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Abstract

Diarrhea is the leading cause of calf mortality prior to weaning
in both beef and dairy calves. Therefore, both veterinarians
and producers should put some effort into designing rational
and efficacious protocols both for the prevention and treatment
of diarrhea. The primary goals of treating calf diarrhea are to
1) correct free water and electrolyte abnormalities; 2) correct
acid-base deficits (acidemia); 3) provide nutritional support;
and 4) eliminate and/or prevent E. coli bacteremia. This pre-
sentation will focus on both oral electrolyte and intravenous
fluid therapy in calves with diarrhea. Practical approaches to
correcting dehydration and metabolic acidosis on-farm will be
emphasized.
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Introduction

Neonatal diarrhea remains the most common cause of death
in both beef and dairy calves. Despite significant progress in
understanding the pathophysiology of neonatal diarrhea, it
continues to be a major cause of economic loss to the cattle in-
dustry. A complete review of the pathophysiology of diarrhea
is beyond the scope of this chapter and has recently been cov-
ered elsewhere.!® Some pathogens cause secretory diarrhea,
causing the small intestine to move from a net absorption of
fluid to a net secretion of chloride, sodium, and water into the
intestinal lumen. This increase in secretion overwhelms the
absorptive capacity of the large intestine resulting in diarrhea.
Other pathogens damage the small intestinal villi which results
in failure to absorb electrolytes and water (malabsorptive diar-
rhea). However, regardless of the pathogen or the mechanism
involved, diarrhea increases the loss of electrolytes and water
in the feces of calves and often decreases milk intake. This
results in dehydration, strong ion acidosis, electrolyte abnor-
malities (usually decreased sodium and increased or decreased
potassium), increased D-lactate concentrations, and a negative
energy balance (from anorexia and malabsorption of nutri-
ents). Therefore, diarrhea is by far the most common indica-
tion for fluid therapy in neonatal calves. The primary goals of
treating calf diarrhea are to 1) correct free water and electro-
lyte abnormalities; 2) correct acid-base deficits (acidemia); 3)
provide nutritional support; and 4) eliminate and/or prevent E.
coli bacteremia. Three of these four goals can be met with fluid
therapy. The purpose of this article is to provide an overview
of fluid therapy in calves with particular emphasis on treating
diarrhea. Practical options for fluid therapy that can be per-
formed on the farm will be emphasized.

Oral electrolyte therapy

According to the World Health Organization (WHO), the de-
velopment of oral rehydration therapy was one of the most
significant advances in human medicine of 20th Century. Oral
electrolyte solutions also continue to serve as the backbone of
treatment protocols for diarrhea in neonatal calves because
they are cheap and easy to administer on-farm. Oral electrolyte

solutions (OES) are indicated in any diarrheic calf that has at
least a partially functional gastrointestinal tract. If OES are ad-
ministered to a calf with ileus, the fluid pools in the forestom-
ach resulting in bloat and rumen acidosis. In general, a calf
with any sort of suckle reflex or that demonstrates any “chew-
ing” action can be considered to safely tolerate oral fluids.

Oral electrolyte therapy in calves was thoroughly reviewed in
previous manuscripts,?%2%2 but a brief overview will be given
here. Oral electrolyte solutions were originally developed in hu-
man medicine for treatment of diarrhea associated with chol-
era infection, with the original WHO electrolyte formulation
based on the following main principles:

1) It was an isotonic solution which contained an approximately
equimolar mixture of sodium (90 mM/L) and glucose (2%).

2) It contained potassium because of the severe potassium
depletion associated with diarrhea and anorexia.

3) It contained glycine to facilitate absorption of sodium, glu-
cose, and water.

4) It contained bicarbonate to correct the metabolic acidosis
associated with diarrhea.

Although much research has been done on oral fluid therapy
since that time, surprisingly, we have not moved very far from
the original principles of the 1960s.

Considerable variability exists in the quality of commercial
oral electrolyte solutions available today (see comparison table
of oral electrolytes in reference 4) and the practitioner must put
some thought into the product they choose to use in practice.
Simply recommending oral electrolyte rehydration in this de-
cade is as imprecise as advocating “antibiotics” would be with-
out considering the drug or condition being treated. There are
several important factors to consider when deciding on a prod-
uct. Current knowledge indicates that an OES must satisfy the
following four requirements: 1) supply sufficient sodium to nor-
malize the extracellular fluid volume; 2) provide agents (glu-
cose, citrate, acetate, propionate, or glycine) that facilitate ab-
sorption of sodium and water from the intestine; 3) provide an
alkalinizing agent (acetate, propionate, or bicarbonate) to cor-
rect the acidosis usually present in calves with diarrhea; and

4) provide energy, as most calves with diarrhea are in a state of
negative energy balance. Factors to consider when choosing an
oral electrolyte solution include the following.

