



Review Article
FLUID THERAPY IN CANINE
ABSTRACT Fluid therapy is the process of replacing fluids lost by the body through evaporation from the skin and respiratory tract, urine, feces, and pathological losses from diarrhea or vomiting. A common component of veterinary patient care is fluid therapy, which is necessary for a variety of clinical conditions ranging from milder ones like acute gastritis, which causes short-term inadequate voluntary intake to more moderate ones like chronic kidney disease to life-threatening emergencies like shock and significant volume loss. Total body water (TBW) accounts for about 60% of an adult animal's body weight and for 80% of newborn animals. TBW is found in the extracellular fluid (ECF) (about 33%) and the intracellular compartment (about 66%). Determining hydration status can be done using a number of fundamental tests. Measurement of the skin’s moisture content, or turgor, is one of the easiest. A turgor evaluation is performed by pulling the skin across the lumbar region or thorax. With a well-hydrated animal, the skin returns to its normal resting position. If the tent is more, it may be a sign of dehydration. The four primary routes of fluid transport are oral, subcutaneous (SC), intraosseous, and intravenous (IV) and intraperitoneal route. Intravenous and intraosseous methods give direct access to intravascular space; they are the most effective for critical conditions of animal individuals. IV fluid administration is typically used for hospitalized patients because the distribution rate may be readily controlled and altered based on medical needs.
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1. INTODUCTION

Fluid therapy is the process of replacing fluids lost by the body through evaporation from the skin and respiratory tract, urine, feces, and pathological losses from diarrhea or vomiting. The first intravenous delivery of salt-based treatments to cholera patients was reported by Thomas Latta in 1832. In both human and veterinary medicine, intravenous fluid administration has since taken over as the standard symptomatic treatment. It is the starting point for caring for companion animals with unusual fluid abnormalities and has emerged as the most popular therapeutic approach. The choice of fluid type and dosage is determined by the animal electrolyte balance, hemodynamic stability, hydration status (Yadav et al., 2024).
A common component of veterinary patient care is fluid therapy, which is necessary for a variety of clinical conditions ranging from milder ones like acute gastritis, which causes short-term inadequate voluntary intake to more moderate ones like chronic kidney disease to life-threatening emergencies like shock and significant volume loss. However, knowledge of the physiological elements influencing body fluid transport and electrolyte balance is necessary to achieve the intended therapeutic results rather than giving fluids that have no impact or exacerbate (Pardo et al., 2024).

About 60% of the body is made of water in adult animals compared to 80% in newborns and weanlings. Cats’ blood volume is about 65 mL/kg, while dogs’ is about 80 mL/kg. According to Muir et al. (2021), the water component is a crucial transport medium that forms the solution in which electrolytes and all metabolic substrates dissolve. Water moves easily through membranes by osmosis and diffusion, and this movement is influenced by oncotic and osmotic pressures. Along with bicarbonate and chloride, sodium is one of the primary extracellular electrolytes that affect the distribution of water. The three fundamental intracellular electrolytes are organic phosphates, potassium, and magnesium. Maintaining the body’s fluid, electrolyte, and acid-base balance is a complex process in which the kidneys are the most crucial organ (Raušerová-Lexmaulová, 2016).

2. NORMAL FLUID PHYSIOLOGY 

According to Burton and Hoper (2019), total body water (TBW) accounts for about 60% of an adult animal’s body weight, while Lyons and Waddell (2018) found that TBW accounts for 80% of newborn animals. TBW is found in the extracellular fluid (ECF) (about 33%) and the intracellular compartment (about 66%) (Stanzani and Chan, 2014). They are separated by the cell membrane. According to Tello and Perez-Freytes, (2017) the extracellular fluid (ECF) is divided into three spaces: intravascular (roughly 21.37% of ECF), interstitial space (roughly 75% ECF), and transcellular fluid (roughly 3.67% ECF). In dogs these spaces account for roughly 8% of total body weight, respectively. Osmotic forces cause water to flow easily through cell membranes, ensuring that the total solute concentrations (osmolality) are the same in every compartment. Fluid from the other compartment above must be used to replace any fluid lost from any of the other compartments. The main factor influencing osmolality is water intake, which includes thirst, water retention, and kidney excretion.
Chart 1 : The flowchart shows the normal fluid physiology 





3. PRINCIPLES OF FLUID THERAPY (Semler et al., 2019; de Morais and Dibartola, 2017)
The various types of fluids that are available for treatment include: 
1. Colloidal fluid, such as plasma or dextran
2. Electrolyte solution replacement and maintenance, such as Ringer's lactate or Normal saline solution 
3. 5% water with dextrose 

