
2024 AAHA Fluid Therapy Guidelines for Dogs
and Cats
Mariana Pardo, BVSc, MV, DACVECC✝, Erin Spencer, MEd, CVT, VTS (ECC)✝,
Adesola Odunayo, DVM, MS, DACVECC, Mary L. Ramirez, DVM, DABVP (Canine and Feline),
Elke Rudloff, DVM, DACVECC, cVMA, Heidi Shafford, DVM, PhD, DACVAA, Ann Weil, DVM, MS, DACVAA,
Ewan Wolff, DVM, PhD, DACVIM (Small Animal Internal Medicine)

ABSTRACT

Fluids are drugs used in veterinary patients capable of producing beneficial therapeutic or inadvertent harmful effects within

the body’s intravascular, interstitial, and intracellular fluid spaces. The individualized design of a fluid therapy plan requires

careful patient assessment and targeted selection of proper fluid types, administration routes, and rates, along with adjust-

ments during therapy tailored specifically as per the individual patient’s fluid requirement and therapeutic response. Personal-

ized fluid prescriptions and vigilant patient monitoring help avoid patient morbidity from body fluid deficiencies, fluid excess,

and electrolyte derangements and support better patient outcomes. These guidelines provide an overview of fluid dynamics

within the fluid spaces of the body, describe various types of fluids and their uses, and outline recommendations for fluid

administration for resuscitation, rehydration, and maintenance purposes. The guidelines also outline approaches to fluid ther-

apy for anesthetized patients and reiterate the recommendations of reduced fluid rates in this population of patients. Addi-

tionally, the guidelines include practical fluid therapy strategies for patients with various common disorders. The goal of

these guidelines is to help veterinary professionals safely and effectively prescribe and administer fluid therapy for canine

and feline patients. (J Am Anim Hosp Assoc 2024; 60:131–163. DOI 10.5326/JAAHA-MS-7444)
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the American Animal Hospital Association. This document is intended as

a guideline only, not an AAHA standard of care. These guidelines and

recommendations should not be construed as dictating an exclusive

protocol, course of treatment, or procedure. Variations in practice may

be warranted based on the needs of the individual patient, resources,

and limitations unique to each individual practice setting. Evidence-

guided support for specific recommendations has been cited whenever

possible and appropriate. Other recommendations are based on

practical clinical experience and a consensus of expert opinion. Further

research is needed to document some of these recommendations. Drug

approvals and labeling are current at the time of writing but may change

over time. Because each case is different, veterinarians must base their

decisions on the best available scientific evidence in conjunction with

their own knowledge and experience.
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AKI (acute kidney injury); CPP (cryoprecipitate-poor plasma); CPR

(cardiopulmonary resuscitation); CRI (continuous rate infusion); CRT

(capillary refill time); CSA (canine-specific albumin); FWD (free water

deficit); GFR (glomerular filtration rate); IO (intraosseous); KCl

(potassium chloride); SC (subcutaneous); TBI (traumatic brain injury);

TVI (total volume infused); VTBI (volume to be infused)
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Section 1: Introduction
Fluid therapy is a common aspect of veterinary patient care, required

for a wide range of clinical conditions spanning from relatively mild

cases (e.g., short-term inadequate voluntary intake from acute gastri-

tis) to more moderate conditions (e.g., chronic kidney disease) to

life-threatening emergencies (e.g., substantial volume loss and

shock). When prescribed and administered correctly, fluid therapy

can be one of the most beneficial treatments available in veterinary

medicine. However, achieving desired therapeutic outcomes, rather

than administering fluids with no effect or that worsen the problem,

requires an understanding of the physiologic factors that influence

body fluid movement and electrolyte balance. Refining this knowl-

edge to create tailored therapeutic plans for each patient can be chal-

lenging, yet it proves to be a satisfying endeavor in enhancing patient

recovery.

These guidelines offer an overview of the body’s fluid dynamics

and provide practical recommendations for selecting fluids, calculat-

ing administration rates, and choosing administration routes in dogs

and cats for the purposes of resuscitation, rehydration, and mainte-

nance. The guidelines also cover fluid therapy recommendations for

anesthetized patients, patients with common conditions, and those

with disorders presenting special fluid therapy challenges. Addition-

ally, these guidelines detail patient monitoring parameters, highlight

methods to prevent fluid overload, describe fluid delivery options,

and address controversies and misconceptions in fluid therapy.

Online resources include case examples and answers to frequently

asked questions.

Section 2: General Fluid Therapy Principles
Top Three Takeaways
1. Fluids are drugs and must be prescribed accordingly to achieve the

desired therapeutic goals promptly and minimize complications.
2. Each body fluid compartment—intracellular, interstitial, and

intravascular—may require a different fluid prescription tailored to
a patient’s individual needs.

3. Arbitrarily assigning a fluid rate or dose can contribute to patient
morbidity and mortality and lead to missed fluid therapy goals.

Overview
Fluid therapy involves administering prescribed fluids to restore a

patient’s body fluid homeostasis. As with any medication, the

pharmacokinetics and pharmacodynamics of each fluid must be con-

sidered to attain therapeutic goals and minimize complications.

However, fluid therapy alone cannot fix every abnormality, and using

a standardized fluid rate for all patients can result in patient morbid-

ity (see Box 1). To prescribe effective fluid therapy, veterinarians

must have a basic understanding of the body’s fluid compartments

and how water is distributed among them.

Definitions
Dehydration—A condition in which the body loses more fluids than it takes in, resulting in an imbalance of water and

electrolytes.

Euvolemia/euvolemic—Normal balance and distribution of total body water.

Fluid overload/fluid intolerance—A clinical spectrum that spans from hypervolemia to life-threatening edema and cavitary effu-

sions. The guidelines task force has proposed that fluid intolerance may be the more appropriate term for this condition, as this

term more accurately describes how the amount of fluid needed to overload a patient is dependent on their tolerance for a given

amount of fluids. “Fluid intolerance” thus encompasses both iatrogenic overload and overload due to underlying comorbidities.

However, given that “fluid overload” is still widely used and recognized within the veterinary medical profession, it will be the pri-

mary term used in these guidelines to refer to this condition.

Hypervolemia/hypervolemic—Increased fluid volume within the vascular space. Hypertension is not usually an indication of

hypervolemia (except when renal disease is present).

Hypovolemia/hypovolemic—Decreased fluid volume within the vascular space.

Maintenance fluids—Crystalloid solutions formulated with electrolyte concentrations to meet a patient’s daily requirements.

Replacement fluids—Crystalloid fluids intended to replace lost body fluids and electrolytes.

Total body water—The total amount of water contained in three mammalian body compartments: intracellular (67%) and extra-

cellular (33%), which is further divided into interstitial (25%) and vascular (or intravascular) (8%) spaces.
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Fluid Distribution and Flow Among the Three Primary
Fluid Compartments
The three main body compartments in mammals contain water. The

intracellular and extracellular fluid compartments contain 67% and

33% total body water, respectively (Figure 1), and these sections are

separated by cell membranes. The extracellular fluid compartment is

further divided into interstitial (25% of the total body water, or 75%

of the extracellular body water) and vascular (8% of the total body

water, or 25% of the extracellular body water) compartments, and

capillary walls separate these spaces (Figure 1).

Fluid intake by any route can affect the body fluid compart-

ments. Administered fluids move between compartments based on:

� Tonicity of the fluid
� Tonicity of the patient’s extracellular compartment
� Size of any macromolecules in the administered fluid

Sodium is the most abundant cation in the extracellular fluid

compartment and is the most important molecule that supports

extracellular tonicity. A fluid given IV that contains a sodium

concentration similar to that of the extracellular fluid compartment

will redistribute within 45 min based on a compartment’s percent

total body water; i.e., in a normal animal, 25% of the administered

fluid will remain in the intravascular space and 75% will move into

the interstitial space. Fluid movement across the endothelial mem-

brane depends on the contents of the administered fluid and the

condition of the patient’s capillary membrane. The modified Star-

ling hypothesis describes how fluid moves across the capillary

membrane (Figure 2). Hydrostatic pressure, colloid osmotic pres-

sure, and vascular permeability influence fluid movement.1,2

When increased capillary membrane permeability, elevated intra-

vascular hydrostatic pressure, or decreased plasma colloid osmotic

pressure occurs, more isotonic fluid can pass into the interstitium or

body cavity and cause tissue edema, effusion, or both.

Administering a hypertonic fluid IV will cause water to move

from the interstitial and intracellular spaces into the intravascular

space. This can be desirable for rapid intravascular volume resuscita-

tion. However, for this strategy to succeed, the interstitial and

intracellular spaces must already be adequately hydrated. When

administered IV, a hypotonic fluid will cause water to move from

the extracellular space into the intracellular space, which is a suitable

approach when treating a solute-free water deficit.

Goal-Directed Fluid Therapy
Goal-directed fluid therapy requires creating a fluid prescription that

replaces fluid deficits that may exist in each fluid compartment, using

the following steps:

1. Recognize which fluid compartment deficit(s) exists.
2. Understand which fluid type and administration route will best

replace each deficit.
3. Calculate the fluid dose and administration rate.
4. Monitor patients for response to therapy and signs of complications.3–5

Box 1: One Fluid Rate Does Not Fit All
A common misconception is that administering fluids at

twice the maintenance rate will adequately treat most veteri-

nary patients in need of fluid therapy. However, this

approach may be inappropriate or inadequate in several sce-

narios, as shown in the following examples:

• Interstitial dehydration. Using a twice maintenance fluid

administration rate would take approximately 33 hr to

rehydrate a patient who has 5% interstitial dehydration,

far longer than the recommended 12–24 hr.

• Uremia due to acute kidney injury (AKI). The primary goal in

treating AKI is to ensure adequate renal perfusion and match

the kidney’s ability to handle fluid volumes. The fluid input rate

for normovolemic patients should be determined based on fluid

output (see Section 5, Fluid Therapy in Ill Patients).

• Intoxications. Administering an increased hourly fluid

volume to force diuresis and urine output may not

increase toxin excretion and can result in fluid overload.

For example, although some animals with nonsteroidal

anti-inflammatory drug (NSAID) toxicity may benefit

from fluid therapy to treat dehydration or hypovolemia,

high fluid rates (also known as forced diuresis) do not

accelerate elimination of NSAIDs because most NSAIDs

are highly protein-bound.
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Normal distribution of body water
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Assessing Patients: General Principles Before and
During Fluid Therapy
The extracellular fluid compartment (i.e., the vascular and interstitial

spaces) must have adequate volume before intracellular fluid com-

partment deficits can be addressed. Therefore, assess and address

alterations in volume homeostasis in the following order:

1. Assess the intravascular fluid space by evaluating:
� Patient history
� Perfusion parameters (mentation, heart rate, capillary refill time,

mucous membrane color, extremity temperature, skin turgor,
and pulse quality)

� Monitored parameters (blood pressure, electrocardiogram
findings)

� Laboratory test results (Table 1)
� Diagnostic imaging findings (Tables 1, 2)

2. Assess the interstitial space by evaluating:
� Patient hydration parameters (Tables 3–5)

3. Assess the intracellular space by evaluating:

� Patient sodium concentration
� Solute-free water deficit (FWD) (Box 2)

Replace deficits and monitor response
To replace extracellular fluid space deficits (i.e., vascular and intersti-

tial fluid space deficits):

� Administer a buffered isotonic crystalloid fluid that contains a
sodium concentration similar to the patient’s.

� For rapid intravascular volume replacement, a hypertonic crystal-
loid, a colloid solution, or both can also be used.4

� Closely monitor patient parameters until fluid homeostasis is
achieved and maintained (Tables 1, 3–5).

