Colloid Replacement in the ICU
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Colloids are fluids containing large molecular weight molecules
that do not readily cross the capillary membrane. Colloid re-
placement is becoming increasingly more common in the equine
intensive care unit. Advantages of coliocid therapy include im-
proved oncotic pressure, rapid intravascular volume replace-
ment, and improved microvascular perfusion. Edema formation
is minimized through the use of colloids, rather than crystalloids,
in the volume resuscitation of hypoproteinemic animals. Avail-
able colloids include both natural (biologic) and synthetic formu-
lations. Plasma is the most common biologic colloid utilized in
horses, and offers the advantage of providing a broad range of
proteins in addition to its principle colloid, aloumin. These addi-
tional proteins include coagulation factors, antithrombin, and
immunoglobulins. The most widely used synthetic colloid in
horses is hydroxyethyl starch (hetastarch). Side effects of
hetastarch include dose-dependent effects on coagulation, pri-
marily because of decreases in factor VIl and von Willebrand
factor concentrations. Other synthetic or semisynthetic colloids
include pentastarch, dextrans, and a polymerized ultrapurified
bovine hemoglobin product. Monitoring of patients receiving
colloid therapy should include direct colloid osmometry. Indirect
estimates of colloid osmotic pressure are not reliable in critically
ill patients and in those receiving synthetic colloids. Total protein
measurements do not account for the oncotic contribution of
synthetic colloids.
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olloid replacement in the equine intensive care unit (ICU)
C setting has made recent advances and the use of colloids is
increasing.!* An improved understanding of colloid osmotic
pressure (COP), or oncotic pressure, allows for more effective
control over fluid balance in critically ill patients. Better fluid
balance translates to improved hemodynamics, enhanced oxy-
gen delivery to end organs, and reduction of edema. Therefore,
the goal of colloid therapy is more than simply replacing lost
plasma proteins, but rather to improve the circulatory status in
patients with compromised Starling’s forces.

Starling’s equation defines fluid movement across capillary
membranes (Fig 1). In simplified terms, fluid flux across the
capillary is dependent on higher capillary than interstitial hy-
drostatic pressure, which drives fluid out of the vessel, and
higher oncotic pressure within the capillary lumen than the
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interstitial fluid, which counteracts hydrostatic pressure. Col-
loid osmotic pressure, therefore, opposes the drive of fluid out
of the capillary. Other variables in Starling’s equation that affect
fluid movement include the filtration coefficient (K), which is
the product of hydraulic conductivity (water permeability) and
capillary surface area available for fluid exchange. The last
component of the equation is the osmotic reflection coefficient
(o), which relates to membrane pore size. Aside from capillary
hydrostatic pressure, oncotic pressure, filtration properties of
the capillary membrane, and capillary permeability, the final
determinant of edema formation is lymphatic flow. It is impor-
tant clinically to determine which of these factors is contribut-
ing to edema.

Colloid osmotic pressure is generated by two properties: (1)
The presence of plasma proteins, particularly albumin, that are
not freely diffusible across capillary membranes (ie, a large
component of COP is the osmotic pressure generated by dis-
solved proteins), and (2) The Gibbs—Donnan equilibrium. The
latter relates to the redistribution of ions induced by negatively
charged proteins in plasma; these anions attract cations that
would otherwise diffuse freely across the capillary. Water is
osmotically retained with these cations, thereby increasing the
amount of intravascular volume.