The type of fluid loss and the extent of volume depletion needs to guide the fluid selection. The following is the general formula for determining fluid requirements: 
Fluid required (mL) = Body weight (kg) x Percentage of Dehydration x 1000 + Insensible losses (40 to 60 mL/kg/day) + extra ordinary losses

4. FLUID DEFICIT DETERMINATION

 
 Dehydration assessment is required to identify a body’s fluid deficit. Intracellular dehydration is primarily detected by changes in sodium concentration; it cannot be detected by physical examination. Hypovolemia is present in some dehydrated animals, although clinical symptoms do not appear until the dehydration level approaches 10%. According to Kirby, (2015), dehydration can be lethal at levels above 12%, and the minimal percentage of fluid depletion noted on physical examination is 5%. Determining hydration status can be done using a number of fundamental tests. Measurement of the skin’s moisture content, or turgor, is one of the easiest. A turgor evaluation is performed by pulling the skin across the lumbar region or thorax. With a well-hydrated animal, the skin returns to its normal resting position. If the tent is more, it may be a sign of dehydration (Goucher et al., 2019). In Table 1 the skin turgor/tenting test, percentage of dehydration, and physical results, presenting varying subjective conclusions regarding the various percentages of dehydration are shown (Robinson, 2016).
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	Fig1:-Skin turgor test


Table:1 Assessment of dehydration (%) based on physical findings and skin turgor test.

	Dehydration (%)
	Skin turgor/tenting (Time to return to normal)
	Physical findings

	0-5
	<2 sec
	No abnormalities detectable

	5-8
	2- 4 sec
	Eyes slightly sunken in sockets, mucous membrane slightly dry or tacky

	8-10
	5-10 sec
	Eyes sunken in sockets, mucous membrane dry, slightly tacky

	10-12
	10-30 sec
	Eyes very sunken, dry mucous membrane, animal is depressed, sign of shock (hypovolemia)

	>12
	>30 sec
	Hypovolemia shock, death


5. REPLACEMENT FLUIDS IN VARIOUS DISORDERS 
(Castera and Borhade, 2023; Hoorn, 2017)
Table 2 :  Fluid Therapy in Various Disorders
	Disorder
	Fluid
	Suggested additives

	Daily maintenance: primary water depletion
	N/S Saline (0.18%) + 4.3% dextrose
	Potassium chloride  (10- 20mmol/litre) 

	Severe vomiting
	Ringer’s solution or normal saline (0.9%)
	Potassium chloride (10-20mmol/litre)

	Diarrhoea
	Lactated Ringer’s
	Potassium chloride (10-20mmol/liter) + Bicarbonate (2-3 mmol/kg) if severe and prolonged

	Bowel obstruction
	Colloid solution + Lactated Ringer’s
	Bicarbonate (2-3 mmol/kg) if in hypovolaemic shock

	Urethral obstruction, Ruptured bladder
	N/S saline + 4.3% dextrose or 0.9% saline
	Bicarbonate ( 2-3 mmol/kg)

	Severe haemorrhage
	Colloid or lactated Ringer’s
	

	Peritonitis, pancreatitis
	Colloid + lactated Ringer’s
	Bicarbonate (2-3 mmol/kg)

	Severe liver disaease
	N/s saline + 4.3% dextrose
	Potassium chloride ( 10 -20 mmol/liter)

	Neonatal  animals
	1/2 strength solution (diluted with sterile water)
	5% glucose

	Anorexia < 3 days
	5% glucose added to all infusions
	Potassium chloride,

Bicarbonate

	Anorexia > 4 days
	30ml/kg of lipid emulsions +30ml/kg of 5% glucose/ 5% amino acid mixture per day
	Haemaccel or Dextrane 70+ Intralipid


6. FLUID DEFICIT

Fluid loss may have occurred prior to clinic presentation, as in the case of animals with a history of chronic vomiting or diarrhea, or it may have been anticipated during treatment, as is often the case with post-obstructive diuresis in cats with urinary obstruction. The kind, quantity, and route of fluid therapy must be chosen with these losses in mind (Lee and Cohn, 2016).Veterinarians should record urination, defecation, vomiting, diarrhea, gastrointestinal contents or effusions being expelled, blood leaking, and minor losses (such as panting)  (Hughston, 2016).