� Monitoring may also be achieved by assessing the relative variation
in the caudal vena cava during one respiratory cycle using ultraso-
nography and calculating the Caudal Vena Cava Collapsibility
Index.6,7 See Table 6 for some conditions that pose additional chal-
lenges in addressing individual fluid compartment needs. For more
information on addressing fluid therapy challenges, see Section 5,
Fluid Therapy in Ill Patients.

Plasma

Endothellum Intercellular  cleft

Interstitium

Pi
i

cPc

g Subglycocalyx  space

Glycocalyx

FIGURE 2

Modified Starling hypothesisa

Modified Starting hypothesis of fluid flux across the capillarymembrane. Filtration force5 ([Pc - Pi] -s [pp -pg]). Pc, Capillary hydrostatic pressure;

Pi, Interstitial hydrostatic pressure; pp, plasma oncotic pressure; pi, interstitial oncotic pressure; pg, glycocalyx oncotic pressure
a Reprinted from Silverstein DC and Hopper K, eds., Small Animal Critical Care Medicine, 3rd ed., Waddell L., Colloid osmotic pressure

and osmolality, p. 1055, Elsevier (2022), with permission from Elsevier.

Box 2: Calculating Free Water Deficit
Free Water Deficit (FWD) in Liters (L) 5 [Patient Na/Desired Na) -1] 3 (0.6 3 Weight [kg])

Na, Sodium
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TABLE 1

Intravascular Volume Assessment

�Usually occurs in conjunction with signs of overhydration of the interstitial space (see Tables 4 and 5).

TABLE 2

Stages and Clinical Signs of Hypovolemic Shock

CRT, capillary refill time; MM, mucous membrane
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TABLE 3

Estimated Interstitial Dehydration (%) Based on Physical
Examination Findingsa

Note: There is substantial clinical variation in the correlation between clinical signs
and degree of dehydration, so this is an estimate only.
aReprinted from Silverstein DC and Hopper K, eds., Small Animal Critical Care
Medicine, 3rd ed., Rudloff, E, Assessment of hydration, p. 1054-58, Elsevier (2022),
with permission from Elsevier.�Xerostomia can be present in AKI and CKD patients without dehydration.��Retracted globes may also be present.

TABLE 4

Extracellular Hydration Status Assessment Parameters and
Expected Changes from Baseline in Patients Receiving Hypo- or
Over-hydrationa

a Reprinted from Silverstein DC and Hopper K, eds., Small Animal Critical Care
Medicine, 3rd ed., Rudloff, E, Assessment of hydration, p. 1054-58, Elsevier (2022),
with permission from Elsevier.

TABLE 5

Additional Clinical and Diagnostic Findings That May Indicate
Overhydration/Fluid Overload

TABLE 6

Conditions That Pose Challenges When Addressing Individual
Fluid Compartment Needs
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Section 3: Fluids for Replacement and
Maintenance
Top Three Takeaways
1. Calculate fluid requirements based on three main phases of fluid

therapy: resuscitation, rehydration, and maintenance. The adminis-
tration route depends on the severity of the patient’s fluid deficit
and their ability to take in fluids orally. When possible, enteral
routes should be used.

2. Use replacement fluids, also called isotonic crystalloids, to treat
hypovolemia and dehydration, keeping in mind that each condition
requires different strategies. Hypovolemic patients require immedi-
ate intravascular volume replacement delivered as one or more
small IV or intraosseous (IO) fluid boluses over 15–30 min. Dehy-
drated patients require sustained fluid delivery over 12–24 hr.

3. Use maintenance fluids, also referred to as hypotonic crystalloids, to
provide daily fluid requirements in patients with inadequate fluid
intake. Using isotonic crystalloids to meet maintenance fluid needs
can lead to electrolyte derangements in patients.

Overview
When developing a replacement or maintenance fluid therapy plan,

tailor the fluid type, volume, administration route, and administra-

tion rate to each patient. Keep in mind that evaluating a patient’s

fluid balance is not a one-time event. As the patient’s clinical status

progresses, adjust the fluid prescription to meet ongoing needs,

response to therapy, and the course of the disease.8

Hypovolemia and dehydration are two related medical condi-

tions that involve a deficiency of fluids in the body and require

replacement fluid therapy. Although these conditions share similari-

ties, there are distinct differences between them, and fluid adminis-

tration strategies differ.

Patients with an intravascular volume deficit, or hypovolemia,

require rapid IV fluid replacement. On the other hand, patients with

fluid deficits from inadequate fluid intake and ongoing losses, or

dehydration, need slow, sustained fluid deficit replacement, allowing

the interstitial and intracellular compartments to reabsorb these

fluids. Once patients are adequately hydrated and euvolemic, they

may only require maintenance fluid therapy if they are unable to

maintain fluid homeostasis through oral ingestion.

Managing Hypovolemia
Hypovolemia refers to a decreased volume of circulating blood,

which results in reduced tissue perfusion. It occurs when both fluid

and electrolytes are lost, leading to a decrease in total blood volume

in the circulatory system (Figure 3). Hypovolemia can be caused by

various factors, such as excessive bleeding, severe burns, severe diar-

rhea or vomiting, kidney disease, or inadequate fluid intake. Para-

meters to detect hypovolemia are listed in Table 2.

Immediate medical attention is crucial for hypovolemic patients

because untreated hypovolemia can lead to serious complications.

Treatment entails administering IV fluids to restore the blood vol-

ume and addressing the underlying cause.

Correct hypovolemia by administering a buffered isotonic fluid

bolus of 5–10 mL/kg (cats) and 15–20 mL/kg (dogs) over 15–30 min.

The boluses can be repeated if the desired hemodynamic and perfu-

sion goals have not been achieved and the patient remains hypovole-

mic (Figure 4).

Managing Dehydration
Dehydration is a condition in which the body loses more fluids than

it takes in, resulting in an imbalance of water and electrolytes

(Figure 5). Inadequate fluid intake, excessive panting in dogs, vomit-

ing, diarrhea, or medical conditions such as diabetes can cause dehy-

dration. Parameters to detect dehydration are listed in Table 3.

Depending on the degree of dehydration, it can usually be man-

aged by replenishing lost fluids through oral rehydration or subcuta-

neous (SC) fluid administration. IV fluid administration is preferred

in severe cases of dehydration or in patients who cannot tolerate oral

fluid administration.

Dehydration can be corrected by calculating the fluid deficit

(Box 3) based on the degree of dehydration (Table 3) and adminis-

tering fluid therapy over 12–24 hr (Figure 6).

Managing Hypovolemia and Dehydration
In cases in which both hypovolemia and dehydration are present

(Figure 7), address hypovolemia first, then rehydration (Figure 8).

Both fluid prescriptions should include concrete endpoints to moni-

tor to identify when hypovolemia and dehydration have resolved

(Table 7). Additionally, ultrasonographic evaluation of cardiac cham-

bers and the caudal vena cava (Caudal Vena Cava Collapsibility

Index) may be used as valid assessments of fluid responsiveness.9

Selecting Fluids for IV Administration
To prescribe appropriate IV fluid therapy, many factors must be con-

sidered, including a patient’s age, current and underlying medical

conditions (e.g., renal or cardiac impairment, hypoproteinemia),

fluid and electrolyte balance, and other specific needs (see Section 5,

Fluid Therapy in Ill Patients). These factors influence the choice of

IV fluid type and whether adjustments are needed in the fluid’s com-

position or administration rate.

Box 3: Calculating the Fluid Deficit
Fluid Deficit (mL) 5 Body Weight (kg) 3 % Dehydration

(as a decimal)
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FIGURE 3

Hypovolemia results in a decreased volume within the vascular

space. Acute hypovolemia primarily affects this compartment. As

the severity and duration of hypovolemia persist, it can affect other

compartments as well.
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FIGURE 4

Treatment of hypovolemia requires rapidly delivering fluid into the

vascular space to restore the effective circulating volume.
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FIGURE 5

Dehydration results in a decreased volume within the interstitial space.
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FIGURE 6

Treating dehydration requires slow, sustained delivery of intravas-

cular fluids, which will be slowly absorbed into the interstitial space

over 12-24 hours. Subcutaneous and oral routes are not depicted;

however, these routes also correct dehydration.
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FIGURE 7

Dehydration results in a decreased volume within the interstitial

space. As dehydration worsens, it can affect the vascular and intra-

cellular compartments as well, leading to dehydration with concur-

rent hypovolemia.
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FIGURE 8

Treatment of severe dehydration and hypovolemia requires a two-fold

strategy. First, correct hypovolemia by rapidly delivering intravascular

fluids and restoring the effective circulating volume. Once the hypovole-

mia has resolved, address dehydration with the slow and sustained

delivery of intravascular fluids administered over 12-24 hours.
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Crystalloids

Crystalloid solutions are the most common type of fluid used, and

these can be classified as replacement or maintenance solutions. The

composition of replacement solutions resembles that of the extracel-

lular fluid (Table 8). Maintenance solutions contain less sodium and

more potassium than replacement fluids (Table 8).10

Maintenance versus replacement fluids
Using the term “maintenance fluids” to refer to a fluid adminis-

tration rate is a common misnomer. Instead, the term refers to a classi-

fication of crystalloid solutions formulated with different electrolyte

concentrations to meet a patient’s daily requirements. Replacement

fluids (e.g., lactated Ringer’s solution) are intended to replace lost body

fluids and electrolytes (Table 8). Replacement fluids are frequently

used interchangeably to meet replacement and maintenance needs—

where clinicians supplement replacement fluids with potassium or dex-

trose to approximate maintenance requirements. Using replacement

fluids long term instead of maintenance fluids may predispose patients

to sodium derangements and hypokalemia.11 Although there is no evi-

dence that using replacement fluids as maintenance fluids has short-

term detrimental effects, it is important to refer to these fluids correctly

and ensure that patient maintenance needs (electrolyte composition

and volume administered) are properly met.

Sodium concentration
Always consider a patient’s sodium concentration. Dogs have a

lower average sodium concentration (�145 mEq/L) compared with

that of cats (�155 mEq/L),12 and pediatric patients may have slightly

lower sodium concentrations than adults. Although point-of-care blood

analysis facilitates obtaining quick results, it may not always be available

in cases in which immediate fluid resuscitation is required. In situations

in which sodium concentration is unknown, the best fluid choice is a

buffered isotonic fluid. Once the sodium concentration is obtained,

adjust the fluid choice to better reflect the patient’s needs (Table 8).

Calculating Fluid Requirements
Divide the fluid therapy plan into resuscitation, rehydration, and

maintenance rates (Table 9) as follows:

Total Fluid Requirement 5 resuscitation rate

1 rehydration rate ðinclude ongoing lossesÞ
1 maintenance rate:

Several formulas are available to calculate fluid requirements,13 and

there is no evidence that one is superior to another.14 Regardless of

the formula used, customize the fluid plan to each patient, and adjust

it based on patient monitoring findings and ongoing losses.

Selecting Fluid Administration Routes
The choice of fluid administration route depends on the severity of

the fluid deficit and the patient’s ability to take fluids orally or via a

feeding tube. Hypovolemia always requires IV or IO fluid delivery.

However, dehydration can be corrected through IV, SC, or enteral

fluid administration, or a combination of these routes.

TABLE 7

Endpoints toMonitor for Hypovolemia and Dehydration

Fluid Status Hypovolemia Dehydration

Initial parameters (See Table 2) (See Table 3)

Initial treatment 
strategy

• 5-10 mL/kg (cat), 15-20 mL/kg (dog) of a 

• Assess perfusion parameters at the end of 

each bolus.

• Calculate replacement volume and deliver over 

12–24 hours.

• Assess patient parameters throughout the fluid 

delivery period with the goal of correcting the full 

dehydration deficit within 12–24 hours.