1) Sodium concentration

Sodium is the osmotic skeleton of the extracellular fluid and
therefore of plasma. Because sodium is the principal deter-
minant of the volume of the ECF volume, it must be present in
an oral electrolyte solution to rapidly correct the losses that
have occurred with dehydration and diarrhea. The ideal so-
dium concentration for oral rehydration therapy in calves is
not completely known, however most research would suggest
it should be between 90 and 130 mmol/L. Products containing
sodium at significantly lower concentrations are not able to
adequately correct dehydration. Oral electrolyte products with
very high sodium concentrations might be expected to cause
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hypernatremia and have also been shown to delay abomasal
emptying rates because of increased osmolality.

2) Chloride concentration

Although calves lose chloride during diarrhea, this loss does
not occur nearly to the same degree as sodium.” A general
guideline has been that oral electrolyte products should contain
chloride in concentrations between 40 and 80 mM/L.

3) Potassium concentration

Like sodium and chloride, potassium is lost in the feces of
calves with diarrhea. Therefore, all calves with diarrhea have a
total body deficit of potassium. However, in acute cases of diar-
rhea calves may have elevated blood potassium concentrations
(hyperkalemia).29 With dehydration, aldosterone is released
from the pituitary gland. Aldosterone acts on the kidney to
conserve sodium and water at the expense of increased potas-
sium losses. Therefore, in chronic cases of diarrhea, calves can
have profound depletion of body potassium stores and gener-
ally have low serum concentrations of potassium. Clinical signs
of hypokalemia include profound muscular weakness which is
often present in calves with chronic diarrhea. General recom-
mendations are that oral electrolyte products used in calves
with diarrhea contain potassium concentrations between 10
and 30 mM/L.

4) Sodium absorption

Sodium absorption by the small intestine is a passive process,
and is linked to the movement of actively absorbed or secreted
solutes. If sodium is present in the lumen of the small
intestine without either glucose or amino acid, there is either
a small net absorption or no net sodium movement across the
jejunum. One of the earliest mechanisms of intestinal sodium
absorption discovered was linked with sugar.? Glucose can

be co-transported with sodium from the intestinal lumen to
the inside of the enterocyte at the brush border membrane.
Because this mechanism was well understood by the 1960s,
almost all early oral electrolyte formulations were mixtures
of sodium and glucose. Neutral amino acids such as glycine,
alanine or glutamine can also facilitate sodium absorption

in the small intestine by a mechanism similar to glucose. In
addition, volatile fatty acids such as acetate or propionate have
also been shown to facilitate sodium absorption in the gut.?®

5) Osmolality

Commercially available oral electrolyte products in North
America can range from roughly isotonic (280-300 mOsm/L) to
extremely hypertonic (700-800 mOsm/L). The primary differ-
ence in most of these products is the amount of glucose that is
added. High osmolality solutions provide greater nutritional
support to calves relative to lower osmolality products, however
milk or milk replacer is better able to maintain normal serum
glucose concentration much better than either hypertonic or
isotonic oral electrolyte solutions.® However, as expected, oral
electrolyte solutions rehydrated calves and prevented the devel-
opment of metabolic acidosis more effectively than did milk re-
placer because they have a much higher sodium concentration.
Multiple studies have demonstrated that high osmolality oral
electrolyte solutions maintain higher serum glucose and lower
B-OH butyrate (ketone) concentrations when compared to lower
osmolality electrolyte solutions.® The downsides of high osmo-
lality: 1) it could worsen diarrhea, and 2) it will slow abomasal
emptying. The first downside was what led most OES designed

for children with diarrhea to be formulated with a lower os-
molality. Most calves with enteric pathogens already have hy-
persecretion of electrolytes and water into the small intestinal
lumen, which could be exacerbated with the feeding of hyper-
tonic solutions (electrolyte or milk replacer). Raising the intra-
luminal tonicity would serve to increase the secretion of water
and electrolytes into the intestinal lumen, thus increasing the
severity of diarrhea. This effect would likely be magnified with
severe villus damage, which is often present in diarrheic calves.