7. ROUTE OF FLUID ADMINISTRATION 

The four primary routes of fluid transport are oral, subcutaneous (SC), intraosseous, and intravenous (IV) and intraperitoneal route. Intravenous and intraosseous methods give direct access to intravascular space; they are the most effective for critical conditions of animal individuals. IV fluid administration is typically used for hospitalized patients because the distribution rate may be readily controlled and altered based on medical needs. An analysis of the many methods of administering fluids:
8. ROUTE 

8.1. Oral (Chow, 2021;Tenne et al., 2016)
A. Indications: - Anorectic pet with minor, transient conditions. 
B. Methods:- Considering the size of the animal - a small dosing syringe, a stomach tube, a pharyngostomy tube, a small baby bottle.
C. Benefits: - Preferred method for newborns and small animals weighing less than 20 kg. 
D. Limitations:- Aspiration pneumonia is not helpful in hypovolemic shock and should never be administered to an animal that is vomiting. 
The simplest method of fluid therapy is oral, which can treat dehydration and moderate salt toxicity. The patient can be given a pre-calculated water bowl at regular intervals, and the amount of water consumed can be measured (Aghsaeifard et al., 2022).  However, different fluid resuscitation techniques may be used for pets who have gastrointestinal pathology (Parvovirus infection), vomiting, or who are unable to consume enough water to maintain regular urine output or establish and maintain fluid homeostasis (Thakuri et al., 2023).
8.2. Subcutaneous (Byers, 2016;Chohan and Davidow, 2024)
A. Indications:- To remedy mild to moderate dehydration. Ideal for pets with body weights over 10 kg 
B. Procedure: - Only isotonic fluids should be used. -The best method for this route is gravity flow using 18 to 20 gauze (for adult pets) and a smaller 
gauge needle (for pediatric patients). No more than 10-12 mL/kg/site to be 
administered. Fluid must be deposited dorsally along the area bordered by iliac crests on the back and scapulae on the front. 
C. Limitation:- Avoid  hypertonic and hypotonic fluids, stay away from fluids on  
infected skin, Hypovolemic patients cannot utilize it.
 The subcutaneous route is expected to stop losses and is not recommended for replacement therapy, with the exception of mild water deficit and dehydration or to help patients with chronic illnesses. It is simple to administer and can be taught to the pet attendant (Caccialanza et al., 2018). It is only appropriate to utilize this method for isotonic crystalloids. This method should not be used to deliver dextrose, hypotonic, or hypertonic solutions because the concentration gradient is diffused into the infusion area by extracellular electrolyte. Hypotension will arise from the subsequent decrease in plasma solute, which will lower the volume of blood in circulation (Epstein et al., 2024).

8.3. Intraperitoneal (Manzoor et al., 2025)
A. Indications:- When medium and large breeds cannot receive an intravenous route. 
B. Procedure:- Use only isotonic fluids, and use a gauze needle (16–20), depending on the animal size. The infusion site is situated halfway between the umbilicus and the pelvic brim, lateral to the midline.
 C. Benefits include:- A relatively quick absorption rate and a sufficient amount of fluid over a brief period of time. 
D. Limitations:- Hypertonic fluid can worsen dehydration; its use should be avoided in patients who have abdominal infection, ascites, or peritonitis; and it should not be administered to patients who are awaiting abdominal surgery.
8.4. Intravenous (Finfer et al., 2018; Debbarma et al., 2025)
A. Indications:- A severe case of hypovolemia and dehydration, most 




effective.Supportive treatment is also essential, including intravenous fluids to maintain hydration.
B. Procedure: The insertion of a needle or cannula should be carried out in a sterile manner, and constant hygienic conditions should be maintained. 
C. Advantages:- The best way to treat hypotension, as it delivers fluids precisely and quickly. 
D. Limitations:- Phlebitis, catheter sepsis and fluid excess.
Intravenous preferred for medium to large pets and those who are extremely dehydrated is intravenous (Chohan et al., 2024). Clinicians can swiftly adjust to patients’ shifting demands while using the intravenous method. This method necessitates the sterile insertion of a cannula or scalp vein into the vein. Understanding the fluid demand and other related issues is crucial to the effectiveness of this approach. Phlebitis, catheter sepsis, fluid overload, and fluid leakage into the surrounding subcutaneous tissue are frequent side effects. To avoid iatrogenic consequences, a new cannula should be used every 72 hours if one is being utilized (Cho et al., 2024).

	[image: image2.jpg]




	Fig2:- Intravenous fluid in dog 


8.5. Intraosseous (Kovak and  Silverstein, 2022)
A. Indications:- It is impossible to obtain intravenous access. Useful primarily for 
tiny (small) animals.
B. Procedure:- The trochanteric fossa of the femur, proximal medial tibia, or one 
centimeter distal to the tibial tuberosity are frequent locations. A thin bone 
marrow needle, spinal needle, or 18– 20 gauge hypodermic needle are inserted with a little nick incision.
Animals with burns and edema, the intraosseous route are the preferable method when the intravenous technique is not feasible for a pet weighing less than 5 kg. Because bone marrow provides direct access to the systemic circulation, the majority of medications can be safely and effectively delivered through the intraosseous route (Dornhofer et al., 2025).
9. FLUID SELECTION 

