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Fluid Therapy in Equine Patients:  
Small-Volume Fluid Resuscitation
Lucas G. Pantaleon, DVM, MS, DACVIM
Woodford Equine Hospital 
Versailles, Kentucky

In horses and humans, the optimal fluid for resuscitation 
varies according to the clinical situation.1–3 However, the 
goal of fluid therapy is always to maintain vascular vol-

ume, blood pressure, and cardiac output to prevent organ 
dysfunction.4,5

 Fluid therapy is essential to decrease mortality and accel-
erate recovery.1,6,7 An adequate fluid therapy plan requires 
evaluation of the patient’s physical condition, understanding 
of the principles of body fluid homeostasis and distribution, 
and selection of the appropriate fluid type.6

 The major questions regarding fluid therapy in critically 
ill equine patients are the following1,7–9:

Which fluids or fluid combinations should be used?•	
Which regimen is safest and most effective? •	

The goals of fluid therapy resuscitation in critically ill patients 
(e.g., those with hypovolemia and septic shock) include 
correction of hypotension and hypovolemia to achieve the 
following4,6: 

 Stabilize the cardiovascular system and improve cardiac •	
output (e.g., blood pressure, capillary refill time, distal 
limb perfusion)
 Improve organ perfusion (e.g., mentation, urine output) •	
and normalize tissue oxygenation
 Correct electrolyte and acid–base abnormalities (e.g., lac-•	
tate concentration)
 Stabilize vital signs (e.g., temperature, pulse, respiration)•	

 In equine patients, fluid therapy is the mainstay for treating 
conditions such as sepsis, endotoxemia, colic, hypovolemia, 
and shock.10,11 Shock can be initiated by diverse etiologies 

and is characterized by failure of the circulatory system to 
maintain tissue perfusion, ultimately resulting in irreversible 
cellular damage if not corrected.4,5 Distributive shock, which 
is caused by sepsis or endotoxemia, is a more complex form 
of shock characterized by peripheral vasodilation despite 
preserved or increased cardiac output, leading to ineffective 
tissue oxygen delivery and extraction.4,5 Furthermore, dele-
terious effects of systemic inflammatory response syndrome 
(SIRS) on endothelial cells result in hypovolemia despite 
adequate fluid therapy.4–6 During SIRS, vascular damage 
with secondary edema formation occurs, and uncontrolled 
neutrophil activation induces tissue damage. Moreover, acti-
vation of coagulation and fibrinolysis leads to disseminated 
intravascular coagulation. These events ultimately result in 
organ dysfunction and failure. 

Abstract: Fluid therapy is an important component of resuscitation and treatment of critically ill equine patients. However, the deci-
sion of which fluid type to use in certain critical situations is somewhat controversial. This article focuses on the potential benefits 
of performing small-volume resuscitation in critically ill horses by combining hypertonic saline with a colloid (e.g., hetastarch).
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Key Points

Prevention of multiple organ dysfunction or failure is •	
the ultimate goal of fluid resuscitation. 

Plasma volume expansion using a hydroxyethyl starch •	
solution can be equivalent to the volume infused. 

Rapid correction of hemodynamics and ease of •	
transport make small-volume resuscitation an attractive 
therapy. However, after this therapy, it is imperative to 
quickly administer crystalloid fluids to maintain vascular 
volume and interstitial and cellular fluid levels.

In this article, •	 small-volume resuscitation refers to 
rapid infusion of a combination of hypertonic saline and 
hetastarch, a colloid.
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Types of Fluid Therapy
The electrolyte compositions of commercial crystalloid and 
colloid preparations are summarized in TABLE 1. Crystalloids 
(i.e., Normosol-R [Abbott Laboratories], lactated Ringer’s 
solution, 0.9% NaCl) are the most widely used resuscitation 
fluids in equine patients and can also be classified as main-
tenance fluids.11,12 The typical administration rate for crystal-
loids during fluid resuscitation is 60 to 80 mL/kg as a bolus. 
However, the use of a large volume of 0.9% NaCl has been 
associated with hyperchloremic metabolic acidosis due to 
an increased plasma chloride concentration and a decreased 
strong ion difference.13,14 Hypertonic saline solution is a 
hyperosmotic crystalloid with a high sodium content (7.2% 
to 7.5%). It is primarily used for small-volume resuscitation 
(defined as rapid infusion of hypertonic saline [3 to 6 mL/
kg] with or without colloids).15–17 In this article, small-volume 
resuscitation refers to the rapid infusion of a combination of 
hypertonic saline and hetastarch, a colloid. 
 Maintenance crystalloids contain a higher potassium con-
centration and lower sodium and chloride concentrations 
than resuscitation crystalloids. Crystalloids are administered 
at a maintenance rate after resuscitation fluid therapy. The 
typical maintenance rate is 2.5 mL/kg/h for adult horses and 
3 to 5 mL/kg/h for neonatal foals.18

 Colloids can be natural (plasma, whole blood) or syn-
thetic (hydroxyethyl starch solutions [hetastarch, pentastarch], 
dextran, polymerized hemoglobin).6 When crystalloids and 
colloids are titrated to the same level of filling pressure, 
they are equally effective in restoring tissue perfusion.4,9,19,20 
Hydroxyethyl starch solutions are the focus of this article. 
 The goals of fluid resuscitation are listed in TABLE 2.