End points • Improvement in heart rate, CRT, blood 

pressure, and mentation

• Improved skin turgor, mucous membranes, and 

urine specific gravity and increased body weight 

and urine output

End point 
treatment 
strategy 

• If vitals have returned to normal, then assess 

if dehydration needs to be addressed and 

continue with a rehydration fluid plan. 

• If vitals have improved but not normalized, repeat 

the same or lower-volume bolus and reassess. 

• If end points have returned to normal, then 

assess if oral ingestion is possible. If not, continue 

with maintenance fluid plan. 

• If dehydration has not completely resolved, 

recalculate fluid requirements and deliver over an 

additional 12–24 hours. 

CRT, capillary refill time
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TABLE 8

Composition of Commonly Used Crystalloids1,2–4

1. Rudloff E, Hopper K. 2021. Crystalloid and colloid compositions and their impact. Frontiers in Veterinary Science. 8:639848.
2. Strandvik GF. 2009. Hypertonic saline in critical care: a review of the literature and guidelines for use in hypotensive states and raised intracranial pressure. Anaesthesia.
64(9):990-1003
3. Holden D, et al. 2023. Hypertonic saline use in neurocritical care for treating cerebral edema: A review of optimal formulation, dosing, safety, administration and storage.
American Journal of Health-System Pharmacy. 80(6):331-342.
4. Carr CJ, et al. 2021. An audit and comparison of pH, measured concentration, and particulate matter in mannitol and hypertonic saline solutions. Frontiers in Neurology.
12:667842.
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Selecting IV and IO Routes

The IV and IO administration routes are preferred in patients with

severe fluid deficits, acute fluid losses, and perfusion deficits, as well

as in patients with minimal or no oral or enteral fluid intake. These

routes allow for rapid dispersion of fluid and electrolytes, ensuring

precise dosage and safe delivery of large fluid volumes and hyper-

tonic fluids.

The IO route is typically used in patients for whom IV access is

not possible and serves as a bridge for resuscitation until an IV cath-

eter can be placed. However, IO infusion rates are more limited than

IV infusion rates; for example, the humerus and femur sites allow IO

catheter infusion rates of up to 1 mL/kg/min.15

Selecting the SC Route

The SC route is preferred for outpatient fluid therapy or for patients

receiving fluids via multiple routes (e.g., IV fluids during day hospi-

talization and SC fluids during the night). However, evidence-based

information is lacking regarding ideal patient selection for SC fluid

therapy, the optimal SC infusion volume and treatment frequency,

and the possible adverse effects of SC fluids.13 Table 10 provides

empirical recommendations for SC fluid therapy.

To estimate the patient’s percent dehydration and calculate main-

tenance fluid requirements, follow the recommendations outlined

above. It is important to avoid prescribing SC fluids for euhydrated

patients because there is no evidence that such therapy is beneficial,

TABLE 9

Fluid Therapy Dosing According to Stage of Fluid Requirements

BW, body weight

TABLE 10

Empirical Subcutaneous Fluid Therapy Recommendations

Subcutaneous Fluid Dose Frequency Type of Fluid Comments

20–30 mL/kg Once or 

twice a day

• Lactated Ringer’s, Plasma-Lyte, or 

Normosol R

• 0.9% NaCl has a low pH and may 

be painful. Avoid SC use. 

• Deliver to multiple sites 

depending on volume and skin 

elasticity. Maximum amount is 

10–20 mL/kg per site. 

SC, subcutaneous
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and it may be detrimental in patients that have challenges in body fluid

homeostasis (e.g., underlying cardiac disease and hypoproteinemia).

Use a new fluid administration set and fluid bag for each individual

patient.

Selecting Enteral Administration

Whenever possible, use the enteral administration route. Enteral

fluids are often underused and should be an integral part of the fluid

therapy plan if patients can tolerate oral liquids. Placement of feeding

tubes can aid in providing enteral fluids in anorexic patients and

should be considered as part of an overall fluid therapy plan.

Enteral fluids can be used exclusively to correct mild dehydration

in patients with inadequate fluid intake or to supplement parenteral

administration routes. First, estimate the patient’s percent dehydration

and then calculate maintenance fluid requirements as usual. Liquid

diets and oral water can be delivered through voluntary intake or

feeding tubes (e.g., nasogastric and esophagostomy). Enteral adminis-

tration may be particularly useful in dehydrated patients who cannot

tolerate IV fluids (i.e., patients with cardiac disease or hypoproteine-

mia). If a feeding tube is present, deliver enteral fluids as intermittent

boluses or as a continuous infusion with a fluid pump. Take care to

label oral fluids appropriately to avoid connection errors that may

lead to accidental administration of water or a liquid diet into a

patient’s vascular space.

Section 4: Fluid Therapy and Anesthesia
Top Three Takeaways
1. Most healthy animals undergoing elective surgery do not require

fluids in the postoperative period. Instead, early return to eating
and drinking is recommended.

2. Patients who have not been eating before anesthesia may need post-
operative fluid therapy until they can voluntarily consume enough
to meet their needs. For patients who are not expected to eat well
after surgery, such as geriatric cats, SC fluids can be considered for
use at home.

3. In patients with renal disease (specifically, those in International
Renal Interest Society stage 3 or 4), do not attempt to rectify hypo-
tension by using excessive fluid infusion rates.

Overview
Fluid therapy is recommended in patients undergoing general anes-

thesia primarily to counteract the vasodilation and decreased cardiac

output induced by inhaled anesthetics, as well as to uphold catheter

patency. Before the publication of the 2013 AAHA/AAFP Fluid Ther-

apy Guidelines for Dogs and Cats, the recommended fluid adminis-

tration rate during anesthesia was 10 mL/kg/hr, lacking a foundation

of evidence.16 However, excessively high-volume fluid rates predis-

pose anesthetized patients to an increased risk of volume overload

and its associated consequences. The 2013 guidelines recommended

reducing fluid rates in anesthetized patients to 5 mL/kg/hr in dogs

and 3 mL/kg/hr in cats.17 Although these reduced administration

rates have not undergone formal study, they have been widely

accepted and implemented in clinical practice.

Goals for Fluid Therapy in Anesthetized Patients
The following section covers important facets of fluid administration

before, during, and after anesthesia, including mechanisms to

address hypotension and avoid fluid overload. (For more informa-

tion on the anesthetized patient, see the 2020 AAHA Anesthesia and

Monitoring Guidelines for Dogs and Cats, available at aaha.org.)

1. Consider potential fluid deficits (e.g., losses from dehydration, fast-
ing, insensible losses, or anticipated fluid losses during surgery).18

Whenever feasible, aim to correct 80% of a patient’s dehydration
deficit within the 24 hr before anesthesia.

2. For most patients, it is unnecessary to withhold water before anesthesia.
3. Place IV catheters in all patients undergoing anesthesia.
4. Administer balanced isotonic crystalloid fluids using the following

guidelines:
a. Initial fluid rate of 5 mL/kg/hr in dogs with normal cardiac and

renal function.
b. Initial fluid rate of 3–5 mL/kg/hr in cats with normal cardiac

and renal function.
5. IV fluids can be beneficial for maintaining catheter patency and

supporting cardiovascular function. However, euhydrated, euvole-
mic patients receiving injectable anesthetics for short periods gener-
ally do not require IV fluids. Food and water should be offered as
soon as possible after recovery, but SC fluids can be given to
patients who do not return to eating and drinking immediately. Pri-
oritize the correction of hypovolemia and dehydration before gen-
eral anesthesia whenever possible.

6. To ensure proper tissue perfusion, maintain a minimum mean arte-
rial blood pressure of 60 mm Hg.

Managing Hypotension

Hypotension is a common complication of general anesthesia involv-

ing inhaled anesthetics (Figure 9).19–21 Both absolute hypovolemia

(e.g., due to hemorrhage) and relative hypovolemia (e.g., stemming

from trauma, sepsis, or the use of anesthetics and vasodilatory drugs)

can also contribute to hypotension. In cases of hypotension during

anesthesia, begin by adjusting excessive vaporizer settings and judi-

ciously administering crystalloid fluids.

1. Assess every patient’s anesthetic depth carefully. Small reductions in
inhalant anesthetic administration (i.e., vaporizer settings) can sub-
stantially affect blood pressure and make the difference between
normotension and hypotension.

2. Monitor the patient’s heart rate. Bradycardia can contribute to hypo-
tension in anesthetized patients. If the heart rate is lower than normal
and the patient is hypotensive, consider anticholinergic therapy.

3. Evaluate body temperature. Decreased body temperature or hypo-
thermia can cause hypotension. Open body cavities and breathing
in cold gases from the anesthesia machine can both lead to a
decrease in body temperature. Increasing body temperature will
help improve hypotension.
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4. Consider the concurrent administration of additional analgesics,
sedatives, or a combination of both to help reduce the requirements
for inhalant anesthetics requirements, as well as the use of regional
or local anesthetics.

5. Administer balanced isotonic crystalloid fluids when using inhalant
anesthetics:
i. 5 mL/kg/hr for dogs
ii. 3–5 mL/kg/hr for cats

6. If hypotension persists despite adjusting vaporizer settings and pro-
viding crystalloid fluids, then consider sympathomimetic drug ther-
apy with inotropes or vasopressors or colloid fluid therapy.

7. If hypotension is due to severe or ongoing hemorrhage, then trans-
fusion of whole blood or packed red blood cells is necessary to
maintain both blood volume and appropriate red blood cell mass to
deliver oxygen to tissues.

8. Keep in mind that not all cases of hypotension can be corrected
with fluid administration, particularly in pediatric patients and
those with cardiac disease, sepsis, etc. (see Section 5, Cardiorenal
Disorders, Fluid Therapy in Ill Patients).

9. Remember that both hypovolemia and hypervolemia are detrimen-
tal to anesthetized patients.

Monitoring
1. Monitor the duration of anesthesia and total volume of adminis-

tered fluids closely. If fluid rates surpass 20 mL/kg within a single
anesthetic episode, reevaluate both fluid administration rates and
the intravascular volume status of the patient. Typically, most
healthy animals would not require a maintenance rate of 5 mL/
kg/hr for extended periods, unless significant blood loss occurs.
To determine the total fluid administration during a single
anesthetic event, calculate the daily maintenance rate volume
(Table 9).

2. Monitor anesthetized patients carefully to detect any indications of
excessive fluid administration. Signs of fluid overload include (see
Table 5 for additional clinical and diagnostic signs):
a. Gallop sound or new murmur (especially in cats)
b. Edematous tissues and chemosis
c. Swelling of paws
d. Clear nasal discharge (nasal edema)
e. Pulmonary crackles
f. Low oxygen saturation (SpO2)
g. No alteration in blood pressure along with other clinical signs

(i.e., patients remain nonhypertensive)
h. Pleural effusion, ascites

3. Stop fluid administration (or use a minimal volume to maintain
catheter patency) if patients have signs of excessive fluid adminis-
tration. Furosemide (1–2 mg/kg IV) may be needed if patients have
signs of pulmonary edema (i.e., audible pulmonary crackles, imag-
ing evidence of pulmonary edema, or low SpO2) or pleural
effusion.

4. For anesthetized patients subjected to positive-pressure mechanical
ventilation, consider the use of a pulse pressure variability moni-
tor22,23 or plethysmographic variability index from advanced pulse
oximetry to assess fluid responsiveness.24,25 The monitor is used in
a similar fashion to a pulse oximeter and helps evaluate whether
cardiac output increases with volume expansion.

5. Return routine surgical patients to normal eating and drinking as
soon as possible after anesthesia.

Start crystalloid 
fluid therapy at  
3–5 mL/kg/hr

yes

Estimate percent dehydration 
and correct volume deficit  

before anesthesia

no

Is the patient adequately hydrated despite fasting?