Common crystalloid and colloid solutions available for canines including their osmolality (Rieser, 2020).
Table 3 : Osmolality of Common IV Fluids
	Solution
	Osmolality (mOsm/L)

	Crystalloid solutions
	

	Lactated Ringer’s
	273

	0.9% saline (Normal Saline)
	308

	0.45% saline
	154

	5% dextrose in water (D5W)
	252

	Plasma-Lyte A
	 294

	Normosol-R
	294

	Colloid solutions
	

	Hydroxyethylstarch (Hetastarch)
	310

	VetStarch
	310

	Dextran 70
	310

	Gelatin-based solutions
	274

	Albumin
	300 - 320


9.1. Crystalloids:-
This kind of fluid comprises small solutes (less than 500 Da), mostly electrolytes and sometimes compounds like lactate or glucose. Because their solutes are tiny, these solutions can easily pass through the capillary wall, and within 20 to 30 minutes, around 60 to 80% of them disperse out of the intravascular space (Smith, 2017). According to their plasma tonicity, which ranges from 270 mOsm/L to 320 mOsm/L in dogs and cats (Debra and Deborah, 2015), crystalloid fluids can be categorized as isotonic, hypotonic, or hypertonic (Barlow et al., 2020).

9.2. Isotonic fluid:- 

It has the same effective osmolality (about 270 to 310 mOsm/L) as the ECF. According to Madhavan et al. (2023), it has a sodium content that is comparable to ECF and has minimal impact on intracellular volume. Isotonic fluid is quite similar to plasma in terms of its electrolyte concentration and pH. These solutions are superior to other maintenance solutions since they can be delivered orally in addition to the other ways listed above. Considering that most fluid losses are isotonic or hypotonic, isotonic fluid is frequently utilized to treat intestinal dehydration and hypovolemia (Hansen and Vigani, 2017). Ringer’s, lactated Ringer’s, acetated Ringer’s, 2.5% dextrose in 0.45% saline, and 0.9% normal saline or physiological saline are examples of isotonic solutions that are often employed. Physiological saline (310 mOsm/L) or 0.9% normal saline is frequently used for rehydration (Cooper et al., 2022). The main applications include volume expansion, hyponatremia treatment, and metabolic alkalosis treatment in conjunction with potassium chloride supplementation. The inability of a 0.9% normal saline infusion to buffer can be made worse by metabolic acidosis. According to Tonog and Lakhkar, (2019) patients with congestive heart failure or any other condition that limits sodium use should not use it after plasma volume restoration. Ringer's solution is an example of an isotonic solution (309 mOsm/L). Ringer's solution contains potassium and calcium at levels that are almost identical to those of blood and extracellular fluid, although the potassium concentration is supraphysiologic (155 mEq/L). If a potassium and calcium shortage is found, extra recommendations should be made for this fluid. According to Singh et al. (2021), lactated ringer’s solution (LRS) (273 mOsm/L) is an isotonic solution made up of polyions.
 Since the electrolyte concentration of LRS is similar to that of plasma, it is more physiological than isotonic saline. The patient’s liver reverses metabolic acidosis by converting the lactate ions of LRS to bicarbonate. Therefore, it should never be administered to individuals who already have respiratory or metabolic alkalosis. Because lactate cannot be converted to bicarbonate, LRS use should be restricted in patients with diabetic ketoacidosis and hepatic impairment (Rout et al., 2025). It is recommended that individuals with hypokalemia supplement with LRS, which has 4mEq of potassium per liter. It is a great option for acidotic animals and is frequently used as a maintenance solution, rehydration solution, and plasma expander.
Dextrose is nearly isotonic (280 mOsm/L) at 2.5% in 0.45% saline. Following rehydration and proper electrolyte restoration, potassium chloride supplementation is the preferred fluid for maintenance in dehydrated patients (Pathak et al., 2024).
9.3. Hypotonic solution:-
 