Hydroxyethyl Starch
Hydroxyethyl starches are synthetic polymers derived 

from amylopectin, a branched polysaccharide polymer.21,22 
Hydroxyethyl starches are polydisperse colloids, meaning 
they contain a range of different molecular-weight parti-
cles.21,23 The pharmacokinetics of a hydroxyethyl starch are 
related to its size (molecular weight), which determines col-
loidal activity, and its degree of substitution (attachment of 
hydroxyethyl ether groups to carbons 2, 3, and 6 of the glu-
cose moieties).21,22,24,25 The degree of substitution determines 
metabolism (by serum amylase) and circulating half-life; thus, 
the higher the degree of substitution (expressed by a number 
between 0 and 1), the slower the metabolism, and the longer 
the duration of effect.21,22 The many types of hydroxyethyl 
starch differ in their concentration, molecular weight, and 
degree of substitution. In the United States, two types of 
hydroxyethyl starch with a high average molecular weight 
(670 kD) and degree of substitution (0.7 to 0.75 [70% to 75% of 
starch molecules carry a hydroxyethyl group]) are approved 
for volume expansion (i.e., 6% hetastarch in 0.9% NaCl; 6% 
hetastarch in lactated balanced electrolyte solution).13,25 
 When hydroxyethyl starch is administered, particles 
smaller than 50 kD are rapidly eliminated by glomerular 
filtration.6,21,22 Larger particles are hydrolyzed by serum amy-
lase and then excreted mostly in urine.21,22 In equine patients, 
one-third of the volume of hydroxyethyl starch infused is 
found in urine within 24 hours, making the kidneys the 
main route of elimination.26 Another mechanism of elimina-
tion is uptake by the reticuloendothelial system.22 In healthy 
horses, the oncotic effects of infused hydroxyethyl starch 
(volume expansion) last for approximately 24 hours; in ill 
horses, the duration of these effects may be greatly reduced 
by increased vascular permeability.24,27

 Synthetic colloids composed of large molecules increase 
plasma colloid oncotic pressure (e.g., administration of 1 L of 
hydroxyethyl starch solution results in 700 mL to 1 L of plasma 

TABLE 1   Types and Electrolyte Composition of Selected Fluid Solutions

Solution
Na+ 

(mEq/L)
Cl– 

(mEq/L)
K+ 

(mEq/L)
Ca++ 

(mEq/L)
Mg++ 

(mEq/L)
Osmolality 
(mOsm/L)

Crystalloids

Resuscitation and  
maintenance

Normosol-R (Abbott 
Laboratories) 140 98 5 — 3 294

Lactated Ringer’s solution 130 109 4 3 — 273

0.9% NaCl 154 154 — — — 308

Resuscitation Hypertonic saline 7.2% 1232 1232 — — — 2464

Maintenance

Normosol-M (Abbott 
Laboratories) and 5% dextrose 40 40 13 — 3 363

Plasma-Lyte 56 (Baxter)  
and 5% dextrose 40 40 13 — 3 363

Colloids Synthetic
Hetastarch (Hospira) 154 154 — — — 308

Hextend (Hospira) 143 124 3 5 0.9 307
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volume expansion).4,6,10 Increased circu-
lating volume increases cardiac preload, 
arterial blood pressure, cardiac contractil-
ity, and cardiac output, thereby improv-
ing perfusion and oxygen delivery.6,10 
 Sepsis and endotoxemia cause SIRS, 
in which neutrophils become activated 
and endothelial cells express adhesion 
molecules.28 The interaction between 
endothelial cells and neutrophils dam-
ages vascular endothelium, increases 
microvascular permeability, and causes 
capillary leakage, initiating interstitial 
edema and protein (albumin) loss, ulti-
mately contributing to damage to mul-
tiple organs.28,29 It has been postulated 
that hydroxyethyl starch molecules, mainly medium-molec-
ular-weight particles (100 to 300 kD), could seal endothelial 
gaps.6,23,24 Moreover, hydroxyethyl starch has an important 
role in modulating neutrophil–endothelial interaction by 
decreasing the level of circulating adhesion molecules and 
decreasing their expression on the endothelial surface, thus 
benefiting endothelial function.3,5,28 
 In a prospective, randomized clinical trial involving 30 
horses that required colic surgery, improved global perfusion 
was observed when hydroxyethyl starch was used before 
colic surgery compared with horses that received hyper-
tonic saline; the improvement was noted for 150 minutes 
after induction of anesthesia.27 Compared with crystalloids, 
hydroxyethyl starch administered to humans undergoing 
abdominal surgery improved tissue oxygenation, likely by 
improving microcirculation.30 In a septic shock porcine 
model, plasma volume was maintained in hydroxyethyl 
starch–resuscitated animals, suggesting persistence of col-
loids during capillary leakage.31 