Plasma COP is also opposed by the oncotic pressure of the
mterstitium; the difference between plasma and interstitial
COP is what opposes hydrostatic pressure in determining net
fluid flow across the capillary. Interstitial COP is substantially
lower than that of plasma COP, but is highly variable among
tissues. For example, interstitial COP within the myocardium is
70 to 80% of plasma COP.5 Pulmonary, cutaneous, skeletal
muscle, gastrointestinal, renal, and hepatic interstitial COP val-
ues are also relatively high.> Oncotic pressure is largely (60 to
80%) determined by albumin, although fibrinogen and globu-
lin proteins also contribute.® Alterations in the A:G ratio can
thus alter COP. Albumin is the primary determinant of plasma
COP because of its relatively high concentration, small size,
and highly negative charge (Gibbs-Domnnan effect).” As can be
seen in the Starling equation, the COP gradient can be modified
by the osmotic reflection coefficient (). The value of o varies
between 0 and 1, with 0 representing free permeability to pro-
teins. A value of 1 is associated with complete impermeability.
The more permeable the capillary membrane is, the less os-
motic pressure that can be generated intraluminally. The clin-
ical significance of this phenomenon is that capillary leak
states, such as systemic inflammatory response syndrome
(SIRS), lead to an increase in endothehal permeability to pro-
teins and water. Sepsis and endotoxemia can thus lead to alter-
ations in the reflection coefficient.

As hypoproteinemia develops, filtration is favored as the
predominating determinant of capillary fluid flux. Edema de-
velops when compensatory mechanisms become overwhelmed.
These compensatory processes that prevent edema formation
include an increase in lymphatic flow and in interstitial hydro-

Clinical Techniques in Equine Practice, Vol 2, No 2 (June), 2003: pp 130-137



Jv = Kf [(Pc'Pi) - G(np‘ni)]

J, = net capillary (microvascular) filtration rate
K; = capillary filtration coefficient
Where K¢ =L A
L, = hydraulic conductivity (water permeability)
A = capillary surface area
P, = capillary hydrostatic pressure
P; = interstitial hydrostatic pressure
o = osmotic reflection coefficient
T, = plasma colloid osmotic pressure
7, = interstitial colloid osmotic pressure

Fig 1. The Starling-Landis equation for determination of
capillary filtration.

static pressure that develop as fluid moves into the interstitium.
This counteracts the effects of capillary hydrostatic pressure
and causes a dilutional decrease in interstitial COP. These
counter-balance mechanisms are what prevent clinically signif-
icant edema, even when hypoproteinemia is severe. It is this
delicate balance that should not be disturbed by clinical inter-
vention. For example, overzealous crystalloid administration in
a hypoproteinemic animal will cause overt edema by increasing
hydrostatic pressure.

The clinical significance of edema formation (Fig 2) extends
beyond dependent subcutaneous edema. Organ and tissue

edema may be more clinically important as they reduce the
efficiency of oxygen delivery by increasing oxygen diffusion
distance.

How to Measure COP in Horses: Normal Values
and Direct and Indirect Methods of
Measurement

Oncotic pressure reported for normal adult horses and ponies
ranges from 19.2 to 31.3 mm Hg, with the average COP in most
studies being approximately 21 to 25 mm Hg.1.248° Both direct
and indirect methods can be used to measure COP. Direct
colloid osmometry is performed by means of a colloid osmom-
eter. Figure 3 depicts the Wescor 4420 colloid osmometer
(Wescor Inc, Logan, UT) which is the most common osmom-
eter used in clinical practice. This device utilizes a semiperme-
able membrane to separate a reference chamber (filled with
saline) from a test chamber into which the sample, consisting of
whole blood, plasma, or serum, is injected.1%11 The reference
chamber mimics the Gibbs-Donnan effect. As the pressure
changes with fluid flow, the electrical impedance is altered, and
a pressure transducer measures the pressure gradient created
by the migration of water into the test chamber from the refer-
ence chamber. This movement of water is in response to on-
cotic pressure exerted by the test sample, and results in a neg-
ative pressure gradient within the reference chamber.
Maintenance of this type of osmometer is fairly simple and
requires that both the test and reference chambers be flushed
daily with saline. Calibration should also be performed daily

Fig 2. Ventral edema in a horse with hypoproteinemia associated with colitis.
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Fig 3. The Wescor 4420 colloid osmometer.

with standard solutions of albumin. In addition, the instrument
should be calibrated to zero with saline before and after each
use. Continuous measurements of COP can be made with the
use of a needle-type colloid osmometer, although indications
for continuous monitoring in clinical practice are few.10-12

Indirect estimates of COP are calculated based on serum total
protein or albumin and globulin concentrations. Indirect cal-
culations are not as accurate in clinically ill animals, and should
not replace the use of direct measurements in these patients.® A
number of calculations have been developed to determine in-
direct COP values using total protein or albumin and globulin
concentrations.®913 The Landis-Pappenheimer (L-P) equation
is utilized in human medicine, and has been shown to be a good
estimate of measured COP in healthy foals:+13.1+

COP = 2.1TP + (0.16TP? + (0.009TP?