 Sodium ions (Na+) and chloride ions (Cl-) are less prevalent in this solution (Robinson, 2016). According to Vujovic et al. (2018), it has a lower effective osmolality than plasma and ECF. This causes all fluid compartments to be redistributed; with the majority entering intracellular space. Water maintenance and replenishment are made possible by this. For bolus therapy, hypotonic solutions are not suitable since they do not increase intravascular volume and can cause cerebral edema due to intracellular fluid redistribution. Hypotonic solutions move water into erythrocytes, causing hemolysis when they are directly supplied. Therefore, dextrose is present in a number of hypotonic solutions.
So, first isotonic solutions are utilized. Dextrose that is rapidly metabolized produces a hypotonic solution. These solutions often supply intracellular hydration, but because potassium is often deficient and sodium and chloride are frequently supplied in excess, they are frequently inappropriate for maintenance electrolyte requirements (Silva and Marcos, 2025). Patients with hypotonic fluid losses that lead to hypernatremia or those with renal impairment who are unable to eliminate the salt from balanced isotonic solutions are treated with hypotonic crystalloids (Langston, 2017). As a result, it is recommended that, to the greatest extent feasible, maintenance fluid requirements be supplied through feed. 
Hypotonic solutions can be defined as follows: a) 5% dextrose solution in water (D-5-W, 253 mOsm/L); b) 2.5% dextrose solution (D-2.5-W, 126 mOsm/L); and c) 0.45% sodium chloride solution (155 mOsm/L). Patients with hypernatremia, those who are intolerant to salt, and those who are consuming carbohydrates all utilize this solution. It should not be the sole intravenous treatment because it can result in hypomagnesemia, hyponatremia, hypochloremia, and hypokalemia. During the first hour of infusion, 66% of the infused fluid volume will migrate to intracellular space; hence D-5-W should never be utilized to adjust for extracellular fluid deficit. For a longer period of time, however, isotonic solution remains in the extracellular space (Auckburally, 2016).
9.4. Hypertonic solution: 

The osmolality of hypertonic saline solutions is higher than that of plasma and ECF, which is significant. A popular hypertonic solution with an osmolality of 560 mOsm/L is 5% dextrose in 0.9% saline. It should be given gradually via IV and never used on dehydrated animals, even if it can help maintain fluid balance in humans who have been fully rehydrated. It can give individuals who are hyponatremic and well-hydrated energy and sodium supplements (Mason et al., 2019).
Kim et al. (2020) Reported that a minimal volume of hypertonic saline solution (7.5%) can successfully start hemorrhagic shock resuscitation. 4 to 5 mL/kg of sodium chloride 7.5% (2400 mOsm/L) can stimulate increased renal, total splanchnic, and coronary blood flow while also quickly raising blood pressure and cardiac output. The circulation volume may temporarily increase as a result of this treatment’s effects on vasodilation, myocardial contractility, and fluid redistribution from the extravascular to the intravascular compartments
9.5. Colloid solution:-
Large molecules, usually above 10,000 Da, make up colloid solutions, which also have a longer half-life in the intravascular space than crystalloids (Cazzolli and Prittie, 2015; Liu and Silverstein, 2015). The colloid solution that is most commonly used to treat hypovolemia is hydroxyethyl starch (HES). The colloid’s effectiveness is maintained in the intravascular space, despite the possibility of some extravasation. Hoffman and Lyons (2016) the half-life of colloids varies according to their molecular makeup. Colloid administration does not cause interstitial water to enter the intravascular area. Since there is no absorption at the venules, it does, however, prevent filtering out of the intravascular area. HES is under a “black box” warning from the Food and Drug Administration. Bae et al. (2017) in dogs 10% HES solution in a study had a higher chance of developing AKI and dying. Coagulation, pruritus, reticuloendothelial dysfunction, proinflammatory effects, volume overload, hepatopathy, and anaphylaxis are further possible negative reactions to HES. To ascertain the risk-benefit ratio in animal patient populations, however, more research is required. Human serum albumin, canine albumin, and fresh or frozen plasma are additional colloids being used in treatment (Öztürk and Mamak, 2024).
 Because plasma contains albumin and coagulation factors, it is especially advantageous. Nevertheless, providing significant amounts is required to have an oncotic impact because the albumin content is similar to plasma. For example, injecting 40–50 mL/kg can increase serum albumin levels by 1g/dL (Munoz et al., 2024). Although species-specific albumin would be ideal, it is expensive and scarce. Schneider et al. (2023) concentrated human serum albumin can be utilized for dogs with hypoalbuminemia. However, because it is not homologous with canine albumin, a hypersensitive reaction may occur either immediately or gradually. 

10. CONCLUSION

Fluid therapy is an essential treatment for dogs to address issues related to hydration, electrolytes, and acid-base balance, but its effectiveness relies on personalized care and careful management to prevent complications such as fluid overload. While balanced crystalloids are commonly used, selecting the appropriate type of fluid, dosage, and administration rate is crucial and requires ongoing assessment of the patient’s hydration status, electrolyte levels, and hemodynamic stability. A thorough investigation of fluid therapy in veterinary medicine is important for those aiming to deliver optimal care to their animal patients. By keeping informed about the most recent studies and recommendations, veterinary practitioners can guarantee that they deliver the most effective and safe fluid therapy to their patients. With careful attention to detail and a dedication to high standards, veterinarians and animal care providers can assist in ensuring their patients receive optimal care.
Reference
1. Aghsaeifard, Z., Heidari, G., Alizadeh, R. (2022). Understanding the use of oral rehydration 

therapy: A narrative review from clinical practice to main recommendations. Health Science