Oral electrolyte solutions with extremely high osmolalities have
also been shown to slow abomasal emptying rates as compared
to isotonic products.?%22 This suggests that electrolyte products
with a very high osmolality (or high glucose concentrations)
would be likely to induce abomasal ileus, thus increasing the risk
of bloat and/or abomasitis.* So although the ideal osmolality of
an oral electrolyte solution for calves is not completely under-
stood, a moderate osmolality solution (400-500 mOsm/L) would
be ideal in dairy calves or in beef calves that have been separated
from the dam. Certainly, if milk is to be withheld for any length
of time, a hypertonic oral electrolyte solution would be indicated
to provide energy to the calf. However, lower osmolality solu-
tions might be appropriate for calves that were still suckling or
drinking milk. Another consideration is that OES frequently get
added to milk or milk replacer for feeding which further increas-
es osmolality. My recommendation is to avoid OES with extreme-
ly high osmolality. In general, I prefer to get the calf’s nutrition
(glucose) from milk and use OES for improving dehydration, cor-
recting acidosis and replacing electrolytes.

6) Alkalinizing ability

As discussed above, acidemia and metabolic/strong ion
acidosis occur in almost all cases of calf diarrhea. Research has
demonstrated that acidotic calves are unable to correct their
metabolic acidosis when rehydrated with non-alkalinizing
solutions (ie. milk or OES without alkalinizing agents).
Therefore, it is imperative that OES to be used in calves with
diarrhea be able to increase blood pH. Classically this has been
done by adding alkalinizing agents (i.e. bicarbonate, acetate
or propionate) to oral electrolyte mixtures. More recently,
there has been growing interest in looking at the strong ion
difference (SID) of electrolytes as they relate to the efficacy

of a different product to promote alkalinization. In reality,
both (having an alkalinizing agent and a high SID) are likely
important. Acetate, propionate, bicarbonate and citrate are all
considered alkalinizing agents and are frequently present in
commercial oral electrolyte solutions. Bicarbonate-containing
fluids are very effective at correcting a severe acidosis, since
bicarbonate reacts directly with H+ ions to form CO2 and H20.
Acetate and propionate are also alkalinizing agents and have
been shown to have alkalinizing effects similar to bicarbonate.
Acetate and propionate are only effective alkalinizing agents
when they are metabolized; a process which forms water

and creates bicarbonate ions (bicarbonate precursors). This
metabolic process appears to still function efficiently in calves
with severe diarrhea as the alkalinizing ability of the acetate
has been shown to be as effective as bicarbonate.® Acetate and
propionate have several advantages over bicarbonate:

a. As discussed above, acetate and propionate facilitate so-
dium and water absorption in the calf intestine and colon
whereas bicarbonate does not.

b. Acetate and propionate produce energy when metabolized,
whereas bicarbonate does not.

c. Acetate and propionate do not alkalinize the abomasum
whereas bicarbonate does.?*
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Abomasal acidity provides a natural barrier to ingested bacte-
ria, and maintaining a low abomasal pH will decrease the num-
ber of viable coliform bacteria that reach the small intestine.
This increases nonspecific resistance to intestinal colonization.
Therefore, the increase in abomasal pH seen with electrolyte
products that contain high concentrations of bicarbonate may
facilitate growth of bacterial diarrheal pathogens and thus in-
crease the severity, duration and mortality rate associated with
diarrhea in calves.

Strong ion theory is a different approach to looking at acid-base
abnormalities and is covered in detail elsewhere.®!%17 Based on
strong ion theory, it is not necessarily imperative that an electro-
lyte solution contain an alkalinizing agent to correct metabolic
acidosis; rather, the product must deliver an excess of strong
cations (Na+) relative to the concentration of strong anions (Cl-).
Therefore, it has been advocated to consider the strong ion differ-
ence (SID) of an oral electrolyte solution when choosing a prod-
uct. This can be calculated as follows: [Na+] + [K+] - [C]-] = SID. Al-
though there has not been any definite research to determine the
optimal or minimum SID that an oral electrolyte product should
contain, a minimum SID of 50-80 mEq/L would be recommended
in a calf with diarrhea. Recent studies in calves demonstrate SID
is a valid approach when formulating oral electrolytes for use in
calves with diarrhea and acidosis.??” Ultimately, the ideal elec-
trolyte solution for use in calves with diarrhea should contain at
least 50 mM/L of an alkalinizing agent (preferably acetate and/
or propionate), and have a SID of at least 50-80. Unfortunately,
products without alkalinizing agents and with very low SIDs are
commonly available in North America and should be avoided in
calves with diarrhea.