However, the L-P equation did not provide reliable results for
plasma samples in adult horses in one study, and consistently
underestimated COP.° Equations for estimating COP have been
developed for use in healthy adult horses, and have high corre-
lation coefficients with actual COP values (+* = 0.987 to
0.999):°

COP = 0.986 + 2.020A + 0.175A°

COP = —0.059 + 0.618G + 0.028G*

COP = 0.028 + 1.542P + 0.219P*

COP

—1.989 + 1.068Pr -+ 0.176(Pr)?

il
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Another formula was developed for horses using both albumin
and globulin concentrations (r? = 0.961 in healthy animals; r?
= 0.876 in hospitalized horses):®

COP = —4.384 + 5.501A + 2.475G

A = albumin

G = globulin

P = total protein as measured using the biuret method
Pr = total protein as determined by refractometry

Although indirect estimates of COP are reasonable predic-
tors of actual COP in healthy animals, they are less reliable in
critically ill patients.8'> A number of factors may modify the
relationship between total protein and COP. The albumin:glob-
ulin (A:G) ratio may be altered with critical illness. Relative
hypoalbuminemia or hyperglobulinemia, both potential se-
quelae to sepsis or SIRS, result in a lower oncotic pressure at
equivalent total protein concentrations.® Other factors that may
affect the relationship between total protein and COP include
alterations in pH and sodium concentrations which affect the
Gibbs—-Donnan relationship.!? Indirect measurements do not
detect changes in COP produced by synthetic colloids, and
direct osmometry is the only means of monitoring and directing
synthetic colloid therapy. One study comparing measured and
calculated values for COP in hospitalized horses found that the
equation using both albumin and globulin was the most accu-
rate indirect estimate of COP. However, there was still consid-
erable variation between direct and indirect values, with up to
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as much as 5 mm Hg difference for some samples. The predic-
tive equations for COP were least reliable in horses with altered
A:G ratios, particularly for equations that used total protein
values.® Because albumin is the primary determinant of COP,
indirect calculations of COP based on total protein will under-
estimate actual COP in horses with high A:G ratios and over-
estimate them in horses with low A:G ratios. Although an
equation utilizing albumin and globulin concentrations
strengthened the estimation, it yielded results that were more
than 10% different from actual values in 44.3% of horses.®
Based on these findings, direct measurements cannot be re-
placed in the monitoring of COP in critically ill patients in the
ICU.L8

Colloid solutions are fluids that contain large, osmotically
active molecules that are retained within the vasculature. By
increasing COP, they serve to promote fluid retention within
the intravascular compartment. Different colloids provide on-
cotic pressure that is relative to the number and molecular
weight of the contained colloid particles. The size of colloid
molecules can be described by both weight average molecular
weight and number average molecular weight (MW).16 The
weight average molecular weight is determined by the scatter-
ing of light and is not as accurate as the number average molec-
ular weight. It assigns higher statistical weight to larger mole-
cules and is associated with viscosity. The number average MW
is the arithmetic mean of the range of molecular weights in the
solution and assigns equal weight to all molecules regardless of
size. As the weight average MW becomes equal to the number
average MW in colloid solutions, the distribution of molecular
weights of the colloid becomes narrow. In most cases, however,
the weight average MW is greater than the number average MW
because of the varying distribution of actual molecular weights
in most solutions. Albumin has a molecular weight of 69,000 D.