If hypotension persists:

Administer a crystalloid fluid bolus: 
5 mL/kg over 10 minutes

If hypotension is refractory to crystalloid fluid administration:

If hypotension resolves:

Return to the initial 3–5 mL/kg/hr of crystalloid fluid 
therapy, unless there is suspicion of fluid overload.

If the patient becomes hypotensive (mean arterial 
pressure <60 mm Hg) during the procedure:

Assess depth of anesthesia and reduce 
vaporizer setting if possible.

1. Administer sympathomimetic therapy if needed:

• Ephedrine 0.05–0.2 mg/kg IV bolus

• Norepinephrine CRI 0.05–1 µg/kg/min

• Dobutamine CRI 1–10 µg/kg/min

• Epinephrine CRI 0.05–1 µg/kg/min

2. Administer a colloid bolus: 2–5 mL/kg over 10 minutes.

3. In patients with severe or ongoing hemorrhage,
address with appropriate blood products such as whole
blood or packed red blood cells.

Assess body temperature and provide 
active warming as needed.  

Administer additional analgesics, sedatives, and local 
anesthetics if possible to help reduce vaporizer setting.

FIGURE 9

Fluid Therapy During Anesthesia

CRI, continuous rate infusion
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Patients with Renal Disease
To effectively care for patients with renal disease (specifically, those in

International Renal Interest Society stage 3 or 4), it is crucial to correct

dehydration before anesthesia, optimize cardiac output by using an

appropriate anesthetic protocol that supports cardiovascular function

(avoid dexmedetomidine if other alternatives are available), and closely

monitor and manage blood pressure. Attempting to rectify hypoten-

sion by using excessive fluid infusion rates should be avoided.

Section 5: Fluid Therapy in Ill Patients
Top Three Takeaways
1. Do not forget about enteral routes of fluid delivery, including naso-

gastric, nasoesophageal, or esophageal, when treating sick patients.
If tolerated by the patient, water can be mixed with food or admin-
istered separately.

2. Do not withhold fluids in patients who are dehydrated or hypovole-
mic because of concurrent anemia. Monitor them closely to deter-
mine whether a transfusion is also indicated.

3. Mitigate electrolyte derangements carefully. Never administer a bolus
of fluids supplemented with potassium chloride (KCl). Thoroughly
mix the fluids to ensure even dispersion of the KCl before administra-
tion. Intentionally manage sodium derangements to avoid potential
life-threatening fluid shifts in the brain that can occur with rapid reso-
lution of chronic (.24–48 hr) sodium alterations.

Overview
Fluid therapy in sick patients requires a cautious, balanced approach

and the ability to predict problems before they occur. The veterinary

team faces complex challenges in fluid therapy when treating patients

who present with conditions such as gastrointestinal, renal, or car-

diac disease, anemia, electrolyte imbalances, traumatic brain injury

(TBI), hypovolemic or vasodilatory shock, edema, thermoregulation

disorders, and hypoglycemia.

Nutritional Therapy as a Prompt for Enteral
Fluid Therapy
Nutrition is one of the most neglected patient requirements during hos-

pitalization.26 After 72 hr of anorexia, a patient’s metabolism shifts to

alternate energy sources, such as ketones and fatty acids, instead of gly-

cogen and glucose.27 Nasoesophageal, nasogastric, or esophageal feeding

tubes facilitate caloric intake,28 and water can be mixed with food or

administered separately.29 Use a canned diet to increase water intake.

The stomach’s capacity is 5–10 mL/kg30 at the time of starting

enteral nutrition, and no consensus on canine and feline gastric emp-

tying times exists (although prolonged emptying times have been

reported).31 Use conservative calculations of fluid and food require-

ments for enteral nutrition and adjust based on a patient’s clinical

signs of nausea, regurgitation, and vomiting.

Determine enteral water requirements based on daily maintenance

rates and divide this amount between IV and enteral supplementation.32

It is important to continue to provide free access to water. Given that

enteral nutrition rates typically start at one-third the resting energy

requirement33 to avoid refeeding syndrome, enteral water administra-

tion may also aid in allowing the stomach capacity to accommodate

increased volumes of subsequent enteral nutrition feedings.

Box 4: Special Fluid Therapy Needs During
Anesthesia
1. Hypoglycemia

� Add dextrose for pediatric toy dog breeds OR in

response to hypoglycemia in dogs or cats.
• Add 50 mL 50% dextrose to 1 L fluid bag to create a

2.5% dextrose solution.

2. Acute surgical blood loss

� Increase fluid rate (up to 10 mL/kg/hr) while surgically

correcting the issue (e.g., dropped pedicle).

� Consider that it takes three times as much crystalloid

fluid volume to replace one volume of blood lost.

� If blood products are unavailable, and the patient’s perfu-

sion is compromised, consider a colloid to aid perfusion.

3. Hypoproteinemia

� Use canine albumin when total protein is ,2.0 g/dL (a

dose of 450 mg/kg canine albumin will increase the

serum albumin by 0.5 g/dL). Start at a rate of 0.5 to 1

mL/kg for 30 min and increase the rate if no adverse

effects are noted. Deliver over 3–4 hr. For more infor-

mation, see Mazzaferro EM, Edwards T. Update on

albumin therapy in critical illness. Vet Clin North Am

Small Anim Pract 2020;50(6):1289–305.

� Use a colloid with a crystalloid when total protein is ,4.0

g/dL (hetastarch 1–5 mL/kg/hr in the anesthetized patient).

� Use fresh frozen or frozen plasma when available.

• Consider that it takes �20–25 mL/kg to raise the

albumin by 0.5 g/dL, and for large-breed dogs, this

could be cost prohibitive. For specific doses, see Beer

KS, Silverstein DC. Controversies in the use of fresh

frozen plasma in critically ill small animal patients. J

Vet Emerg Crit Care (San Antonio) 2015;25(1):101–6.

Use of synthetic colloids in patients is currently

controversial because of safety and efficacy considerations

and lack of evidence-based consensus.

For more information on colloids, see Section 7,

Questions and Controversies in Fluid Therapy.
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Anemia
Do not withhold fluids in anemic patients. If an anemic patient is

also dehydrated or hypovolemic, provide fluid therapy while recog-

nizing that patients with a low hematocrit may require blood pro-

ducts. In healthy patients, fluid resuscitation has not been shown to

decrease hemoglobin concentrations.34 Fluid therapy may result in a

beneficial increase in microvascular flow and perfusion with an overall

increase in oxygen delivery in patients with hypovolemic or distribu-

tive shock. However, fluid administration in non–fluid responders or

fluid-overloaded patients can lead to a relative, but not absolute,

reduction in hemoglobin concentration (“dilutional anemia”), which

can cause a paradoxical decrease in oxygen delivery.

Carefully monitor anemic patients and thoroughly assess them

for shock, hypovolemia, dehydration, and need for maintenance fluids.

These needs should be addressed through an appropriate fluid pre-

scription. These patients may become transfusion dependent when

appropriately resuscitated or rehydrated. Transfusion triggers (e.g.,

heart rate, mucus membrane color, capillary refill time, respiratory rate

and effort, pulse quality, blood pressure, mentation, and attitude)

should be considered in conjunction with laboratory test results (e.g.,

packed red blood cell count and trends, hematocrit, hemoglobin levels,

and blood lactate) to determine the need for a blood transfusion.35,36

Azotemia
Azotemic patients have varying fluid requirements that depend on fac-

tors such as their hydration status (including both dehydration and

fluid overload), urine production levels, acute versus chronic onset,

acid-base and electrolyte status, the underlying cause of the azotemia,

and the extent of its severity.37 These patients present special monitor-

ing challenges as they might experience xerostomia (dry mouth) sec-

ondary to uremia,38 prolonged skin tenting due to reduced skin elastic-

ity associated with aging, concentrated retained urine, and inaccurate

relative creatinine levels due to decreased muscle mass.39 Additionally,

there may be a lack of a baseline creatinine concentration or previous

body weight for comparison. Anecdotal techniques to assess dehydra-

tion include evaluating skin turgor over the rib cage, analyzing weight

trends and sodium concentrations, fluid and food intake history, and

identifying signs of fluid overload (see Section 6, Fluid Overload).

In cases inwhich patients are not hypotensive, the fluid prescription

should provide a gradual correction of dehydration, whereas patients

with significant renal compromise should receive fluids at slower rates.

Fluid therapy is not the mainstay of treating azotemic patients. Rather, it

is to support the kidneys by correcting treatable abnormalities associated

with renal compromise so that the kidneys can heal themselves. Key

aspects entail reducing sodium and chloride load,40 managing blood

pressure, treating anemia41,42 and infections, ensuring adequate short-

term nutrition (without protein restriction), and addressing primary

conditions that may trigger secondary AKI (e.g., acute pancreatitis)43 or

acute-on-chronic kidney disease presentations. Fluid requirements for

patients with chronic kidney disease vary depending on the severity of

polyuria and polydipsia alongwith other clinical signs.44

Heart Disease
The most important consideration for fluid therapy in patients with

cardiac disease is to prevent the onset of heart failure.45 For cardiac

patients, therapeutic goals include increasing myocardial contractil-

ity, decreasing preload and afterload, counteracting the pathological

effects of the renin-angiotensin-aldosterone system, improving vaso-

dilation, and optimizing diastolic filling.46,47

Cardiac patients may experience dehydration, relative hypovolemia,

electrolyte disturbances, moderate to severe azotemia, and metabolic

imbalances caused by heart failure and medications. Fluid therapy is fre-

quently avoided in cardiac patients owing to its potential to increase

preload in left-sided heart failure, increase afterload, and decrease

venous return in right-sided heart failure (especially in the presence

of increased intra-abdominal pressure from ascites).48–50 Whenever

possible, fluid intake should be provided enterally, such as through

water and a canned diet. When fluid therapy is necessary, administer

0.45% NaCl with 2.5% dextrose IV at half to daily maintenance rates

(See Table 9 for maintenance rates), depending on the patient’s needs

and tolerance of supplemental fluids.51 Hypotension in patients with

congestive heart failure should be addressed by considering positive

inotropes.

Cardiorenal Disorders
The cardiorenal axis is an important consideration51 because a path-

ological state in either the cardiovascular or renal system has the

potential to affect the other.52 Renal disease treatment focuses on

maintaining hydration with enteral water, so less conflict exists with

heart disease treatment; however, the administration of additional

fluid therapy presents challenges. Cardiac medications may poten-

tially lead to mild azotemia through diuresis (e.g., furosemide)53 and

decreased glomerular filtration rate (GFR) (e.g., enalapril and telmi-

sartan).54 It is crucial to consistently monitor for fluid overload,

severe progressive azotemia, worsening of heart failure, changes in

blood pressure, and other relevant indicators to ensure that these

patients do not decline as a result of fluid therapy. Even with the best

possible therapy, this can be a significant challenge.

Patients with Hypovolemia and Edema
Alterations in Starling’s forces (hydrostatic and oncotic pressure)

(Figure 2) may contribute to the development of edema in veterinary

patients. Common causes of edema include vasculitis, hypoalbumi-

nemia, heart failure, kidney failure, lymphatic obstruction, and
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thrombosis.55 Fluid therapy in hypovolemic, edematous patients pre-

sents a therapeutic challenge, and the underlying cause of the edema

must be taken into consideration in order to safely provide fluids.