Hypertonic Saline Solution
Hypertonic saline resuscitation is suggested as a valuable 
alternative to traditional fluid regimens in treating different 
types of shock.17,32 Hypertonic saline increases intravascular 
volume by mobilizing endogenous fluids along an osmotic 
gradient from the interstitium, endothelial cells, and eryth-
rocytes.15,16,33 Furthermore, the hypertonicity induced by 
hypertonic saline causes arteriolar vasodilation, reducing 
systemic vascular resistance.32,34 Ultimately, tissue perfu-
sion and cardiac output are improved.15,16,33 Hemodynamic 
improvements such as increased cardiac output and stroke 
volume, which peak at 20 minutes after infusion and decline 
thereafter, were observed in horses with experimentally 
induced hemorrhagic and endotoxic shock treated with 
hypertonic saline.2,32

 In addition, hypertonic saline reduces expression of 
adhesion molecules in leukocytes and endothelial cells, 

limiting their interaction and preventing endothelial dam-
age (leakage).15,16,33 Antiinflammatory effects of hypertonic 
saline result in reduced tissue damage and organ failure.15,35 
Therefore, the beneficial effect of hypertonic saline in septic 
shock is twofold: hemodynamic and antiinflammatory.15 

Small-Volume Resuscitation
In this article, small-volume resuscitation is defined as the 
rapid infusion of a combination of hypertonic saline and a 
colloid (hetastarch). For each milliliter of hypertonic saline 
infused, plasma volume increases by 3 mL; this is the basis 
of small-volume resuscitation.36 However, this effect is short 
lived; thus, to sustain the hemodynamic effects of hypertonic 
saline, it is used in combination with a colloid.16,17 There is 
a synergistic effect in combining hypertonic saline, which 
increases plasma osmolality and mobilizes intracellular 
water, with a colloid, which increases plasma oncotic pres-
sure, conserving the volume effect.16 Based on this principle, 
I combine hypertonic saline (5 mL/kg) with hetastarch (5 
to 10 mL/kg) for small-volume resuscitation (as a bolus over 

~20 minutes, depending on the volume). After small-volume 
resuscitation, it is imperative to quickly administer crystal-
loid fluids to maintain vascular volume and interstitial and 
cellular fluid levels.

Complications of Fluid Therapy
The major complications of fluid resuscitation are pulmonary 
and interstitial edema.4 Three factors contribute to edema 
formation: increased hydrostatic pressure, decreased col-
loid oncotic pressure, and increased microvascular perme-
ability associated with sepsis.4 Colloid advocates argue that 
crystalloids leak from plasma, excessively expanding inter-
stitial fluid volume, whereas crystalloid supporters argue 
that colloid leakage into the interstitial space contributes to 
edema.3,37 Ultimately, edema is deleterious because it affects 
organ function by interfering with oxygen exchange.22 
Furthermore, fluid leakage causes decreased intravascular 

TABLE 2   Fluid Resuscitation Goals in Neonates and Adults

Parameters Goals in Neonates
Goals in 
Adults

Cardiovascular 
parameters

Capillary refill time (sec) <2 <2

Mean arterial pressure (mm Hg) >69 >65

Lactate (mmol/L) <2.5 <2

So2 (%) >75 >75

Central venous pressure (cm H2O) 2–9 7.5–12

End-organ 
perfusion

Urine output (mL/kg/h) Output ≥66% of input >1

Rectal temperature (°F) 99–102 99–101

Extremities Warm Warm
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volume, negatively affecting cardiac output and tissue perfu-
sion. The use of crystalloids and colloids is accompanied by 
peripheral edema.19 Studies in humans have failed to demon-
strate overall differences in mortality, pulmonary edema, or 
length of hospitalization among various fluid therapies.1,4,19