Crystalloids or Colloids, Which Is Better?

The ideal fluid choice for volume replacement in the ICU is
equivocal. There is a great deal of controversy in human critical
care medicine as to whether crystalloids, colloids, or a combi-
nation of the two should be used during the acute resuscitation
phase of hypovolemia in patients. Concrete evidence favoring
one over the other is lacking, however. Current clinical philos-
ophy recognizes the advantages of both crystalloids and col-
loids, and the concurrent or sequential administration of each
likely represents the optimal approach to fluid therapy. Insen-
sible and isotonic fluid losses should be replaced with crystal-
loids and free water sources. Crystalloids distribute among the
extracellular fluid space, with approximately 75% distributing
to the interstitium. Therefore, crystalloids allow for greater
interstitial expansion compared with colloids, which may be
disadvantageous when edema formation is pending. In hypo-
volemic patients, expanding volume with crystalloids results in
a decrease in plasma protein concentrations and thus COP.
Colloids, on the other hand, are restricted to the intravascular
space, and are particularly indicated in hypovolemic shock.t?
Though colloids replace intravascular losses more rapidly than
crystalloids, colloids alone will not effectively replenish inter-
stitial fluid losses. In people, colloids are associated with a
plasma volume expansion between 100 and 200% of the
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infused volume.!8-20 Cardiac output is better maintained with
lower volumes of fluid administration when colloids are uti-
lized. However, sepsis and other SIRS conditions may reduce
the capillary reflection coefficient, thereby reducing the effec-
tiveness of colloids. Marked alterations of the reflection coeffi-
cient, as is associated with some forms of acute respiratory
distress syndromes, may be contraindications to the adminis-
tration of colloids.

The concurrent use of both crystalloids and colloids obviates
the need for administration of large volumes of crystalloids,
minimizes the risk of interstitial edema, and may restore blood
volume rapidly. A ‘blending’ of crystalloids and colloids should
be considered if colloids are not contraindicated.

Types of Colloids

Biologic Colloid Solutions

Plasma. Albumin is the primary determinant of plasma on-
cotic pressure, providing approximately 65 to 75% of total
COP.16 The COP of plasma is approximately 20 to 25 mm Hg.
Because albumin distributes throughout the extracellular fluid
compartment, approximately 60% may ultimately move to the
interstitium. Rarely is plasma used as the sole source of colloid
support because of cost-limitations and the large volume re-
quired to effectively increase oncotic pressure. In addition to
providing oncotic pressure, albumin is an important carrier
protein for hormones, drugs, and toxins. Other advantages of
plasma include the provision of globulin, fibronectin, clotting
factors, and anticoagulants (eg, antithrombin). Both stable and
labile clotting factors are provided by fresh (administered to the
patient within 6 hours of collection) and fresh frozen plasma
(frozen within 6 hours of collection without being refrigerated;
stored for less than 1 year). Stored plasma (frozen for longer
than one year) will provide only stable factors, including factors
11, VII, IX, and X. Refrigeration destroys labile coagulation
factors (v, VIII, vWI). Platelet rich plasma is the only source
capable of replacing platelets. Controversy exists as to the role
of hyperimmune plasma products (eg, antiserum) in endotox-
emic animals.2-22 Because of the fact that plasma has the on-
cotic pressure of normal horses, and because 60% or more of
albumin may distribute extravascularly, it is often not cost
effective as the sole colloid. In the author’s experience, it is best
combined with synthetic colloids. Concentrated albumin is
available for use as a colloid in human and small animal medi-
cine, and has been used to a limited extent in horses when
equine sources were available.?> Horses receiving plasma trans-
fusions should be monitored for signs of hypersensitivity reac-
tions, including pyrexia, tachycardia, tachypnea, muscle trem-
ors, colic, urticaria, and anaphylaxis. Plasma should be
administered through a blood administration set containing
filtration devices (Fig 4).