When edema results from hypoalbuminemia, intravascular vol-

ume resuscitation and restoration are paramount, and colloids can

be used to raise the colloid oncotic pressure. This can be accom-

plished with rapid administration of synthetic colloids (e.g., hetas-

tarch and tetrastarch [although their use is controversial; see Sec-

tion 7, Questions and Controversies in Fluid Therapy]), canine-

specific albumin (CSA) in dogs, human serum albumin in dogs or

cats (which may predispose patients to allergic reactions or anaphy-

laxis), and veterinary plasma products (e.g., fresh frozen plasma, fro-

zen plasma, and cryoprecipitate-poor plasma [CPP]).

Although plasma products are less prone to induce allergic reactions,

large plasma volumes are needed to significantly change albumin concen-

trations (�22 mL/kg plasma to increase serum albumin by 0.5 g/dL),

which results in higher costs of care and risk of volume overload. In one

study, there was no difference in mean serum albumin concentrations

before and after transfusion with fresh frozen plasma (median dose of

15–18mL/kg).56 Thus, although a plasma bolusmay be used to treat hypo-

volemia in edematous patients, its use for this purpose is controversial.57

A continuous rate infusion (CRI) of canine CPP, administered

at a rate of 1.1–2.2 mL/kg/hr, has been described in a case report for

treating hypoalbuminemia.58 This may be a more reasonable

approach to treating hypoalbuminemia because CPP has a higher

albumin concentration than other plasma products,59 although CPP

is less widely available.58

CSA appears to be a relatively safe alternative to synthetic col-

loids and increases albumin concentrations more efficiently than

plasma products.60,61 In one study, CSA administration improved

the shock index in hypovolemic canine patients.61 In another study,

CSA increased arterial blood pressure within 2 hr of administration

in dogs with septic peritonitis.60

Giving colloids to patients with edema due to vasculitis may be

controversial, as colloids may leak into the interstitial space and worsen

interstitial edema. In these patients, judicious colloid use combined with

lower volumes of crystalloids is recommended. Overall, regardless of the

cause of edema, use crystalloids judiciously in all affected patients.

Low-dose diuretics may be considered in patients with edema,

but only in normotensive, normovolemic patients.

Traumatic Brain Injury
The primary fluid therapy goal in treating veterinary patients who have

TBI is optimizing cerebral perfusion pressure and mean arterial blood

pressure. The Brain Trauma Foundation guidelines for human patients

recommend maintaining systolic arterial blood pressure between 100

and 110 mm Hg to reduce mortality and improve outcomes.62

Studies that evaluate the ideal fluid choice for veterinary patients

with TBI are limited. However, information based on human clinical

studies and swine and rodent research studies supports the use of

packed red blood cells, plasma, and platelets over crystalloid fluids

because of better outcomes in patients with ongoing hemorrhage.63,64

Osmotherapy—using osmotic agents (e.g., hypertonic saline or

mannitol) to reduce intracranial content volume—is common in

treating patients who have TBI (Figure 10). Various studies and a

meta-analysis in human medicine suggest that both mannitol and

hypertonic saline effectively lower intracranial pressure, but there is

no evidence to recommend one over the other.65–67 Hypertonic

saline may have the advantage of avoiding diuresis, increasing car-

diac preload, and positively impacting cerebral perfusion.65 In dogs

and cats, mannitol is usually dosed at 0.5–1 g/kg IV given over 15

min with a microfilter, whereas hypertonic saline (NaCl 7.2%) is

dosed at 1–6 mL/kg IV given over 15 min. Continuous infusion of

hypertonic saline has been described in human patients, but it is not

thought to significantly affect outcome.68

Electrolyte Disturbances
Electrolyte imbalances are common in ill patients. Proper fluid selec-

tion and, if necessary, supplementation of electrolytes aid in restoring

balance.

Hypokalemia

Dogs and cats in poor health often experience hypokalemia. This

may be due to increased urinary or gastrointestinal loss, prolonged

anorexia, alkalemia, an aldosterone-secreting tumor, or treatment

with potassium-poor replacement fluids.69 Clinical signs of hypokale-

mia may include weakness, cardiac arrhythmias, and respiratory

muscle impairment.70

Treat hypokalemia with KCl supplementation in IV fluids

(Table 11). Determine the KCl dosage based on the patient’s serum

potassium concentration. For IV KCl administration, calculate the

total mEq/kg/hr to be administered, ensuring that the supplementa-

tion rate does not exceed 0.5 mEq/kg/hr, as rapid administration can

be fatal.70 Never bolus fluids supplemented with KCl. Before admin-

istration, invert the bag and thoroughly mix the fluids to ensure uni-

form dispersion of the KCl.71 Exercise caution with highly supple-

mented fluids or KCl CRIs to prevent inadvertent bolus or over

administration to the patient. Use appropriate fluid pump settings or

syringe pumps as safeguards and educate staff on the risks of over

administration. In cases of persistent hypokalemia even after KCl

supplementation, check magnesium levels to determine whether

magnesium supplementation is needed.72
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Sodium imbalances

Sodium concentration disturbances are common. These cases should be

managed with deliberate care to prevent potentially life-threatening fluid

shifts in the brain that may occur after rapid correction, faster than

0.5 mEq/kg/hr, of chronic (greater than 24–48 hr) sodium alterations.

Hyponatremia. Patients with acute euvolemic hyponatremia (e.g.,

primary polydipsia) may present with neurologic signs and should be

treated with 2–6 mL/kg of 3–7.5% hypertonic saline over 10–15

min.73–75 In symptomatic chronic hyponatremia, a similar approach

using hypertonic saline should be taken. Once neurological clinical signs

resolve, treatment should continue similarly to that in asymptomatic

chronic hyponatremia patients. In asymptomatic chronic hyponatremia

patients, isotonic crystalloids (Table 12C) that have a sodium content

�10 mEq/L higher than the patient’s sodium should be selected. A rate

of correction should be calculated that does not exceed 0.5 mEq/L/hr or

a maximum sodium increase of 10–12 mEq/L/day to prevent osmotic

demyelination syndrome (Tables 12A, 12D).76

Patients with hypovolemic hyponatremia should be resuscitated

with a crystalloid that contains a similar sodium content to the patient’s

current sodium concentration.74,75 Depending on the severity of the

hyponatremia, commercial isotonic crystalloids may not be available

with similar sodium contents. In these cases, custom fluids can be tai-

lored by adding sterile water to an isotonic crystalloid to achieve the

desired sodium content. These fluids should be used exclusively for

bolus administration until hypovolemia is resolved. Hypotonic fluids

should not be used in patients with hyponatremia.75

Hypernatremia. The strategies to treat hypernatremia are similar

to those taken with hyponatremia regarding the considerations of chro-

nicity and rate of correction of 0.5 mEq/L/hr. Sodium concentration

drops that are faster than this rate in patients with chronic hypernatre-

mia may cause abrupt fluid shifts that lead to cerebral edema.77 How-

ever, patients with acute hypernatremia can undergo rapid sodium con-

centration correction without the risk of cerebral edema, by using

hypotonic IV fluids. Calculate the free water deficit and administer

fluids at an appropriate rate while monitoring sodium concentrations

frequently to allow for a safe resolution of hypernatremia (Table 13A).

Hypochloremia. Relative shifts in chloride usually occur with shifts

in sodium. To assess true chloride disturbances in the face of sodium

derangements, chloride should be corrected using the following equation:

Corrected Cl 5 ðnormal Na=measured NaÞ3measured Cl

In patients with true hypochloremia that have developed metabolic

alkalosis, 0.9% NaCl has historically been the fluid of choice because

of its high chloride concentration (154 mEq/L). Recently, concerns

have been raised about the effect of 0.9% NaCl on kidney function

owing to the potential risk of causing hyperchloremia, which has

been shown to cause renal vasoconstriction and reduced renal blood

no yes

Clinical signs of TBI

Analgesia

SAP < 90 mm Hg?

SAP < 90 mm Hg?

VasopressorsOsmotherapy***

Deteriorating 

• Close neurologic
monitoring

• Maintain normovolemia
and hydration

signs?**
Fluid resuscitation*

Immediate 
hemorrhage control

yes

no

yes

no

FIGURE 10

Approach to Fluid Therapy for Dogs andCats with Traumatic Brain Injury
� Fluid resuscitation techniques can be any one of the following
or a combination thereof: (1) 10–20 mL/kg crystalloids (Plasma
Lyte or Normosol-R) IV rapid infusion up to 60–90 mL/kg. (2)
5–10 mL/kg 6% HES (tetrastarch) IV rapid infusion up to
40–50 mL/kg. (3) 5–10 mL/kg plasma rapid infusion IV up to
20–30 mL/kg. (4) 3–4 mL/kg 7% HTS IV over 10–15 min. (5)
Whole blood or pRBC, if indicated.

��Altered level of consciousness with or without bilateral or uni-
lateral miotic pupils; unresponsive mid range pupil(s) or mydri-
asis; loss of the oculocephalic reflex; bradycardia with hyperten-
sion (Cushing reflex); posturing (opisthotonus, decerebellate,
decerebrate); alteration of the respiratory pattern.

���1 g/kg mannitol IV up to 3 doses q 60–90 min OR 3–4 mL/kg
7% HTS IV.
dReprinted with permission from Pigott A, Rudloff E. Traumatic
brain injury–a review of intravenous fluid therapy. Front Vet Sci.
2021;8:643800.
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TABLE 11

Guidelines for Potassium Supplementation in Fluids

TABLE 12A

Approach to Fluid Therapy in Hyponatremic Patients

1. Is hyponatremia acute or chronic?

ACUTE CHRONIC

A. Raise the serum sodium concentration as quickly as possible. 

B. Administer isotonic crystalloids with a sodium 

concentration greater than the patient’s serum sodium 

concentration.

C. Recheck serum sodium concentrations 2–4 hr after 

starting therapy to assess therapeutic response, then 

recheck them every 6–8 hr afterward.

A. It takes 24–48 hr for the brain to compensate for 

hyponatremia.

B. Correct chronic hyponatremia slowly to prevent osmotic 

demyelination syndrome.

C. Increase the serum sodium concentration by no more 

than 0.5 mEq/L/hr for a maximum total correction of 10–12 

mEq/L/day.

2. Does the patient have clinical signs of hyponatremia?

A. Clinical signs include vomiting, disorientation, and seizures secondary to cerebral edema. 

B. If symptomatic, treat with 3, 5, or 7.5% hypertonic saline at a recommended dose of 2–6 mL/kg given over 10–15 min.1

C. In human patients, serum sodium concentration increases of 4–6 mEq/L are often enough to alleviate clinical signs.1

3. Is the patient hypovolemic?

A. 

solution capable of expanding the intravascular space (Table 12c).1

B. Repeat as needed until perfusion parameters are restored. 

Maintenance or hypotonic fluids (0.45% NaCl, 5% dextrose in water) have low sodium concentrations and are not indicated 

to treat hypovolemia.1

4. Does the patient have chronic hyponatremia without neurologic signs?

A. Slowly correct the sodium concentration at a maximum rate of 0.5 mEq/L/hr or 10-12 mEq/L/day.

B. Treat asymptomatic patients with mild water restriction and monitor their serum sodium concentrations.

C. Use the Adrogue-Madias formula below to calculate the expected change in sodium concentration when 1 L of a specific 

fluid type is administered (see Table 12c).2

Expected change in serum sodium concentration with 1 L of fluid =
Fluid sodium concentration − serum sodium concentration / (total body water + 1)

Where total body water = body weight in kg × 0.6

1. Adrogue HJ, Tucker BM, Madias NE. Diagnosis and management of hyponatremia: a review. JAMA. 2022;328(3):280-91.
2. Heinz J, Cook A. Evaluation and management of the hyponatremia patient. Today’s Veterinary Practice. 2022;12(2). February 10, 2022. Available at https://
todaysveterinarypractice.com/internal-medicine/evaluation-and-management-of-the-hyponatremic-patient/. Accessed January 4, 2024.
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TABLE 12D

Calculating Expected Changes in Sodium Concentration

1. Heinz J, Cook A. Evaluation and management of the hyponatremia patient. Today’s Veterinary Practice. 2022;12(2). February 10, 2022 Available at https://
todaysveterinarypractice.com/internal-medicine/evaluation-and-management-of-the-hyponatremic-patient/. Accessed January 4, 2024.