 In ideal conditions, only 21% to 25% of the infused crys-
talloid remains in the intravascular space, while in septic 
patients, merely 100 to 200 mL of volume expansion can be 
anticipated after infusion of 1 L of isotonic crystalloids.4,6,37 
Resuscitation with crystalloids requires the use of much 
larger volumes than those used for colloids (i.e., 80 mL/kg 
of crystalloid fluid for resuscitation of equine patients in 
endotoxic shock), which causes hemodilution and decreases 
colloid oncotic pressure.2,4,6,10 Administration of such a large 
volume of fluid in a critically ill patient with already-compro-
mised (“leaky”) vasculature may potentiate interstitial and 
pulmonary edema, affecting tissue oxygenation and organ 
function. Volume overload, assessed by marked elevation 
in central venous pressure (CVP), was observed in endotox-
emic horses resuscitated with a large volume of crystalloids 
(60 mL/kg; FIGURE 1).38

 Adverse effects of hydroxyethyl starch on coagulation 
(mainly on factor VIII, von Willebrand’s factor, and platelet 
function) are a primary concern, but controversy regarding 
these effects exists within the literature.11,21,39 Hydroxyethyl 
starch solutions appear to have primarily dilutional effects 
on factor VIII, and minor clotting abnormalities without 

bleeding were observed in humans 
with hypovolemic or septic shock.4 
The effects of hydroxyethyl starch 
on coagulation are influenced by 
several factors, such as the dose 
infused, the preparation selected 
(molecular weight and degree of 
substitution), whether single or 
multiple infusions are given, the 
nature of other fluids infused, and 
the patient’s medical condition  
(e.g., underlying coagulation abnor-
mality or thrombocytopenia).10,25,39 
Medium- and low-molecular-weight 
as well as easily degradable hy-
droxyethyl starch preparations are 
believed to have fewer adverse 
effects on coagulation.25,39,40 The 
use of high-molecular-weight, high-
ly substituted hydroxyethyl starch 
(480/0.7) in humans reportedly 
caused bleeding complications 
only after the use of high doses for 
several days, so it is recommended 
not to exceed 20 mL/kg or 1500 
mL total volume over 24 hours.25 

Dose-dependent alterations in von Willebrand’s factor and 
factor VIII were observed in normal ponies treated with 
10 or 20 mL/kg of hetastarch.10 However, these alterations 
were not severe enough to prolong clotting parameters.10 In 
vitro hydroxyethyl starch in a balanced electrolyte solution 
(Hextend, Hospira) had minimal adverse effects on coagu-
lation compared with hetastarch.41 Therefore, hydroxyethyl 
starch preparation might be an important factor to consider 
when choosing the type of solution to use. 
 In an in vitro study, hypertonic saline was shown to have 
antiplatelet and anticoagulant effects.42 Another risk of using 
hypertonic saline is induction of a hypertonic state due to 
sodium overload.4,9 
 Small-volume resuscitation (5 mL/kg of hypertonic saline 
followed by 10 mL/kg of hetastarch) in anesthetized horses 
with induced endotoxic shock did not have deleterious 
effects on coagulation compared with large-volume resusci-
tation or no resuscitation.43

Small-Volume Resuscitation in the Clinical Setting
In adult horses, endotoxemia commonly originates second-
ary to gastrointestinal disease (i.e., colitis) due to endotoxin 
translocation through an inflamed gut wall.44 In pigs with 
experimentally induced endotoxic shock, small-volume 
resuscitation (hypertonic saline plus dextran) effectively 
prevented microcirculatory and metabolic deterioration of 
the intestinal mucosa, ultimately improving survival.17 To my 

Mean CVP in mm Hg before (–62 min), during (–60 min), and after (–30 min) endotoxic shock 
induction. During times –30 to 0 min, horses were treated with 15 mL/kg of isotonic crystalloids 
(control group), 60 mL/kg of isotonic crystalloids (isotonic group), or 15 mL/kg of 7.2% hyper-
tonic saline and hetastarch (small-volume resuscitation group). Overall, CVP was greater in the 
group in which large volumes of crystalloids were given (isotonic group). During times 0 to 30 
min, a significant difference from baseline occurred in the isotonic group (*). (Modified with 
permission.38)

FIGURE 1
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knowledge, the effect of small-volume resuscitation on the 
equine gut has not been studied. In a severe equine endo-
toxin model in which 50 µg/kg of Escherichia coli endo-
toxin was infused intravenously in anesthetized adult horses, 
small-volume resuscitation (5 mL/kg of hypertonic saline 
and 10 mL/kg of hetastarch) supported preload without 
volume overload.38 I use small-volume resuscitation without 
exceeding the above-mentioned dosages (as a bolus over 