Whole blood. Whole blood may be indicated as the colloid
of choice in cases of hemorrhagic shock. Complications of
blood transfusions include reactions associated with incompat-
ible red blood cells, and/or plasma antibodies, as well as those
associated with transfer of leukocytes. Citrate toxicity and hy-
pocalcemia are other potential side effects. Donor animals
should be screened for blood-borne diseases. Autotransfusion
of fresh blood from body cavities can be performed if it is sterile.
This source of blood does not contain active platelets or clotting
factors. Coagulopathies from red blood cell fragmentation are

133



Fig 4. Plasma administration set.

potential complications. The blood collected for autotransfu-
sion should be anticoagulated and filtered. Whole blood is not
a concentrated source of colloid, thereby requiring potentially
large volumes when used primarily for colloid support. Red
blood cells do not exert oncotic pressure, and therefore packed
red blood cells do not offer an advantage over whole blood from
a colloid standpoint. Whole blood should not be administered
through the same lines as calcium containing fluids, and fluids
such as Normosol-R (Abbott Laboratories, North Chicago, IL)
or Plasma-Lyte 148 (Baxter Health care Corporation, Deerfield,
IL) should be used instead.
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Synthetic Colloids

Hydroxyethyl starch (hetastarch). Hetastarch is the most
commonly used colloid in adult horses. It is produced by chem-
ical modification of the starch amylopectin, through hydrolysis
and hydroxyethyl substitution, and is a modified branched-
chain glucose polymer. It is available as a 6% aqueous solution
in saline (Abbott Laboratories, North Chicago, IL) or lactated
electrolyte solution (Hextend, Abbott Laboratories). The
weight average MW of hetastarch is 450,000 to 480,000, with
80% of molecules having a MW between 30,000 and 2,000,000
Dalton. The number average MW is 69,000. Sixty to seventy
percent of the starch molecules in hetastarch are substituted
with a hydroxyethyl group. The COP of hetastarch is 30 mm
Hg, making it a more cost-effective colloid than plasma. The
primary side effect associated with hetastarch administration is
an induction of coagulopathies associated with reductions in
factor VIII and von Willebrand’s factor. Hypersensitivity reac-
tions are rarely reported. Unlike dextrans, hetastarch does not
interfere with blood typing or cross matching. Hetastarch mol-
ecules smaller than 72,000 Dalton (renal threshold) are ex-
creted unchanged in the urine.? Larger molecules are hydro-
lyzed by plasma and tissue a-amylases or are metabolized by
the reticuloendothelial (RE) system. Those molecules that es-
cape into the interstitium are absorbed into lymph. The elimi-
nation of hetastarch thus has two phases, the first being associ-
ated with plasma loss through wurinary excretion and
redistribution to the interstitium, and the second consisting of
degradation by the RE cells over days to weeks.3

The kinetics of hetastarch have been described in horses.
The oncotic, hemodilutional, and hemostatic effects of
hetastarch in clinically normal ponies have also been reported.?
Ponies were administered 10 mL/kg or 20 mL/kg hetastarch.
Hetastarch exhibited dose-dependent hemodilutional and he-
mostatic effects. Colloid osmotic pressure was increased above
baseline for up to 5 days postadministration. A trend toward
prolongation of bleeding time was noted in the ponies receiving
20 mU/kg of hetastarch, leading to a fourfold increase over
baseline values at 48 hour postinfusion.! Plasma factor VIII
activity was reduced for up to 72 hour and 120 hour after
infusion in the groups administered 10 and 20 ml/kg of
hetastarch, respectively. Activity of von Willebrand factor
(vWI) antigen was decreased for up to 120 hours. Platelet
counts decreased for 48 hours in the 20 ml/kg group, and this
was speculated to result from hemodilution similar to what
occurs in dogs and people. Coagulation times (PT and PTT)
were not prolonged. The exact mechanism of von Willebrand
factor decrease is unknown, but the reductions are greater than
that expected from hemodilution. It is speculated that
hetastarch may bind to von Willebrand factor and factor VIII:C.
Some of the reduction of factor VIIT may also be related to the
role of vWTf as a carrier protein. In this study of healthy ponies,
hetastarch induced a dose-dependent drop of PCV and total
protein concentrations. This drop in hematocrit was consistent
with another study, where values were below baseline for up to
24 hour after administration.® This decrease in hematocrit re-
sults from the volume expanding effects of hetastarch. Fibrin-
ogen concentrations also decrease.2 A second study found a
significant prolongation of PTT 1-hour post infusion of 15
ml/kg, but not after 10 mI/kg of hetastarch in normal horses.>*
Partial thromboplastin times (PTT) were also prolonged in
normovolemic anemic ponies that were administered 15 ml/kg
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of hetastarch.2* A dose of 8 mL/kg did not alter PT or PTT in
another group of normal horses.> Based on these findings, a
dose of 10 mL/kg/d should not be exceeded to avoid iatrogenic
coagulopathies. In human patients, hetastarch reduces clot
strength because of impaired fibrinogen polymerization.>> Des-
mopressin (DDAVP) reverses the decrease of factor VIII:C as-
sociated with hetastarch administration in human patients, al-
though this remains to be studied in horses.?¢ In general,
hetastarch is considered safer than dextrans, with fewer ana-
phylactoid, bleeding, and renal side effects.?”