TABLE 12B

Common Causes of Acute and Chronic Hyponatremia in Dogs and
Cats

TABLE 12C

Sodium Concentration of Isotonic Crystalloids

�Evidence in human patients suggests that 0.9% NaCl may be detrimental to kidney
health.1,2

1. Ostermann M, Randolph AG. Resuscitation fluid composition and acute kidney
injury in critical illness. New England Journal of Medicine. 2022;386(9):888-889.
2. Sigmon J, May CC, Bryant A, Humanez J, Singh V. Assessment of acute kidney
injury in neurologically injured patients receiving hypertonic sodium chloride: does
chloride load matter? Annals of Pharmacotherapy. 2020;54(6):541-546.
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TABLE 13A

Approach to Fluid Therapy in Hypernatremic Patients

1. Is hypernatremia acute or chronic?

ACUTE CHRONIC

• Use hypotonic intravenous fluids to correct. 

• Can undergo rapid sodium concentration correction 

without the risk of cerebral edema.

• Calculate the free water deficit and administer at an 

appropriate rate (see #3 below). 

• Monitor sodium concentrations every 4-6 hours. 

• It takes 24–48 hours for the brain to compensate for 

hypernatremia. 

• Correct chronic hypernatremia slowly to prevent 

cerebral edema. 

• Decrease serum sodium concentration by no more than 

0.5 mEq/L/hr for a maximum total correction of 10–12 

mEq/L/day (see #3 below). 

2. Is the patient hypovolemic?

• 

• Maintenance or hypotonic fluids (0.45% NaCl, 5% dextrose in water) have low sodium concentrations and are not indicated 

to treat hypovolemia. 

• Fluids listed in Table 12c are suitable options to treat hypovolemia (5-10 mL/kg [cat] and 15-20 mL/kg [dog] given over 

15–30 minutes and repeated as needed) until perfusion parameters are restored.

3. Calculations for chronic and acute hypernatremia

Estimate the amount of water lost (free water deficit).

Administer fluids that are relatively dilute compared with 

plasma. 

Free Water Deficit (FWD) in Liters (L) = [(Patient Na/Desired 
Na) -1]  (0.6  Weight [kg])

Modify the calculation of the free water deficit according 

to whether hypernatremia is acute or chronic, using the 

subsequent formulas:

FWD replacement time (hr) for acute hypernatremia = 
Patient Na − Target Na1 

FWD replacement time (hr) for chronic hypernatremia = 
(Patient Na − Target Na) × 21  
In general, replace the free water deficit by administering 

5% dextrose in water.

4. Is the patient dehydrated?

• 

• Correct dehydration over 12–24 hours to minimize shifts in sodium.1 

• Recheck sodium concentrations every 4–6 hours to prevent dramatic changes. 

• Limit drinking water until the patient’s sodium is close to the target concentration.

1. Heinz J, Cook A. Evaluation and management of the hyponatremia patient. Today’s Veterinary Practice. 2022;12(2). February 10, 2022. https://todaysveterinarypractice.
com/internal-medicine/evaluation-and-management-of-the-hyponatremic-patient/. Accessed January 4, 2024.

TABLE 13B

CommonCauses of Acute and Chronic Hypernatremia in Dogs and Cats
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flow.78,79 To safely use 0.9% NaCl in hypochloremic renal patients,

recheck chloride concentrations frequently, and once chloride levels

have been corrected, use a buffered isotonic crystalloid (e.g., lactated

Ringer’s solution or Plasma-Lyte) instead.

Hypocalcemia. Use calcium gluconate to treat patients with clin-

ical signs of hypocalcemia (e.g., weakness, tachycardia, and tremors).

Lactated Ringer’s solution contains a very small amount of calcium,

and it will not resolve hypocalcemia.

Hypercalcemia. Historically, 0.9% NaCl has been recommended

for calciuresis in hypercalcemic patients, but its effects are generally

mild. Because of concerns regarding kidney injury with 0.9% NaCl,

consider using a balanced isotonic crystalloid instead in patients at

risk of or with current kidney disease.

Vasodilatory States
Patients may exhibit signs of poor perfusion or shock (such as tachy-

cardia, hypotension, weak peripheral pulses, or elevated lactate

concentrations) due to generalized vasodilation, also referred to as

vasodilatory or maldistributive shock. In vasodilatory shock, there is

excessive dilation of blood vessels, leading to a significant decrease in

blood pressure and inadequate perfusion of vital organs.80,81 Com-

mon clinical conditions that can lead to vasodilation include acute

pancreatitis, anaphylaxis, sepsis, trauma, and parvoviral enteritis.

Historically, vasodilatory shock treatment has revolved around rapid

administration of fluids, the administration of broad-spectrum anti-

biotics, establishing source control, and using pharmacologic inter-

ventions to maintain adequate mean arterial blood pressure.80,82

Because distinguishing between hypovolemic and vasodilatory

shock based solely on physical examination findings is challenging,

and because patients with vasodilatory shock may have some degree

of hypovolemia, a fluid challenge is a reasonable treatment approach

in these situations. Poor or limited response to fluid boluses may

suggest vasodilation. In cases in which there is a poor response to

fluid therapy, vasopressor therapy should be considered.82 In patients

with suspected anaphylaxis, it is crucial to administer epinephrine, a

vasopressor, as soon as possible.83

Thermoregulation Disturbances
Hypothermia. Whenever possible, use warm fluids for resuscitation

or rehydration in hypothermic patients for active core rewarming.

The task force believes warm fluids will at least mitigate worsening

hypothermia compared with the administration of room temperature

fluids. It has been recommended to warm IV fluids to 40–42�C

(104–107.6�F).84 Fluids can be warmed using numerous methods,

including immersion of IV tubing in warm water, microwaving of

the fluid bag, in-line fluid warmers, and prewarming of fluids in a

convection oven.85 However, the effect of warm fluids in producing

an increase in body temperature is controversial.86–88

Hypothermia is commonly observed in cats in shock. Aggressive

fluid resuscitation with the aim of restoring normal blood pressure in

hypotensive, hypothermic cats will often lead to interstitial fluid overload,

pulmonary edema, and pleural effusion. Administering conservative fluid

volumes (e.g., 5 mL/kg IV boluses at a time) concurrent with active

rewarming is an essential part of shock resuscitation therapy in cats.89

Hyperthermia. Fluid therapy is important in treating hyperther-

mia in dogs and cats. Administering room temperature fluids may

assist with cooling and maximize volume expansion.90

Hypoglycemia
Administer dextrose to patients exhibiting clinical signs related to

hypoglycemia, such as lethargy, weakness, ataxia, or seizures. For a

bolus, use 0.5–1 mL/kg (0.25–0.5 g/kg) of 50% dextrose, which

should be diluted at a ratio of 1:2–1:4 and administered over 2–5

min.91 In most cases, the bolus should be followed by a CRI of

1.25–5% dextrose (Table 14) until the patient can maintain normo-

glycemia. The concentration of dextrose instilled in fluids depends

on the severity of the patient’s hypoglycemia and fluid administra-

tion rate. It is advisable to administer dextrose concentrations

exceeding 5% through a central line to avoid phlebitis.

Note that in patients with insulinoma, dextrose administration

may perpetuate hypoglycemia. Therefore, dextrose should only be

given when patients present with clinical indications of hypoglyce-

mia, and the lowest effective concentration should be used to prevent

the manifestation of clinical signs.92

Section 6: Fluid Overload
Top Three Takeaways
1. First, do no harm. Fluid overload is a potentially life-threatening

complication for which no universally effective therapy exists.
2. Excessive iatrogenic fluid administration is the most common cause

of fluid overload. Prevention and vigilant monitoring are crucial to
mitigate the potential risks associated with fluid therapy.

3. Patients with impaired renal function are at an increased risk of
fluid overload because of their kidneys’ inability to increase urine
output and effectively excrete excess fluid.

TABLE 14

How to Formulate Dextrose-Containing Fluids

�Remove an equivalent amount of the isotonic crystalloid fluid from the bag before
adding dextrose.
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Overview
Fluid overload, or fluid intolerance, is a clinical spectrum that spans

from hypervolemia to life-threatening edema and cavitary effusions.

The guidelines task force has proposed that fluid intolerance may be

the more appropriate term for this condition, as this term more

accurately describes how the amount of fluid needed to overload a

patient is dependent on their tolerance for a given amount of fluids.

“Fluid intolerance” also encompasses both iatrogenic overload and

overload due to underlying comorbidities. However, given that “fluid

overload” is still widely used and recognized within the veterinary

medical profession, it will be the primary term used in these guide-

lines to refer to this condition.

All patients receiving fluid therapy are susceptible to fluid

intolerance/fluid overload; however, excessive administration is the

most common cause of fluid overload. Hypervolemia might be more

common than perceived, as early signs of increased body weight and

positive fluid balance are difficult to assess. Typically, hypervolemia

is recognized when advanced signs such as edema and effusions

occur.93 It is important to understand the harms of fluid overload

and the need to prevent this complication, given the limited effec-

tiveness of treatments.

Recognizing and Managing Fluid Overload
As discussed earlier, fluid movement is influenced by hydrostatic pres-

sure, oncotic pressure, and vascular permeability. Patients who receive

excess fluids during resuscitation, maintenance, or anesthesia first

develop hypervolemia, which causes an increase in hydrostatic pres-

sure. A decrease in oncotic pressure can occur with dilution of plasma

proteins associated with excessive fluid administration or protein-

losing disease. Hypervolemia, as well as inflammation and injury, can

damage the glycocalyx and increase vascular permeability. Together,

these changes in fluid dynamics promote movement of fluid out of

vessels into the interstitial space. As the interstitial space expands, it

becomes more compliant, accommodating larger quantities of intersti-

tial fluid, further exacerbating the problem of fluid overload.

Changes in fluid dynamics favoring accumulation of interstitial

fluid are often seen in combination with the body’s physiological

response to stress. Hypovolemia, illness, and injury lead to water and

sodium retention and increased thirst. This response exacerbates the

risk of fluid overload as resuscitation fluids are administered to criti-

cally ill patients when their bodies are primed to retain fluid.94

By the time clinical edema or effusions are noted, internal edema

will also be present that can negatively impact organ function (Fig-

ure 11).94 Once edema has occurred, it is very difficult to reverse even

with ultrafiltration. Thus, prevention and early recognition are keys to

minimizing the morbidity and mortality associated with fluid overload.

Although all patients receiving IV fluids are at risk of fluid overload,

those with impaired renal function, heart disease, or liver disease or those

receiving large fluid volumes are at highest risk (Box 5). Pets with oligo-

anuric renal failure are particularly susceptible to fluid overload because

they are unable to excrete excess fluid. Yet these patients often receive

aggressive fluid therapy necessitating close monitoring for weight gain,

hypertension (in presence of AKI/CKD), or early signs of edema.93,94,95

Box 5: Common Fluid Overload Case Scenarios
1. Continued IV fluid therapy in a feline patient with

renal disease. A cat is dehydrated, uremic, and anuric on

presentation. Although IV fluid administration improves

hydration status, uremia persists. IV fluids are continued

with the misguided goal of improving GFR. However, no

effective increase in GFR will occur no matter how much

fluid this patient receives.