~20 minutes, depending on the volume) in adult horses pre-
senting with severe hypovolemic or endotoxic/septic shock 
(i.e., severe enterocolitis). This is followed by constant-rate 
infusion of isotonic crystalloids and supplementation of 
necessary electrolytes. Most of these horses respond posi-
tively to small-volume resuscitation. The rationale behind 
using small-volume resuscitation in endotoxemic horses is 
multifactorial (e.g., avoidance of volume overload, sealing of 
leaky vessels, antiinflammatory effects).
  Colic is a major cause of morbidity and mortality in horses, 
and any delay in surgery can negatively affect patient out-
come, particularly in patients with strangulated lesions.27,45 
Furthermore, in extremely painful patients, the fluid volume 
that can be given before anesthesia is limited. Therefore, the 
ease of transport, rapid administration, and rapid correc-
tion of hemodynamics characteristic of small-volume resus-
citation could be especially useful for resuscitating equine 
patients with severe abdominal pain before anesthesia, if 
crystalloid fluids can be administered immediately after 
small-volume resuscitation. Therefore, rapid resuscitation 
and cardiovascular stabilization with small-volume resusci-
tation could have a positive effect on horses with abdominal 
pain. Moreover, the time necessary to adequately resuscitate 
an adult horse using isotonic crystalloids could negatively 
affect outcome, especially in patients with a strangulat-
ing lesion. Horses with severe abdominal pain and signs 
of hypovolemic shock that are admitted to my hospital 
are treated with small-volume resuscitation before surgical 
intervention. My clinical assessment is that these horses are 
hemodynamically more stable during surgery, which may 
improve their outcome. 
 Hemorrhagic shock is another critical situation in which 
rapid correction of hemodynamics could positively affect 
outcome. Horses with experimentally induced hemorrhagic 
shock treated with hypertonic saline (3.8 to 4.5 mg/kg) 
had temporary but significant improvement in cardiac out-
put and mean arterial pressure along with decreased sys-
temic vascular resistance.32 There is concern that this effect 
could overwhelm hemostatic mechanisms, making the use 
of small-volume resuscitation a risk for further bleeding.34 
However, at least in humans, small-volume resuscitation 
during penetrating trauma or complex cardiovascular sur-
gery (in which hemostatic alterations are common) has been 
associated with decreased fluid requirements, no increase in 
transfusion, and decreased morbidity and mortality.34 These 

data suggest there is no increased bleeding associated with 
small-volume resuscitation.34 However, more research in 
horses is needed to validate this; small-volume resuscitation 
in patients with severe hemorrhagic shock must be carefully 
evaluated by clinicians; and the benefits of this therapy must 
be carefully balanced with potential risks on a case-by-
case basis. Moreover, therapy for hemorrhagic shock could 
depend on the form of hemorrhage (i.e., uncontrolled [e.g., 
intraabdominal, uterine artery rupture, pulmonary hemor-
rhage] versus controlled hemorrhage).46 

Conclusion
Small-volume resuscitation has several valuable properties, 
making it attractive for use in critically ill patients, if crys-
talloid fluids can be administered immediately afterward. 
Despite these benefits, more studies are needed to elucidate 
the effects of this therapy on morbidity and mortality, and it 
is important to consider the potential deleterious effects of 

The Author’s Practice Tips for  
Small-Volume Resuscitation

The technicians at my hospital follow emergency protocols 
that vary according to the incoming case and the time from 
referral until arrival.
 Horses with enterocolitis that are in hypovolemic and 
endotoxic shock are rapidly assessed by the veterinarian 
for clinical signs of shock severity (i.e., heart rate, rectal 
temperature, respiratory rate, mucous membranes). 
Jugular blood is obtained and submitted to my hospital’s 
laboratory for immediate venous blood gas analysis (i.e., 
lactate concentration, pH, venous oxygen saturation, 
electrolyte levels). 
 After venous blood is drawn, the jugular vein is clipped 
and surgically prepared. A 12-gauge intravenous catheter 
is placed using sterile technique and is left indwelling with 
a large-bore extension set. I use a rapid-administration 
fluid set. In addition, the fluids are placed in a pressurized 
bag to accelerate administration. For a 500-kg (1100-lb) 
horse, I administer 2–2.5 L of hypertonic saline followed 
by 2.5–5.0 L of Hetastarch or Hextend. Once small-volume 
resuscitation has been administered (in approximately 20 
min, depending on the volume), the horse is administered 
a constant-rate infusion of a balanced electrolyte polyionic 
crystalloid solution via a large-bore coiled administration 
fluid set. The fluid rate varies according to the horse’s 
condition and ongoing losses (i.e., volume of diarrhea); 
1.5–3 L/h is usually required. 
 These critically ill horses are closely monitored for their 
response to resuscitation by regular physical examinations 
and periodic blood gas analyses. The catheter site is 
periodically checked for evidence of malposition, and the 
vein is checked for signs of thrombosis.
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this therapy on hemostasis. To minimize these effects, the 
dose should not exceed 10 mL/kg (e.g., not exceeding 5 L for 
a 500-kg horse) for hydroxyethyl starches or 5 mL/kg (e.g., 
not exceeding 2.5 L for a 500-kg horse) for hypertonic saline 
(as a bolus over ~20 minutes, depending on the volume). 
If the patient has an evident coagulopathy (e.g., prolonged 
bleeding or hematoma after venipuncture, thrombophlebitis, 
epistaxis, petechiae, ecchymosis), diligent evaluation of the 
clinical situation is recommended before administration of 
small-volume resuscitation. 
 Research is ongoing, with the aim of better understand-
ing which fluid therapy protocol is most appropriate in spe-
cific clinical situations. Until further investigation elucidates 
this issue, the fluid therapy protocol depends on the clinical 
situation, the veterinarian’s preference, and the cost. 