Reports, 5(5), e827. https://doi.org/10.1002/hsr2.827

2. Auckburally, A. (2016). Fluid therapy and blood transfusion. In BSAVA Manual of Canine and 
Feline Anaesthesia and Analgesia (pp. 234-257). http://dx.doi.org/10.22233/9781910443231.18

3. Bae, J., Soliman, M., Kim, H., Kang, S., Kim, W., Ahn, S., Yu, D. (2017). Rapid 

exacerbation of renal function after administration of hydroxyethyl starch in a dog. Journal of Veterinary Medical Science, 79(9), 1591-1595. https://doi.org/10.1292/jvms.17-0196

4. Barlow, A., Barlow, B., Tang, N., Shah, B. M., King, A. E. (2020). Intravenous fluid management in critically ill adults: a review. Critical Care Nurse, 40(6), e17-e27.


https://doi.org/10.4037/ccn2020337
5. Burton, A. G., Hopper, K. (2019). Hyponatremia in dogs and cats. Journal of 
Veterinary Emergency and Critical Care, 29(5), 461-471. https://doi.org/10.1111/vec.12881
6. Byers, C. G. (2016). Fluid Therapy: Options and Rational Selection. The Veterinary Clinics of North America. Small Animal Practice, 47(2), 359-371. https://doi.org/10.1016/j.cvsm.2016.09.007

7. Caccialanza, R., Constans, T., Cotogni, P., Zaloga, G. P., Pontes‐Arruda, A. (2018). Subcutaneous infusion of fluids for hydration or nutrition: a review. Journal of Parenteral and Enteral Nutrition, 42(2), 296-307. https://doi.org/10.1177/0148607116676593

8. Castera, M. R., Borhade, M. B. (2023). Fluid management. StatPearls Publishing, Treasure Island (FL).https://europepmc.org/article/nbk/nbk532305
9. Cazzolli, D., Prittie, J. (2015). The crystalloid-colloid debate: consequences of resuscitation fluid selection in veterinary critical care. Journal of Veterinary Emergency and Critical Care, 25(1), 6-19.  doi: 10.1111/vec.12281
10. Cho, C., Koser, B. W., Das, J. M. (2024). Scalp Vein Catheterization. In StatPeals. https://www.ncbi.nlm.nih.gov/books/NBK565911/
11. Chohan, A. S., Davidow, E. B. (2024). Clinical pharmacology and administration of fluid, electrolyte, and blood component solutions. Veterinary Anesthesia and Analgesia: The Sixth Edition of 
Lumb and Jones,(pp. 580-612). https://doi.org/10.1002/9781119830306.ch32
12. Chow, R. S. (2021). Terms, definitions, nomenclature, and routes of fluid administration. Frontiers in Veterinary Science, 7, 591218. 
https://doi.org/10.3389/fvets.2020.591218
13. Cooper, E., Guillaumin, J., Her, J., Yaxley, P., Young, A. (2022). Small Animal Fluid Therapy.  https://books.google.co.in/books
14. de Morais, H. A., Dibartola, S. P. (2017). Advances in Fluid, Electrolyte, and
Acid-base Disorders, An Issue of Veterinary Clinics of North America:Small Animal Practice, 47 (2). 
https://www.google.co.in/books/edition/Advances_in_Fluid_Electrolyte_and_Acid_B/cdsnvgAACAAJ
15. Debbarma, J., Rajesh, J. B., Christen, C., Kumar, N., Kar, P., Rose, K. T., Debnath, A. (2025). Jaundice in Dogs: Exploring Herbal Remedies and Comprehensive Therapeutic Approaches. Journal of Advances in Biology and Biotechnology, 28(8), 1103-1111.
https://doi.org/10.9734/jabb/2025/v28i82783
16. Debra, T.L., Deborah, C.S. (2015). Crystalloids, colloids, and hemoglobin-based oxygen-carrying solutions. In Small Animal Critical Care Medicine (pp. 311-316). doi: 10.1016/B978-1 4557-0306-7.000581
17. Dornhofer, P., McMahon, K., Kellar, J. Z. (2025). Intraosseous vascular access. In StatPearls.


https://www.ncbi.nlm.nih.gov/books/NBK554373/
18. Epstein, E. M., Patel, P. Waseem, M. (2024). Crystalloid fluids. In StatPearls. https://www.ncbi.nlm.nih.gov/sites/books/NBK537326/

19. Finfer, S., Myburgh, J., Bellomo, R. (2018). Intravenous fluid therapy in critically ill adults. Nature Reviews Nephrology, 14(9), 541-557. https://doi.org/10.1038/s41581-018-0044-0
20. Goucher, T. K., Hartzell, A. M., Seales, T. S., Anmuth, A. S., Zanghi, B. M.,
Otto, C. M. (2019). Evaluation of skin turgor and capillary refill time as predictors of dehydration in exercising dogs. American Journal of Veterinary Research, 80(2), 123-128.

https://avmajournals.avma.org/view/journals/ajvr/80/2/ajvr.80.2.123.xml
21. Hahn, R. G., Lyons, G. (2016). The half-life of infusion fluids: an educational review. European Journal of Anaesthesiology,33(7),475-482. 