In a study evaluating the effects of hydroxyethyl starch in
hypoproteinemic horses with gastromtestinal disease,
hetastarch (8 to 10 mI/kg) resulted in an increase in COP for 24
hour after administration.1:2 Oncotic pressure was elevated
above baseline for approximately 6 hours, but was raised in the
face of decreasing total protein and albumin above expected
COP (as calculated using albumin and globulin concentra-
tions) for up to 24 hours.!

Recommended doses of hetastarch based on these studies are
8 to 10 ml/kg/d.13 This volume can be administered as a bolus
in hypovolemic animals, or alternatively as a slow infusion for
colloid support in hypooncotic animals. Until further research
is available, larger doses of hetastarch should be used with
caution, particularly in animals undergoing surgery.

Pentastarch. Pentastarch (DuPont Critical Care, McGaw,
IL) is a narrow-range, medium molecular weight derivative of
hetastarch. It may become available for veterinary use in the
future. It is an analog of hetastarch with less hydroxyethyl
substitution (40 to 50% of its starch molecules). Pentastarch
has a more rapid and predictable excretion pattern than
hetastarch. The COP of pentastarch is 40 mm Hg. Its weight
average MW is lower than that of hetastarch, being 264,000 to
280,000 D. The number average MW of pentastarch is higher
than hetastarch, however (120,000 D). This makes it more
homogenous than hetastarch in terms of size, excluding very
small or large molecules. Advantages over hetastarch include
fewer side effects on the coagulation and RE systems.27-28 Be-
cause of its molecular weight range, pentastarch may be indi-
cated for use in patients with increased capillary permeability
associated with the syndrome of multiple organ failure. Pen-
tastarch shows promise for use in capillary leak syndromes, as it
should be retained within the circulation to a greater extent
than hetastarch and may aid in plugging leaky capillaries.?
Fractions of colloids with molecular weights between 100 and
1000 kd may represent the ideal size for sealing of widened
endothelial cell gap junctions. Smaller MW molecules may po-
tentiate third space accumulation of fluid, while larger mole-
cules may interfere with sealing.3® Another advantage of pen-
tastarch is its potential for larger volume expansion as
compared with hetastarch.

Dextrans. Dextrans are long glucose polymers produced
from sucrose by the bacterium Leuconostoc mesenteroides. The
average MW of dextran 70 is approximately 70,000, with 80%
of the molecules falling between 20,000 and 200,000 D. The
number average molecular weight is approximately 39,000.
Dextran 70 is available as a 6% solution (6% Gentran 70, Baxter
Health care Corp., Deerfield, IL) with a COP near 60 mm Hg.
The higher colloid oncotic pressure of dextran 70 compared
with hetastarch is because of a greater number of smaller mo-
lecular weight molecules. This number can be misleading, as
smaller molecules are more rapidly eliminated, and thus, the
initially greater blood volume increase is short-lived and not
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clinically significant. It is the number of larger molecules re-
maining that ultimately determines the sustained volume ex-
pansion effect of colloids, and this is very similar for both
dextran 70 and hetastarch. In fact, hetastarch has a larger mo-
lecular size and may have a slightly longer duration of action
than dextran 70.