References
1. Choi PT, Yip G, Quinonez LG, Cook DJ. Crystalloids vs. colloids in fluid resuscita-
tion: a systematic review. Crit Care Med 1999;27(1):200-210.
2. Bedenice D. Evidence-based medicine in equine critical care. Vet Clin North Am 
Equine Pract 2007;23(2):293-316.
3. Marik PE, Iglesias J. Would the colloid detractors please sit down! Crit Care Med 
2000;28(7):2652-2654.
4. Hollenberg SM, Ahrens TS, Annane D, et al. Practice parameters for hemodynamic 
support of sepsis in adult patients: 2004 update. Crit Care Med 2004;32(9):1928-1948.
5. Boldt J, Muller M, Mentges D, et al. Volume therapy in the critically ill: is there a 
difference? Intensive Care Med 1998;24(1):28-36.
6. McFarlane D. Hetastarch: a synthetic colloid with potential in equine patients. Com-
pend Contin Educ Pract Vet 1999;21(9):867-877.
7. Khandelwal P, Bohn D, Carcillo JA, Thomas NJ. Pro/con clinical debate: do colloids 
have advantages over crystalloids in paediatric sepsis? Crit Care 2002;6(4):286-288.
8. Boldt J, Mueller M, Menges T, et al. Influence of different volume therapy regimens 
on regulators of the circulation in the critically ill. Br J Anaesth 1996;77(4):480-487.
9. Oliveira RP, Weingartner R, Ribas EO, et al. Acute haemodynamic effects of a hy-
pertonic saline/dextran solution in stable patients with severe sepsis. Intensive Care 
Med 2002;28(11):1574-1581.
10. Jones PA, Tomasic M, Gentry PA. Oncotic, hemodilutional, and hemostatic effects 
of isotonic saline and hydroxyethyl starch solutions in clinically normal ponies. Am J 
Vet Res 1997;58(5):541-548.
11. Seahorn JL, Seahorn TL. Fluid therapy in horses with gastrointestinal disease. Vet 
Clin North Am Equine Pract 2003;19(3):665-679.
12. Shuster R, Traub-Dargatz J, Baxter G. Survey of diplomates of the American 
College of Veterinary Internal Medicine and the American College of Veterinary Sur-
geons regarding clinical aspects and treatment of endotoxemia in horses. JAVMA 
1997;210(1):87-92.
13. Kellum JA. Fluid resuscitation and hyperchloremic acidosis in experimental sepsis: 
improved short-term survival and acid-base balance with Hextend compared with sa-
line. Crit Care Med 2002;30(2):300-305.
14. Story DA. Hyperchloraemic acidosis: another misnomer? Crit Care Resusc 
2004;6(3):188-192.
15. Oliveira RP, Velasco I, Soriano F, Friedman G. Clinical review: hypertonic saline re-
suscitation in sepsis. Crit Care 2002;6(5):418-423.
16. Kreimeier U, Thiel M, Peter K, Messmer K. Small-volume hyperosmolar resuscita-
tion. Acta Anaesthesiol Scand Suppl 1997;111:302-306.
17. Oi Y, Aneman A, Svensson M, et al. Hypertonic saline-dextran improves intestinal 
perfusion and survival in porcine endotoxin shock. Crit Care Med 2000;28(8):2843-
2850.
18. Magdesian G, Madigan JE. Volume replacement in the neonatal ICU: crystalloids 
and colloids. Clin Tech Equine Pract 2003;2(1):21-30.
19. Boluyt N, Bollen CW, Bos AP, et al. Fluid resuscitation in neonatal and pediatric hy-
povolemic shock: a Dutch Pediatric Society evidence-based clinical practice guideline. 