2. IV fluid therapy in a patient anesthetized for a lengthy

procedure. A dog receives 10 mL/kg of fluids throughout

a 6 hr procedure and develops respiratory distress during

anesthetic recovery.

3. SC fluid therapy in a cat with occult or fulminant heart

disease. A cat presents for evaluation of vomiting associ-

ated with malaise of congestive heart failure and is given

SC fluids despite no evidence of dehydration.

Brain edema
• Altered mental status

Lung edema

Myocardial 
edema

• Pulmonary
edema

• Hypoxemia
• Pleural effusion

• Hypoventilation

Kidney edema

• Decreased
cardiac output

• Arrhythmias

Hypervolemia

• Decreased renal
blood flow

• Decreased GFR

Intestinal edema

• Increased body weight
• Dilution of coagulation
factors, risk of bleeding

• Dilution of oncotic factors

Liver edema
• Ileus
• Decreased
absorption

• Increased gut
permeability

• Vomiting, diarrhea
• Ascites

• Decreased liver
blood flow

• Altered glucose
metabolism

• Decreased drug
metabolism

Peripheral (tissue) edema
• Increased risk of infection
• Impaired wound healing
• Weakness

FIGURE 11

Impact of Fluid Overload on Organ Function
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TABLE 15

Clinical, Radiographic, and Ultrasonographic Findings Associatedwith Fluid Overload

Clinical Findings Radiographic Findings Ultrasonographic Findings

• Increased body weight (>10%)

• Tissue edema (intermandibular 

area, limbs, paws, dependent 

regions, chemosis)

• Serous nasal discharge

• Serous discharge from 

endotracheal tube in 

anesthetized patients

• Increased respiratory rate or 

• Reduced SPO
2

• Novel murmur, novel gallop 

sound

• Gastrointestinal signs (abdominal 

distention, vomiting, diarrhea, 

inappetence, anorexia)

• No change in blood pressure; 

hypertension rarely associated 

with fluid overload except in AKI/

CKD.1,2

• Body wall edema

• 

• Pulmonary edema

• Cardiomegaly

• Enlarged pulmonary artery

• Enlarged caudal vena cava

• Enlarged pulmonary vein

• Loss of serosal detail

• Distended intestines

• Subcutaneous edema

• 

• B-lines

• Enlarged La:Ao

• Enlarged caudal vena cava

• Decreased caudal vena cava 

collapsibility index

• Ascites

• Intestinal wall thickening

• Ileus

• Hyperechoic mesentery and 

pancreas

• Hepatic congestion

• Gallbladder wall edema

• Perirenal edema

AKI, acute kidney injury; Ao, aorta; CKD, chronic kidney disease; La, Left atrium; SpO2, oxygen saturation
1. Cole LP, Jepson R, Dawson C, Humm K. Hypertension, retinopathy, and acute kidney injury in dogs: A prospective study [published correction appears in J Vet Intern Med.
2020 Nov;34(6):3168]. J Vet Intern Med. 2020;34(5):1940-1947.
2. Park S, Lee CJ, Lee M, et al. Differential effects of arterial stiffness and fluid overload on blood pressure according to renal function in patients at risk for cardiovascular
disease. Hypertens Res. 2019;42:341–353.

Box 6: Common Misconceptions That May Lead to Fluid Overload
Misconception: IV fluids increase GFR in normally hydrated patients.

Correction: IV fluid administration will not increase GFR in a patient that is hydrated and euvolemic.

Misconception: Hypertension can be used to diagnose hypervolemia.

Correction: Hypertension is rarely associated with hypervolemia or edema. Some patients with renal disease may develop hyper-

tension concomitant with hypervolemia.

Misconception: If a patient is hypotensive, keep giving fluid boluses until their blood pressure improves.

Correction: Some hypotensive patients will not respond to IV fluid therapy. If a patient is not responding to fluid therapy, discon-

tinue fluid boluses and correct any electrolyte or glucose disturbances and consider vasopressor treatment.

Misconception: Hemodialysis is always a backup option for treatment of fluid overload if diuretics do not work.

Correction: Hemodialysis has a very limited therapeutic role in treating edema because the movement of edema fluid into the vas-

cular space is limited.
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To reduce the risk of fluid overload:

� Use a low-volume strategy for fluid resuscitation.
� Tailor ongoing fluid therapy to meet each patient’s needs.
� Include all fluids delivered as medications, infusions, flushes, and

enteral feedings to improve the accuracy of fluid balance calcula-
tions. Cats and small dogs with smaller blood volumes can quickly
become fluid overloaded if clinicians are not mindful of the volumes
administered.

� Limit the total fluid volume delivered in anesthetized patients during
lengthy procedures. As a general rule, patients receiving anesthetic
fluids should receive no more than the daily recommended total of
20 mL/kg/24 hr.94

� Consider enteral water supplementation.

To recognize hypervolemia sooner, weigh patients frequently

(every 6–12 hr) to identify a 10% increase in body weight compared

with the initial baseline.93,94 Regularly document all fluid inputs and

outputs to help identify positive fluid balance. Additional signs of

fluid overload are summarized in Table 15.

Once edema has started, it can become life-threatening and be

very difficult to resolve. See Box 6 for common misconceptions that

can lead to fluid overload. There is no definitive therapy. General

therapeutic approaches include sodium and water restriction, discon-

tinuing IV fluids, administering diuretics, and increasing patient

mobility (Figure 12). The interventions and success of those inter-

ventions are limited. Thus, the best approach is to avoid fluid

overload.93,94

Section 7: Questions and Controversies in
Fluid Therapy
Top Three Takeaways
1. Fluids are drugs with complex interactions in the body and require

an understanding of how and when to prescribe them. Clinicians
must carefully consider hydration and volume status, electrolyte
and acid-base derangements, and underlying comorbidities when
prescribing fluid therapy.

2. Questions concerning the safety of synthetic colloids, the efficacy of
plasma to treat hypoalbuminemia, whether potassium-containing
fluids are safe in treating hyperkalemic patients, and whether IV
fluids are indicated during cardiopulmonary resuscitation (CPR) are
answered here.

3. The RECOVER Advanced Life Support guidelines for veterinary
CPR advocate a careful approach to the fluid prescription in
patients with cardiopulmonary arrest, owing to the possibility of
reducing oxygen delivery to myocardial and cerebral tissues in
patients without hypovolemia or distributive shock.

Overview
The scarcity of large-scale, blinded, prospective studies on fluid

therapy in veterinary medicine gives rise to questions and contro-

versies regarding its application in practice. Clinical decisions often

must be extrapolated from the existing limited data, further contrib-

uting to the ongoing discussions and uncertainties surrounding

fluid therapy.

If patient is exhibiting: 

• Increased body weight
• Mild or localized peripheral edema

Active treatment required
Discontinuing IV fluids and increasing  

patient mobility may be adequate 

Patient is overhydrated Patient has fluid overload

• Discontinue fluids
• Provide oxygen support
• Administer a diuretic
• Increase patient mobility
• Remove pleural fluid via thoracentesis or ascites via abdominocentesis
• Refer patient for hemodialysis
• Consider discontinuing ACE inhibitors and ARBs to improve GFR

• Respiratory distress
• Moderate to severe, multifocal peripheral edema
• Renal, hepatic, or gastrointestinal dysfunction

FIGURE 12

Fluid Overload Therapy Algorithm

ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; GFR, glomerular filtration rate
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Are Synthetic Colloids Safe?
Colloids rapidly expand the intravascular space and have a longer

duration of action than crystalloids. Their use has long been consid-

ered “volume-sparing” as compared with the volume of crystalloids

required to match their effect. Synthetic colloids (e.g., hydroxyethyl

starches [most common], gelatins, and dextrans) are more readily

available and less costly than natural colloid alternatives such as

blood products or species-specific albumin. Despite their initial

attractiveness as resuscitation fluids, the use of synthetic colloids in

critically ill small animal patients is currently controversial because

of safety and efficacy concerns.96–100 Complications associated with

their use in human patients include the development of AKI and

coagulopathy. Colloids are dissolved in NaCl, which delivers a high

chloride load to the distal tubule and accounts for some of the renal

effects seen in humans. There is limited evidence that these same

complications may occur in critically ill dogs and cats, although most

studies are retrospective evaluations or small experimental

studies.101–120 A newer understanding of the function of the endo-

thelial surface layer121 and revision of the Starling hypothesis122,123

have raised concerns that extravasation of these synthetic macromo-

lecules increases tissue edema and ultimately reduces oxygen delivery

in states of increased vascular permeability, such as occurs with sys-

temic inflammatory response syndrome, sepsis, trauma, and other

damage to the endothelial surface layer.124

There is no evidence-based consensus on the optimal use of syn-

thetic colloids in small animals. Very little evidence exists on whether

one synthetic colloid is safer or more effective than another. Clinicians

must carefully weigh risk versus benefit for individual patients.

Consider the following before administering synthetic colloids:100

- Avoid synthetic colloids if the patient is responsive to crystalloid or
alternative therapies.

- Synthetic colloids should not be used as a substitute for albumin. In
cases of severe hypoalbuminemia, natural colloids like plasma pro-
ducts or albumin should be considered.

- In complex disease processes, such as sepsis or septic shock, treat-
ment is multimodal and may involve natural colloids and/or
vasopressors.

- Current evidence suggests a minimal risk of synthetic colloid-
associated AKI in dogs and cats when administered in small doses
(,20 mL/kg) for short durations.

- Administering synthetic colloids to hemodynamically stable patients
and those with pre-existing azotemia is not advised.

- Synthetic colloids may be considered for short-term need for colloid
osmotic pressure support (e.g., during anesthesia for a portosystemic
shunt ligation in a patient with hypoalbuminemia).

Current recommendations for synthetic colloid administration

include minimizing dose and duration while closely monitoring kid-

ney function (up to 90 days after exposure), coagulation parameters,

hematocrit, and platelet count.100 Synthetic colloids should be

avoided or used with caution in patients with pre-existing azotemia,

coagulopathy, anemia, and thrombocytopenia.100 Some veterinary

clinicians also consider systemic hypertension and sepsis to be con-

traindications for synthetic colloid use.99

Can Plasma Be Used to Address Hypoalbuminemia?
A serum albumin concentration of ,2.0 g/dL is a negative prognostic

indicator associated with increased patient morbidity and mortality in

small animals due to development of peripheral edema, impaired tissue

perfusion and oxygenation, hypercoagulability, altered protein-bound

drug metabolism, and poor wound healing. In general, natural colloids

(e.g., albumin and plasma) are preferred over synthetic colloids to

address hypoalbuminemia, but they remain controversial because of a

lack of evidence linking correction of the albumin concentration with

improved outcomes in critically ill veterinary patients56,125,126 Species-

specific albumin products are the recommended transfusion products

in veterinary patients with severe or worsening hypoalbuminemia.61,125

Because of the limited availability and cost of species-specific albumin,

plasma products (e.g., fresh frozen plasma, frozen plasma, and CPP)

are sometimes used to treat hypoalbuminemia in dogs and cats.127

Although plasma products contain varying amounts of albumin,59

complications of plasma transfusions appear to be less risky than xeno-

transfusion with human albumin products.125,128–131 The volume

requirement and cost of plasma to raise serum albumin concentration

is a serious limitation in its use for treating hypoalbuminemia. For

many patients, nutritional support is more effective, less challenging,

less risky, and less costly than attempting to increase serum albumin

directly with natural colloids.132,133

Are Potassium-Containing “Balanced” Isotonic Crystal-
loids Harmful in Hyperkalemic Patients?
Hyperkalemia is a common electrolyte disturbance in small animal

patients with conditions such as urethral or bilateral ureteral obstruc-

tion, ruptured bladder, hypoadrenocorticism (dogs), anuric or oliguric

renal failure, and others.134 Many of these patients require fluid resus-

citation, and clinicians must choose between administering potassium-

free fluid (e.g., 0.9% NaCl) or balanced isotonic electrolyte solution

(e.g., lactated Ringer’s solution, Normosol-R, and Plasma-Lyte A).