Dextran 70 is associated with a higher rate of complications
than hetastarch. Allergic reactions and coagulation distur-
bances appear to be more common.?” As with hetastarch, the
coagulopathy associated with the use of dextrans is dose-re-
lated. This has been attributed to the coating of platelets, inhi-
bition of platelet, neutrophil and erythrocyte aggregation, clot-
ting factor dilution, and decreased von Willebrand’s factor and
factor VIII activity. Template bleeding times may increase.
These effects on bleeding are greater than those caused by
hetastarch. Dextrans also cause a greater reduction in viscosity,
making them better antithrombotic agents, but less useful in
hypocoagulable patients. Dextrans interfere with crossmatch-
ing of blood products because of adherence to red cell mem-
branes and clumping of erythrocytes.

Dextran molecules smaller than 20,000 D are renally ex-
creted, while larger particles are degraded by reticuloendothe-
lial cells. As with hetastarch, this occupation of RE cells may
reduce the ability of that system to remove other toxic particles
from the bloodstream. Dextran 40 should be used with caution,
as its colloids have a shorter duration of action and it is associ-
ated with renal failure in other species. Dextrans should be used
with caution in pregnant mares, as rare fetal deaths have oc-
curred when used in pregnant women.?”

Dextran 70 has been conjugated to polymyxin for prolonga-
tion of the half-life and limitation of the side effects associated
with polymyxin administration in horses.3! Side effects of this
combination product included transient tachypnea, sweating,
and increased plasma TXB, concentrations, all of which were
prevented by prior administration of ketoprofen.3! In this
study, control horses received 6.6 g of dextran 70/kg (approx-
imately 11 ml/kg of 6% dextran 70) with no mention of side
effects in this group. Dextran 70 has also been combined with
hypertonic saline (25%) for use as a volume expander in horses
experimentally.3? Side effects in this study included severe he-
molysis and hemoglobinuria in 3/7 horses, likely associated
with the marked hyperosmolarity induced by the product.32 In
vitro experimentation confirmed dextran 70-induced inhibi-
tion of equine platelet aggregation 1n response to platelet-acti-
vating factor.>* Early clinical reports of the use of dextran 70 in
horses included treatment of suspected verminous arteritis and
diarrhea. It was used as an antithrombotic agent in these pa-
pers. Side effects included muscle fasciculations, swaying of the
hind quarters, tachycardia and collapse in 8/64 horses.3435
Doses used in these reports were 1 to 3 mL/kg of dextran 70 (6%
dextran 70 in 5% dextrose).

Hemoglobin-based products. Oxyglobin (Biopure, Cam-
bridge, MA) contains polymerized bovine hemoglobin and is
labeled for use in dogs. The hemoglobin in this product is
sterile and ultrapurified, and the polymerization prolongs its
half-life by slowing renal excretion. Transfusion reactions are
unlikely because it is stroma-free and lacks erythrocyte mem-
branes, and therefore, does not require cross matching or blood
typing. It provides for oxygen carrying capacity in plasma, an
advantage for treating anemia and hemorrhagic shock. It de-
creases blood viscosity that also aids in improving tissue perfu-
sion. Oxyglobin also provides a colloid effect (42.6 = 0.9 mm
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Hg) 3¢ The shelf life of the product is 3 years at room tempera-
ture. Oxyglobin (15 ml/kg) was administered to normovol-
emic anemic ponies. Compared to hetastarch administered to
control ponies, oxyglobin resulted in improved hemodynamic
parameters, including heart rate and cardiac indices.37 In this
study, one pony (of 6) developed an anaphylactoid reaction,
characterized by pruritus, tachycardia, and tachypnea, which
resolved with discontinuation of the infusion. Disadvantages of
Oxygoblin include discoloration of mucous membranes and
body fluids. It also interferes with several biochemical analyses
and may diminish the usefulness of monitoring hematocrit or
erythrocyte count. Scavenging of nitric oxide by Oxyglobin
may result in regional tissue vasoconstriction, a disadvantage
that may counteract some of its oxygen carrying benefits. The
rate of conversion to methemoglobin in horses also needs fur-
ther study. Finally, the administration of additional iron to
patients with pro-oxidant states may increase the production of
reactive oxygen metabolites. Its ability to provide oxygen car-
rying capacity to plasma is an advantage in low flow and isch-
emic tissues.