Ultimately, oral electrolytes should be the first line treatment
for diarrhea in calves. A recent study showed that oral elec-
trolytes expanded plasma volume and increased blood pH and
glucose concentrations faster and more significantly than did

2 liters of Lactated Ringers given either IV or SC.1! When oral
electrolytes are used at the first sign of diarrhea and an effec-
tive product is chosen, they can repair or prevent the majority
of metabolic consequences that occur as a result of diarrhea. If
farms perceive a poor response to oral electrolyte therapy, it is
important to review what product they are using and how it is
being administered. Often, the most palatable electrolyte prod-
uct is not the most effective.

Intravenous fluid therapy

Assessing the need for IV fluid therapy

The key for bovine practitioners is to be able to decide if IV
fluid therapy is necessary in sick calves based on clinical ex-
amination rather than on laboratory values. Important clinical
parameters to guide decision making on fluid therapy are ob-
tained from the evaluation of hydration status and central-ner-
vous-system (CNS) function. Degree of enopthalmus is the best
predictor of dehydration in calves, followed by skin elasticity
determined on the neck and thorax.>?3 In clinically sick calves,
it is important to evaluate hydration status along with other
clinical signs. These include the ability of the calf to suckle, se-
verity of CNS depression, and whether or not the calf can stand
(degree of weakness). These factors in combination are used to
determine whether or not IV fluid therapy is indicated.

Blood-gas and acid-base status are ideally determined with a
portable blood gas analyzer such as the I-Stat System. However,
these laboratory analyzers are expensive and are therefore not

used in most practices. Assessment and diagnosis of acidosis on
the basis of clinical signs is quite common in bovine practice.
The predictive accuracy of the degree of acidosis on the basis of
clinical signs has varied between studies. The clinical signs of
neurological depression (weakness, ataxia, and decreased men-
ace, suckle and panniculus reflex) are highly correlated with
the severity of metabolic acidosis in calves without dehydra-
tion. Also in diarrheic calves, signs of CNS depression, ability
to stand, and suckling force, all correlated well with metabolic
acidosis.!®1° The degree of enopthalmos and peripheral skin
temperature are important, and obvious signs that determine
whether or not I'V fluid therapy is indicated, however they do
not correlate with the degree of acidosis.

A very important discovery was that metabolic acidosis in diar-
rheic calves varies during the first weeks of life. Naylor discov-
ered that metabolic acidosis is less severe during the first week of
life than in diarrheic calves older than 8 days.!®!° The base defi-
citin diarrheic calves older than one week was almost twice as
high as in calves presented with diarrhea during the first week of
life. Subsequent studies confirmed that calves with diarrhea old-
er than one week of age usually exhibit a higher base deficit.!* On
the basis of his findings, “depression scoring” charts were devel-
oped for predicting the severity of metabolic acidosis based on
body position, strength of suckle reflex and age of the calf, with
corresponding values for base deficit and bicarbonate require-
ments for the treatment of metabolic acidosis in diarrheic calves
under or over 8 days of age. These protocols became a popular
approach to guide diagnosis and treatment of acidosis in calves
with diarrhea, and are presented in common veterinary medical
textbooks. More recent studies have linked the depression scor-
ing in calves with elevated D-lactate concentrations instead of
the severity of acidosis.!>16:1%28

In summary, the age of the calf needs to be taken into consider-
ation when assessing the severity of acidosis and determining
bicarbonate requirements of diarrheic calves. Calves with diar-
rhea and dehydration during their first week of life are less aci-
dotic than older calves, and will require less sodium bicarbon-
ate to correct their acidemia. Calves that are unable to stand or
have a weak or absent suckle reflex have a more severe acidosis
and require intravenous sodium bicarbonate to correct their
acidemia. D-lactic acidosis may be present in sick calves with or
without diarrhea and dehydration that are recumbent or wob-
bly, tired, listless or comatose, and with a delayed, incomplete,
or absent palpebral reflex.? Also if the suckle reflex is absent,
weak, or the calf is chewing irregularly instead of suckling nor-
mal, D-lactic acidosis may be the underlying disease state.