DOI: 10.1097/EJA.0000000000000436
22. Hansen, B., Vigani, A. (2017). Maintenance fluid therapy: isotonic versus hypotonic solutions. Veterinary Clinics of North America, Small Animal 
Practice, 47(2), 383-395. https://doi.org/10.1016/j.cvsm.2016.10.001

23. Hoorn, E. J. (2017). Intravenous fluids: balancing solutions. Journal of Nephrology, 30(4), 485-492. https://europepmc.org/article/nbk/nbk532305
24. Hughston, L. (2016). The Basic of Fluid Therapy for Small Animal Veterinary Technician.  Today's Veterinary Technician,1(4), 22-30. Doi/full/10.5555/20173031828

25. Kim, H. Y., Nam, A., Song, K. H., Youn, H. Y., Seo, K. W. (2020). Effect of 
7.5% hypertonic saline solution on whole blood coagulation in healthy dogs using thromboelastography. Journal of Veterinary Emergency and Critical Care, 30(4), 442-448. https://doi.org/10.1111/vec.12959
26. Kirby, R., Rudloff, E., Linklater, A. K. (2015). Small Animal Emergency and 
Critical Care Medicine (pp. 246-246). https://doi.org/10.1201/b17981
27. Kovak, N., Silverstein, D. C. (2022). Daily Intravenous Fluid Therapy. Small 
Animal Critical Care Medicine E-Book, 1, 396. https://books.google.co.in/books
28. Langston, C. (2017). Managing fluid and electrolyte disorders in kidney disease. Veterinary Clinics: Small Animal Practice, 47(2), 471-490. https://doi.org/10.1016/j.cvsm.2016.09.011

29. Lee, J. A., Cohn, L. A. (2016). Fluid therapy for pediatric patients. The Veterinary Clinics of North America. Small Animal Practice, 47(2), 373. Doi: 10.1016/j.cvsm.2016.09.010
30. Liu, D.T., Silverstein, D.C. (2015). Crystalloids, colloids, and hemoglobin-based oxygen carrying solutions. Small Animal Critical Care Medicine (pp 311-315). 