Because of cost, Oxyglobin has received primary clinical use
in neonatal foals. Anecdotal reports suggest that a dose of 5 to
7.5 ml/kg may be of benefit to foals with neonatal isoerythroly-
sis (NI) while awaiting blood transfusion. One case report de-
scribed the administration of 22 mL/kg of polymerized hemo-
globin to a foal with N1.38 The Oxyglobin treatment maintained
oxygen delivery for up to 18 hours before washed red blood
cells were admimstered. Polymerized hemoglobin has been
used in a miniature horse with ovarian hemorrhage and in a
miniature horse and pony with presumed red maple toxico-
sis.?9-%0 In the latter report 16 and 11 ml/kg of Oxyglobin were
administered.

Clinical Applications of Colloid Therapy

Colloids provide several advantages for volume resuscitation of
patients experiencing a systemic inflammatory response syn-
drome (SIRS). They are effective at replacing intravascular def-
icits rapidly. Small volumes and shorter infusion times are
required for volume resuscitation as compared with crystal-
loids. Other indications for colloids include hypoproteinemia,
especially if coupled to hypovolemia. The author attempts to
maintain COP above 14 mm Hg when restoring intravascular
volume in horses with acute hypoproteinemia.

The author prefers to use a combination of crystalloids and
colloids in treating horses with fluid deficits. A combination of
plasma and hetastarch offers the advantages of each. Plasma is
often administered at a dose of 4 to 8 mL/kg. Hetastarch should
be added for additional colloid support at a dose of 10 mL/kg,
and can be administered as a bolus (10 mL/kg/h) for volume
expanding effects or as a continuous rate infusion of 0.5 to 1
ml/kg/h for continuous colloid support until desired volumes
are given. Horses potentially undergoing major surgery (ie,
surgical colic) and those with hypocoagulable states (such as
von Willebrand’s syndrome or thrombocytopenia) should not
be administered hetastarch. However, horses with hypercoag-
ulable syndromes, such as disseminated intravascular coagula-
tion, may benefit from hetastarch administration. Caution
should be utilized when using colloids in horses with severe
capillary leak states, such as acute respiratory distress syn-
dromes, because colloids could exacerbate edema if they cross
compromised endothelial barriers. Judicious use is also pru-
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dent in animals at risk for volume overload or elevations in
central venous pressure, including horses in heart failure and
anuric renal failure.

In general, volume deficits could be replaced with one-third
colloid and two-thirds crystalloid to provide for both rapid
volume expansion as well as interstitial rehydration. Monitor-
ing of horses on colloid therapy should include measurement of
direct COP whenever possible. Though measurement of total
protein is useful in monitoring plasma therapy, refractometric
readings of total solids will underestimate increases in COP
caused by synthetic colloids.* (Refractometer reading of total
solids in Hetastarch is 3.8 g/dl.) COP will be even further
underestimated if chemistry values for total protein are used.
Other techniques that aid in monitoring fluid balance should be
employed, including measurements of body weight changes,
hematocrit, albumin, serum BUN and creatinine, urine output
and specific gravity, arterial blood pressure, plasma osmolarity,
CVP, blood lactate concentration, thoracic radiography, and
echocardiography.
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