Intensive Care Med 2006;32(7):995-1003.
20. Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis Campaign guidelines for 
management of severe sepsis and septic shock. Intensive Care Med 2004;30(4):536-
555.
21. Warren BB, Durieux ME. Hydroxyethyl starch: safe or not? Anesth Analg 
1997;84(1):206-212.
22. Traylor RJ, Pearl RG. Crystalloid versus colloid versus colloid: all colloids are not 
created equal. Anesth Analg 1996;83(2):209-212.
23. Hughes D. Fluid therapy with artificial colloids: complications and controversies. 
Vet Anaesth Analg 2001;28:111-118.
24. Jones PA, Bain FT, Byars TD, et al. Effect of hydroxyethyl starch infusion on colloid 
oncotic pressure in hypoproteinemic horses. JAVMA 2001;218(7):1130-1135.
25. Treib J, Baron JF, Grauer MT, Strauss RG. An international view of hydroxyethyl 
starches. Intensive Care Med 1999;25(3):258-268.
26. Meister D, Hermann M, Mathis GA. Kinetics of hydroxyethyl starch in horses. Sch-
weiz Arch Tierheilkd 1992;134(7):329-339.
27. Hallowell GD, Corley KT. Preoperative administration of hydroxyethyl starch or hy-
pertonic saline to horses with colic. J Vet Intern Med 2006;20(4):980-986.
28. Boldt J, Muller M, Heesen M, et al. Influence of different volume therapies and pen-
toxifylline infusion on circulating soluble adhesion molecules in critically ill patients. 
Crit Care Med 1996;24(3):385-391.
29. Marx G. Fluid therapy in sepsis with capillary leakage. Eur J Anaesthesiol 
2003;20(6):429-442.
30. Lang K, Boldt J, Suttner S, Haisch G. Colloids versus crystalloids and tissue 
oxygen tension in patients undergoing major abdominal surgery. Anesth Analg 
2001;93(2):405-409.
31. Marx G, Cobas Meyer M, Schuerholz T, et al. Hydroxyethyl starch and modified 
fluid gelatin maintain plasma volume in a porcine model of septic shock with capillary 
leakage. Intensive Care Med 2002;28(5):629-635.
32. Schmall LM, Muir WW, Robertson JT. Haemodynamic effects of small volume 
hypertonic saline in experimentally induced haemorrhagic shock. Equine Vet J 
1990;22(4):273-277.
33. Pascual JL, Khwaja KA, Chaudhury P, Christou NV. Hypertonic saline and the mi-
crocirculation. J Trauma 2003;54(5 suppl):S133-S140.
34. Rocha-e-Silva M, Poli de Figueiredo LF. Small volume hypertonic resuscitation of 
circulatory shock. Clinics 2005;60(2):159-172.
35. Shields CJ, O’Sullivan AW, Wang JH, et al. Hypertonic saline enhances host re-
sponse to bacterial challenge by augmenting receptor-independent neutrophil intracel-
lular superoxide formation. Ann Surg 2003;238(2):249-257.
36. Goertz AW, Mehl T, Lindner KH, et al. Effect of 7.2% hypertonic saline/6% het-
astarch on left ventricular contractility in anesthetized humans. Anesthesiology 
1995;82(6):1389-1395.
37. Ernest D, Belzberg AS, Dodek PM. Distribution of normal saline and 5% albumin 
infusions in septic patients. Crit Care Med 1999;27(1):46-50.
38. Pantaleon LG, Furr MO, McKenzie HC 2nd, Donaldson L. Cardiovascular and pul-
monary effects of hetastarch plus hypertonic saline solutions during experimental en-
dotoxemia in anesthetized horses. J Vet Intern Med 2006;20(6):1422-1428.
39. de Jonge E, Levi M. Effects of different plasma substitutes on blood coagulation: a 
comparative review. Crit Care Med 2001;29(6):1261-1267.
40. Marx G, Pedder S, Smith L, et al. Attenuation of capillary leakage by hydroxyethyl 
starch (130/0.42) in a porcine model of septic shock. Crit Care Med 2006;34(12):3005-
3010.
41. Roche AM, James MF, Bennett-Guerrero E, Mythen MG. A head-to-head compari-
son of the in vitro coagulation effects of saline-based and balanced electrolyte crystal-
loid and colloid intravenous fluids. Anesth Analg 2006;102(4):1274-1279.
42. Wilder DM, Reid TJ, Bakaltcheva IB. Hypertonic resuscitation and blood coagula-
tion: in vitro comparison of several hypertonic solutions for their action on platelets 
and plasma coagulation. Thromb Res 2002;107(5):255-261.
43. Pantaleon LG, Furr MO, McKenzie HC 2nd, Donaldson L. Effects of small and large 
volume resuscitation on coagulation and electrolytes during experimental endotox-
emia in anesthetized horses. J Vet Intern Med 2007;21(6):1374-1379.
44. Roy MF. Sepsis in adults and foals. Vet Clin North Am Equine Pract 2004;20(1):41-
61.
45. van der Linden MA, Laffont CM, Sloet van Oldruitenborgh-Oosterbaan MM. Prog-
nosis in equine medical and surgical colic. J Vet Intern Med 2003;17(3):343-348.
46. Magdesian G. Acute blood loss. Compend Equine Contin Educ Vet 2008;3(2): 
80-90.