https://doi.org/10.1016/B978-1-4557-0306-7.00058-1
31. Lyons, B. M., Waddell, L. S. (2018). Therapy in hospitalized patients: patient assessment and fluid choices. Today's Veterinary Practice, 8(1), 60-71. https://www.cabidigitallibrary.org/doi/full/10.5555/20183084320 
32. Madhavan Unny, N., Zarina, A., Beena, V. (2023). Fluid and electrolyte balance. In Textbook of Veterinary Physiology (pp.193-211). https://doi.org/10.1007/978-981-19-9410-4_8
33. Manzoor, I., Rasool, A., SS, J. (2025). Multimodal Diagnosis and Management of Canine Ascites: A Clinical Case Report. Archives of Razi Institute, 80(3), 807-812. 
Doi: 10.32592/ARI.2025.80.3.807
34. Mason, A., Malik, A., Ginglen, J. G. (2019). Hypertonic fluids. StatPearls Publishing, Treasure Island (FL).https://europepmc.org/article/NBK/nbk542194
35. Muir, W. W., Hughes, D., Silverstein, D. C. (2021). Fluid therapy in animals: physiologic principles and contemporary fluid resuscitation 
considerations. Frontiers in Veterinary Science, 8, 744080. 
https://doi.org/10.3389/fvets.2021.744080
36. Munoz, A. C., Jain, N. K., Gupta, M. (2024). Albumin colloid. StatPearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK534241/
37. Öztürk, M., Mamak, N. (2024). Importance and Areas of Use of Biomarkers in Veterinary Medicine Clinical Practice. Current Research and Treatment In Animals, 1. https://bookchapter.org/kitaplar/
38. Pardo, M., Spencer, E., Odunayo, A., Ramirez, M. L., Rudloff, E., Shafford, H., Wolff, E. (2024). 2024 AAHA fluid therapy guidelines for dogs and cats. Journal of the American Animal Hospital Association, 60(4), 131-163. https://doi.org/10.5326/JAAHA-MS-7444
39. Pathak, A., Singh, S. P., Saikia, R., Bisht, P. (2024). Maintenance of fluids, electrolytes, and acid–base therapy in dogs and cats. In Introduction to Diseases, Diagnosis, and Management of Dogs and Cats (pp. 55-73). https://doi.org/10.1016/B978-0-443-18548-9.00005-6
40. Raušerová-Lexmaulová, L. (2016). Fluid therapy in dogs and cats. European Journal of Companion Animal Practice, 26(3), 19-26. 
https://www.fecava.org/wp-content/uploads/2019/09/autumn-2016.pdf
41. Rieser, T. (2020). Fluid therapy. Clinical Small Animal Internal Medicine (pp.355-364). 
https://doi.org/10.1002/9781119501237.ch36
42. Robinson, R. (2016). Companion animal fluid therapy: Planning and monitoring.  Veterinary   
Times, 46(37), 22-26. https://www.cabidigitallibrary.org/doi/full/10.5555/20163322027 
43. Rout, P., Patel, P., Davis, D. (2025). Ringer's Lactate. In StatPearls. Treasure Island (FL). https://www.ncbi.nlm.nih.gov/books/NBK500033/
44. Schneider, S., Hartmann, K., Dörfelt, R. (2023). Influence of intravenous 10% amino acids infusion on serum albumin concentration in hypoalbuminemic dogs. Frontiers in Veterinary Science, 10, 1198534. https://doi.org/10.3389/fvets.2023.1198534
45. Seifter, J. L., Chang, H. (2017). Extracellular acid-base balance and ion transport between body fluid compartments. Physiology, 32(5),367-379, doi: 10.1152/physio l.00007.2017
46. Semler, M. W., Siew, E. D., Shaw, A. (2019). Principles of fluid therapy. In Critical Care Nephrology (pp. 350-353). https://doi.org/10.1016/B978-0-323-44942-7.00059-5
47. Silva, C., Marcos, P. (2025). Intravenous fluid therapy: essential components 
and key considerations. Porto Biomedical Journal, 10(4), e296. DOI: 10.1097/j.pbj.0000000000000296
48. Singh, S., Kerndt, C.C., Davis, D., (2021). Ringer’s Lactate. StatPearlsPublishing,Treasure Island (FL). https://europepmc.org/article/NBK/nbk500033
49. Smith, L. (2017). Choosing between colloids and crystalloids for IV infusion. Nursing Time, 113(12), 20-23. https://insight.cumbria.ac.uk/id/eprint/5112/
50. Stanzani, G., Chan, D.L. (2014). Controversies in fluid therapy. EuropeanJournal of Companion Animal Practice, 24(2), 14-23. https://www.researchgate.net/publication/263279754__
51. Tello, L., Perez-Freytes, R. (2017). Fluid and electrolyte therapy during vomiting and diarrhea.Veterinary Clinics of North America: Small Animal Practice, 47(2), 505-519. DOI: 10.1016/ j.cvsm.2016.09.013
52. Tenne, R., Sullivan, L. A., Contreras, E. T., Olea-Popelka, F., Twedt, D. C., 
Fankhauser, J., Lappin, M. R. (2016). Palatability and clinical effects of an oral recuperation fluid during the recovery of dogs with suspected 
parvoviral enteritis. Topics in Companion Animal Medicine, 31(2), 68-72. https://doi.org/10.1053/j.tcam.2016.08.001
53. Thakuri, R. R., Shrestha, Y., Rana, S., Pathak, N. (2023). Case Report: Effect of Oral Rehydration Solutions Added to the Conventional‎ Treatment Protocol for the Treatment of Parvoviral Enteritis. Journal of Current 
Veterinary Research, 5(1), 69-79. https://doi.org/10.21608/jcvr.2023.296033
54. Tonog, P., Lakhkar, A.D. (2019). Normal Saline. StatPearls Publishing, Treasure Island (FL). 

https://europepmc.org/article/nbk/nbk545210
55. Vujovic, P., Chirillo, M., Silverthorn, D.U. (2018). Learning (by) osmosis: An approach to teaching osmolarity and tonicity. Advances in Physiology Education, 42(4), 626-635. DOI: 10.1152/advan.00094.2018
56. Yadav, S. N., Ahmed, N., Boro, P. K. (2024). Understanding fluid therapy in 
canine and feline medicine: A comprehensive guide. Indian Journal of Animal Health, 63(2), 185-193. 
DOI: https://doi.org/10.36062/ijah.2024.13123
60% of the total body


weight is fluid in healthy animal





33.33% of the total body is extracellular fluid 





66.67% of the total body fluid is intracelluar fluid





3.67% of total ECF is transcellular fluid





21.36% of the total ECF is intravascular fluid





75% of ECF interstitial fluid









