within 30-60 minutes. Isotonic crystalloids are the most commonly used fluid 

type, with examples being 0,9% NaCl, Lactated Ringers solution, and Normosol-R. Hypotonic 

crystalloid solutions have an osmolality less than the ICF or ECF, and therefore will distribute into the 

ECF and ICF in the same manner as TBW. Hypotonic solutions are not safe to use for shock 

resuscitation but can be considered as a maintenance solution (such as 0,45% NaCl +2.5% dextrose, 

or Normosol-M) or during correction of dysnatremias, among other things. Hypertonic crystalloid 

solutions have a much higher osmolality than the body, which will result in a short term (< 1 hour) 

movement of fluid from the interstitial space into the intravascular space. Hypertonic saline can be 

found as 3%, 7% and 23% solutions, with 7% being the standardly used concentration in small animal 

medicine.   

 

A colloid is a large molecule that does not leave the intravascular space unless it is broken down (as is 

the case with synthetic starch molecules but does not occur with albumin). The colloid pulls 

extravascular water into the intravascular space and will therefore increase intravascular volume by 

more than the volume infused. Colloids are either synthetic (i.e., hetastarch) or natural (i.e., fresh 



frozen plasma, albumin). Not all synthetic colloids are the same; they are described by their average 

molecular weight (MW), degree of substitution, and the ratio of substitution at the C2 carbon 

position and the C6 carbon position. These differences result in variable clinical effects and must be 

considered when reading studies evaluating colloids. Natural colloids include (fresh) frozen plasma 

and albumin but will not be discussed further in this lecture. 

 

Developing a Fluid Therapy Plan 

There are five steps to developing a comprehensive plan. 

• Determine the need for fluids: 

Fluids are administered to correct hypovolemia, provide maintenance needs, correct 

dehydration, or compensate for ongoing losses. The need to administer fluids for any of 

these scenarios is a decision based on the history and clinical examination of each patient. 

The priority it to correct hypovolemia, which should be done immediately. Once the patient 

is stable, maintenance, dehydration and ongoing losses are calculated. 

• Select appropriate fluids: 

Hypovolemia is generally treated using isotonic (and sometimes hypertonic) crystalloids. 

When using isotonic crystalloids, a balanced solution containing buffers should be used. 

Synthetic colloids may be considered if a patient fails to respond to crystalloid fluids, but 

there is currently debate as to whether the potential risks to synthetic colloids outweigh 

their benefits and they should not be routinely used. Crystalloids are the fluid type 

administered for maintenance, dehydration and ongoing losses. An isotonic crystalloid is 

generally a safe choice for all three, but the clinician should always consider the type of fluid 

that is being lost in each patient. Isotonic fluid is commonly lost via diarrhea and vomiting, 

but occasionally free water loss is suspected, such as via the kidneys or GI tract. Additionally, 

fluid choices should be made based on patient electrolyte concentrations, especially sodium 

and potassium. Replacement isotonic crystalloid solutions are the most commonly available 

in veterinary medicine and have a relatively high concentration of sodium and low 

concentration of potassium. The opposite is the case with maintenance solutions, which 

contain less sodium and more potassium than replacement fluids. It is common practice to 

use replacement fluids in the context of maintenance therapy. The differences in 

composition of all crystalloid fluids is outside the scope of this discussion, but the author 

recommends that clinicians are familiar with the components of the fluids available in their 

hospital. Particular care should be made to not correct hypo- or hypernatremia too rapidly, 

unless it is clearly known to be acute. 

• Determine route and rate of administration: 



Fluids can be administered intravenously, intraosseously, subcutaneously and 

intraperitoneally. In the context of emergency medicine, only the IV and IO routes are 

recommended and these two can be used in the same manner. Shock should be corrected as 

soon as possible, with boluses being administered over approximately 15 minutes (although 

this can be adjusted based on the clinical picture). Maintenance fluids should be given over a 

24 hour period and dehydration is usually corrected over the course of 6-24 hours. Ongoing 

losses should be calculated several times daily, with the rate of correction being adjusted 

based on fluid loss. There are a variety of formulas used to calculate fluid needs, with the 

ones listed below being fairly standard. 

 

Isotonic crystalloids 

Hypovolemic shock 

 Dogs: 20ml/kg bolus, repeated as needed 

 Cats: 10ml/kg bolus, repeated as needed 

Maintenance 

 Dogs: 60ml/kg/day 

 Cats: 40-60ml/kg/day 

 RER = (30 x kg) + 70 

 RER = 70 (kg) 0.75  (<2kg or >20kg) 

Dehydration 

 % dehydration (0.0x) x BW (kg) x 1000 = mL to replace 

Ongoing losses 

 Estimated or quantified via measuring urine, fecal and gastric losses. Losses from 

fever or via the respiratory tract are difficult to quantify. 

 

• Determine endpoint: 

When initiating fluid therapy, the clinician should always have an end goal in mind. Once that 

goal is achieved, the plan needs to be reassessed. Resuscitating to end points during 

treatment of shock is a useful clinical approach. When starting a fluid bolus, the clinician 

should always have a goal in mind as to what they want to achieve with their fluid therapy 

(i.e. normalizing heart rate). If that goal is not reached, then further fluids or other measures 

(such as vasopressors) may be needed. As we correct dehydration, it is logical that the 

correction fluids should be stopped once the dehydration is resolved. As ongoing losses 

decrease (hopefully) with treatment of the underlying disease, these too need to be 

decreased and then stopped. And as enteral feeding (either voluntarily or via a feeding tube) 

is begun, maintenance fluids can also be decreased and/or stopped. It is vital to stop 



administering fluids once a predetermined endpoint has been reached, but to also identify 

patients that have increasing fluid needs in spite of our treatment. 

• Monitoring: 

Every patient receiving IV fluids should be monitored very closely, ideally multiple times per 

day, to ensure they are receiving the correct amount of fluids. Fluid requirements can change 

rapidly in critically ill patients, and if we are not vigilant it is easier than we realize to give too 

many or too little fluids. This means that each patient needs a physical examination to assess 

their perfusion parameters and to rule out signs of hypovolemia. Blood pressure 

measurements and lactate levels are other tools that can be used. Additionally, hydration 

status should be monitored closely. Body weight, urine output and urine concentrating 

ability can also be used to assess hydration status in addition to laboratory parameters such 

as hematocrit and total protein. However, there is not one single parameter that can be used 

to determine the fluid status of a patient, and they must all be combined in order to see the 

big picture. 

 
Clinical signs of fluid overload 

The clinical signs of fluid overload (FO) are classically described as peripheral edema (often forming 

near the hocks first), nasal discharge, tachypnea, pulmonary crackles, chemosis, moist cough, 

effusions, and icterus. These signs are all consistent with the development of interstitial edema in 

various organ systems and are the signs most easily clinically detected on physical examination. 

Patients at risk for fluid overload should have serial physical examinations to monitor for progression 

of any of these signs. Serial body weight measurement may demonstrate weight gain. Tachypnea will 

precede the development of crackles or a cough, so identifying increases in respiratory rate is an 

effective way to identify pulmonary interstitial edema at earlier phases. FO can result in edema and 

dysfunction of any organ. Therefore, clinical signs are varied and often related to dysfunction of that 

specific organ. It can be clinically difficult to identify FO as the exact cause of specific organ 

dysfunction and the cause of organ dysfunction in critically ill patients is often multifactorial. 

Identification of organ dysfunction in any critically ill patient should prompt the clinician to consider 

whether FO may be a contributing factor.  
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