 
Fluid Therapy in Equine Patients FREE

CE

Vetlearn.com  |  October 2010  |  Compendium: Continuing Education for Veterinarians®    E7

1. Why does large-volume infusion of 0.9% 
NaCl for resuscitation cause metabolic 
acidosis? 

 a. It increases the plasma chloride 
concentration.

 b. It decreases the plasma chloride 
concentration.

 c. It increases the strong ion difference.
 d. It decreases the plasma sodium 

concentration.
 e. none of the above

2. What is one difference between resusci-
tation and maintenance crystalloids?

 a. Resuscitation fluids contain higher con-
centrations of potassium and chloride.

 b. Resuscitation fluids contain a lower 
potassium concentration.

 c. Resuscitation fluids contain a lower 
sodium concentration.

 d. Resuscitation fluids contain a lower 
chloride concentration.

 e. Resuscitation fluids contain higher con-
centrations of potassium and sodium.

3. For a hydroxyethyl starch solution, a 
degree of substitution equal to 1

 a. indicates that the duration of effect is 
very short.

 b. indicates that the solution would be 
rapidly metabolized.

 c. is very low.
 d. indicates that the metabolism is slow 

and the duration of effect is long.
 e. indicates nothing regarding metabolism 

of the solution.

4. Which statement regarding hydroxyethyl 
starch molecules is correct?

 a. High-molecular-weight molecules could 
seal endothelial gaps.

 b. Their molecular weight has no influence 
in sealing endothelial gaps.

 c. Very low–molecular-weight (<50 kD) 
molecules could seal endothelial gaps.

 d. Medium-molecular-weight (100 to 300 
kD) molecules could seal endothelial 
gaps.

 e. The higher the degree of substitution, 
the more endothelial pores are sealed.

5. Which statement regarding the effects of 
hydroxyethyl starch solution on coagula-
tion is correct?

 a. Easily degradable hydroxyethyl starch 
solutions have the most deleterious 
effect on coagulation.

 b. The dosage of hydroxyethyl starch 
solutions does not appear to affect 
coagulation.

 c. Medium- or low-molecular-weight 
hydroxyethyl starch solutions are 
believed to exert the least deleterious 
effects on coagulation.

 d. Platelet function is enhanced by 
hydroxyethyl starch solutions.

 e. To decrease the risk of adverse effects 
on coagulation, solutions with a 
hydroxyethyl starch concentration >20 
mL/kg are recommended. 

6. By which mechanism do hypertonic 
saline solutions increase intravascular 
volume?

 a. by providing a large volume of hyper-
tonic saline

 b. by mobilizing endogenous fluids
 c. by stimulating thirst 
 d. by increasing tissue edema formation
 e. none of the above

7. How is small-volume resuscitation 
defined in this article? 

 a. small-volume infusion of an isotonic 
crystalloid

 b. small-volume infusion of a hypotonic 
crystalloid

 c. rapid infusion of an isotonic crystalloid 
and a colloid 

 d. rapid infusion of hypertonic saline and 
a colloid 

 e. constant-rate infusion of a hypertonic 
saline solution

8. What is the main advantage of small-
volume resuscitation?

 a. decreased mortality and morbidity
 b. slow correction of hemodynamics
 c. administration by slow infusion
 d. rapid administration and rapid correc-

tion of hemodynamics
 e. none of the above

9. What is the ultimate goal of fluid resus-
citation in critically ill equine patients?

 a. prevention of peripheral edema
 b. increased urinary production 
 c. correction of the serum potassium 

concentration
 d. prevention of multiple organ dysfunc-

tion or failure 
 e. increased CVP

10. What is the major complication of fluid 
resuscitation in critically ill patients?

 a. venous thrombosis
 b. tissue edema
 c. bacteremia 
 d. air embolism 
 e. electrolyte imbalances

3 CE
CREDITS CE TEsT  This article qualifies for 3 contact hours of continuing education credit from the Auburn University College of Veterinary 

Medicine. To take individual CE tests online and get real-time scores, visit Vetlearn.com. Those who wish to apply this credit to fulfill  
state relicensure requirements should consult their respective state authorities regarding the applicability of this program. 

©Copyright 2010 MediMedia Animal Health. This document is for internal purposes only. Reprinting or posting on an external website without written permission from MMAH is a violation of copyright laws.