Balanced isotonic electrolyte solutions for resuscitation contain

only a small amount of potassium (4–5 mEq/L) (Table 8). Several

studies have concluded that potassium-containing isotonic fluids are

not detrimental for fluid resuscitation and rehydration in hyperkale-

mic cats with urethral obstruction.135,136 Balanced isotonic fluids cor-

rect acid-base imbalances faster than an acidifying fluid such as 0.9%

NaCl. Balanced isotonic crystalloids also help prevent excessively

rapid sodium correction in hyponatremic patients who have hyper-

kalemia (e.g., Addisonian crisis).137 It is key to identify and treat the

underlying cause of hyperkalemia. Further management of severe
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hyperkalemia is indicated to prevent cardiac conduction disturbances

and other life-threatening complications when serum potassium is

.7 mmol/L.138

Are IV Fluids Indicated During CPR?
Fluid therapy is indicated during CPR if it will help mitigate hypovo-

lemia that led to the cardiopulmonary arrest. IV fluid therapy in the

form of crystalloid boluses increases preload and cardiac input in

small animal patients with hypovolemia or inappropriate vasodila-

tion (e.g., anaphylaxis, sepsis, and systemic inflammatory response

syndrome). Increasing the intravascular volume in euvolemic

patients, however, may ultimately decrease perfusion pressures and

reduce oxygen delivery to myocardial and cerebral tissues.139–142 For

this reason, the RECOVER Advanced Life Support guidelines for vet-

erinary CPR advocate a careful approach to the fluid prescription in

patients with cardiopulmonary arrest. These guidelines recommend

fluids for specific indications only, such as patients with or likely to

have hypovolemia or distributive shock.143,144 Experimental studies

in rats and pigs suggest there may be a neuroprotective effect associ-

ated with hypertonic saline administered during CPR,145–147 but clin-

ical evidence in dogs and cats with cardiopulmonary arrest is lacking.

Synthetic colloids should be avoided in these patients because of

potential risks and the absence of a survival benefit to justify the

risks.144 Patients with significant hemorrhage may require blood pro-

ducts. Patients with derangements in potassium, calcium, magne-

sium, glucose, or acid-base status may benefit from directed therapy

to help correct life-threatening abnormalities. Patients with acute

lipid-soluble toxicoses may benefit from IV lipid emulsion therapy.

Section 8: Fluid Administration
and Monitoring
Top Three Takeaways
1. Using skilled veterinary technicians to administer and monitor fluid

therapy allows the veterinarian to focus on the tasks they alone
must perform (i.e., diagnosing, prescribing—including the fluid
therapy prescription—prognosing, and surgery), leading to increased
efficiency and oversight of patients.

2. Monitoring during IV fluid therapy is critical to prevent fluid overload.
When patient monitoring or referral to a hospital that provides moni-
toring is not available, consider an alternate route of delivery.

3. Infusion pumps are frequently used; however, they may not always
be the optimal method for fluid administration.

Overview
IV fluids can be administered in a variety of ways. The veterinary

nursing care team must be trained in how to use each method to

avoid fluid overload in patients and related potential hazards. These

factors help determine the best mode for IV fluid delivery:

� Volume to be infused
� Total duration of infusion
� Level of monitoring available during administration
� Type of fluid administered

Fluid Administration
IV infusion pumps are most commonly used but are not always the

ideal mode of administration. For example, a large dog who needs a

rapid crystalloid infusion may need an infusion rate that exceeds the

1–2 L/hr that standard pumps provide. In this case, a pressure bag

would be the preferred method to deliver the large fluid volume in a

short time. For animals receiving a small volume of fluids, a syringe

pump may be more accurate than a standard infusion pump that

does not have micro settings (Table 16).

The IV administration set is another consideration in choosing

equipment. Smaller animals may benefit from a micro drip set

(60 drops/mL), which provides more precise fluid delivery. This can

be especially helpful when using the gravity method to deliver fluids

in small patients. Macro drip sets come in a variety of drip factors;

those most used in veterinary medicine are 10 drops/mL and

15 drops/mL. Fluid pumps are also usually designed for use with a

specific type or size of tubing, so it is important to match these to

ensure adequate fluid delivery (Table 16).

Use a new IV line and bag for each patient148 (see Table 17 for

IV catheter care and placement). Prime IV lines with the fluid to be

infused before use to avoid air embolism. A T-port can ease medica-

tion administration, and a Y-port can be used when administering

more than one compatible infusion.

IV fluid bags should not be used for saline flushes because of

the risk of contamination. Commercially prefilled syringes are pre-

ferred to decrease the chances of introducing bacterial contamination

that could lead to infection.149–151

If IV access is not achievable, consider IO catheters early in

treatment to avoid fluid resuscitation delays. IO devices are able to

quickly drill through the bone but require training. When no device

is available, needles or peripheral IV catheters can be used (see

https://www.youtube.com/watch?v=10twNYP1pB0 for instructions

on placing an IO catheter).

Fluid Monitoring
Trained nursing staff should continually monitor IV fluid adminis-

tration (Table 18). Without adequate monitoring, severe conse-

quences can occur and compromise patient care. Use multiparameter

monitoring to gain a broad picture of the patient’s volume and

hydration status and avoid fluid-related complications (Table 19).

Monitor patients at high risk for fluid overload at least every

2 hr (see Tables 19 and 20 for methods). Weigh these patients 2–3

times a day, check their respiratory rate every 1–2 hr, measure fluid
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TABLE 16

Intravenous Fluid DeliveryModes

Method of 
Delivery

Considerations

Fluid pump • Limits of very high and, possibly, very low rates of administration 

• Maximum administration rate can limit ability to rapidly deliver a bolus with large fluid volumes

Syringe  
pump

• Limited to small volumes 

• Attach the extension set close to the IV catheter to ensure patient receives the infusion in a timely manner

Gravity 
drip set

• Need to calculate drip rate: Fluid rate (mL/h) × Drip factor (gtt/mL)/3600 = gtt/s

• 

• Close monitoring is essential because there are no alarms

Buretrol • Used in conjunction with a fluid pump

• Prevents delivery of large fluid volume to small patients

• Allows for smaller volumes of additives, leading to less waste in smaller patients or in cases of frequent 

changes to fluid plans

Syringe • Hand administration of small volumes

• Do not leave attached to a patient while unattended

Pressure bag • Ideal when volume to be infused over given time exceeds the capabilities of a fluid pump and gravity set

gtt, drop; s, second

TABLE 17

Peripheral Intravenous Catheter Placement and Care Checklist

Large bore/
gauge, short 
cannula

• Larger gauge, short catheters provide less resistance to blood flow than longer, smaller gauge catheters.1 

Ideal to have in place should a need for rapid infusion arise. 

Aseptic 
preparation 
and care

• See the AAHA Infection Control, Prevention and Biosecurity Guidelines protocol for IV catheters at 

www.aaha.org/resources/2018-aaha-infection-control-prevention-and-biosecurity-guidelines 

Secure 
catheter

• Secure the first piece of tape to the catheter as an anchor. Use the smallest amount of tape possible 

and tab the tape ends for easy removal. 

• Use additional bandage material as needed. Be careful not to secure too tight or too loose to avoid 

swelling or premature dislodgement.  

Daily 
maintenance

• Check catheters at least two times per day. Fully unwrap bandage material covering the tape to 

examine the catheter site for signs of swelling or thrombophlebitis. Remove the catheter and place 

another one if indicated.

• Evidence in human patients shows that routine catheter replacement does not provide any benefit over 

replacing peripheral catheters when clinically indicated.2 

Clean ports 
when 
disconnecting

• Wipe ports with isopropyl alcohol.

• Needleless injection and connection ports are preferred.

1. Reddick AD, et al. Intravenous fluid resuscitation: was Poiseuille right? Emerg Med J. 2011;28(3):201-2.
2. Webster J, Osborne S, Rickard CM, Marsh N. Clinically-indicated replacement versus routine replacement of peripheral venous catheters. Cochrane Database Syst Rev.
2019;1(1):CD007798.
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inputs and urine output, and watch for signs of edema. If available,

perform focused ultrasonography for fluid responsiveness, which

includes scanning for cavity effusion and B-lines in the lungs and

evaluating the vena cava. For patients at risk of recurrence of hypo-

volemic shock, evaluating the inferior vena cava may be a better

indicator of recurrence than other more commonly monitored para-

meters such as heart rate and blood pressure.152

In smaller patients, especially pediatrics, keep in mind that serial

blood draws can decrease blood volume.

Fully utilizing veterinary technicians, who can not only set up

and run fluid therapy but also identify the signs of fluid-related com-

plications, allows the veterinarian to delegate this nursing task after

prescribing fluid therapy orders. The stronger a veterinary techni-

cian’s understanding of the “why” of fluid therapy, something that is

addressed in veterinary technology and nursing programs, the more

they can be optimized to their fullest potential, allowing for higher

efficiency of the veterinary team.

Many veterinary practices are either unable to provide 24 hr

care or geographically unable to refer patients to a 24 hr facility.

When continual patient monitoring is not possible, the task force

recommends giving IV fluids during the clinic’s open hours and SC

fluids before leaving for the night. A slightly higher IV fluid rate can

be used during the day unless contraindicated because of the

patient’s disease state. Patient monitoring must be provided when-

ever administering IV fluids.

TABLE 19

Evaluation and Monitoring Parameters That May Be Used for
Patients Receiving Fluid Therapya

aReprinted from Davis H, Jensen T, Johnson A, et al. 2013 AAHA/AAFP fluid therapy
guidelines for dogs and cats. J Am Anim Hosp Assoc. 2013;49(3):149-59.

� Including cardiac auscultation to identify new murmurs

TABLE 20

Methods toMonitor Fluid Outputs and Inputs

TABLE 18

Monitoring Fluid Delivery

Method of 
Delivery 

Monitoring

Fluid pump
Buretrol

• Set TVI to 0 at start. Document 

every 2–4 hours.

• Set VTBI for time frame between 

checks.

Syringe pump • Set TVI to 0 at start. Document 

every 2–4 hours.

• Set VTBI for time frame between 

checks.

Gravity drip set 
Pressure bag

• Mark top of fluids on bag at start 

and document every 1–2 hours.

• Monitor more frequently due 

to a higher risk of changes in 

volume delivered (e.g., every five 

minutes for volumes delivered 

over 15-20 minutes). 

Syringe • Use only for bolus administration. 

Do not leave attached to patient.

TVI, total volume infused; VTBI, volume to be infused
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Section 9: Conclusion
Fluid administration is a cornerstone of therapy for many canine

and feline patients. Patients who need fluid supplementation require

a personalized fluid therapy plan that ensures administration of the

proper fluid at the appropriate rate and volume. Relying on a “one-

rate-fits-most-patients” strategy in fluid therapy calculations is not

only impractical but also potentially harmful. Understanding the dif-

ferences between fluid types and their effects within the body’s fluid

compartments is crucial, along with thoughtful, comprehensive

patient assessment. Targeted fluid therapy prescriptions address each

patient’s resuscitation, rehydration, and maintenance requirements.

Fluid therapy also involves anticipating the changes in electrolytes

and other biologic parameters that will occur as a result of fluid ther-

apy and supplementing fluids or otherwise altering the treatment

plan to prevent adverse effects. Diligent patient monitoring is essen-

tial to gauge therapeutic response, indicating when changes to fluid

therapy plans are needed to optimize patient outcomes.
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