Solutions for intravenous administration

Thorough reviews of fluid therapy in ruminants and options

for fluid therapy in calves with diarrhea have been published
previously.%25 This section will give a brief overview of intra-
venous fluid therapy in calves and focus primarily on more re-
cent advances in the treatment of diarrhea. Because acidemia is
very common in calves with diarrhea, generally these animals
require an alkalinizing fluid type to increase their blood pH.
These can include:

1) Lactated Ringer’s (LRS) - A traditional isotonic fluid that is
sometimes be used to correct dehydration and electrolyte ab-
normalities in neonatal ruminants. Lactate is a metabolizable
base and therefore LRS is considered an alkalinizing fluid (that
can increase blood pH). However, since the lactate must be
metabolized to produce an alkalinizing effect, this fluid type is
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considered to have weak or slow alkalinizing ability and is not
recommended for neonates with severe acidemia. Although
LRS can be successfully used to treat dehydration and electro-
lyte abnormalities in neonates, it is difficult and expensive to
administer in the field requiring intravenous catheterization,
delivery equipment, animal restraint, large fluid volumes (3 to
5 liters in a calf depending on size and degree of dehydration),
and monitoring. A theoretical disadvantage of commercially
available LRS is that the lactate is a racemic equimolar mix-
ture of L-lactate and D-lactate and its use should be avoided in
severely acidemic calves since D-lactate concentrations may
already be elevated.!>16:17

2) Acetated Ringer’s - Similar to LRS but contains acetate in-
stead of lactate as the metabolizable base. Would also be con-
sidered a weak or slow alkalinizing fluid type and would have
to be given in large volumes to correct dehydration in diarrheic
calves. Acetated Ringer’s solution is theoretically superior to
lactated Ringer’s solution because acetate is metabolized faster,
therefore alkalinization is more rapid. In addition, acetate
would not exacerbate the D-lactic acidosis present in the major-
ity of calves with diarrhea.

3) Isotonic sodium bicarbonate - Sodium bicarbonate is often
referred to as a “strong” alkalinizing fluid since bicarbonate
does not have to be metabolized by the liver to have an alkalin-
izing effect on the blood. Sodium bicarbonate has proven to be
more effective than other metabolizable bases (such as lactate
or acetate), bicarbonate precursors, or synthetic bases. Isotonic
sodium bicarbonate is often given as a 1.3% solution and can
be easily prepared by adding baking soda (NaHCO3-) to sterile
(or distilled) water at 13 grams per liter (155 mEq/L HCO3-) and
administered via an intravenous catheter. Isotonic sodium bi-
carbonate has an effective SID of 155 mEq/L and is alkalinizing

because it buffers hydrogen ions and increases the SID in blood.

The amount of isotonic bicarbonate required to correct an aci-
demia is usually calculated based on either blood total CO2 or
bicarbonate concentrations, or base excess values, but usually
ranges between 2 and 5 liters depending on the calf’s weight
and severity of acidosis (which can be estimated using depres-
sion scores). Base excess values calculated from blood gas anal-
ysis or estimated from depression scoring charts are multiplied
by body weight, and with a factor that considers the volume of
distribution for bicarbonate ions in the body (generally 0.6) ac-
cording to the following formula:

Bicarbonate requirement [mEq] = body weight [kg] x base defi-
cit [mEq/L] x 0.6 [L/kg]

Another simple but successful rule of thumb is to administer
isotonic sodium bicarbonate solution at approximately 10%
body weight over a period of several hours (ie. 4 liters to a 40 kg
calf). The disadvantage of isotonic sodium bicarbonate is that
it still requires an intravenous catheter and the administration
of a relatively large volume of fluids which can sometimes be
difficult to accomplish under field conditions. See Figure 1 for a
further example of using isotonic sodium bicarbonate.

4) Hypertonic saline - Over the past 10 years, we have dis-
covered that hypertonic saline (2400 mOsm/L) can be used to
rapidly expand plasma volume in a severely dehydrated calf.?
When combined with oral electrolyte solutions, this therapy
can be as effective in resuscitating severely dehydrated calves
as large volume lactated Ringer’s administration and is less
expensive and much easier to administer. Hypertonic saline
solutions can be purchased commercially in 1000 ml containers

and should be given at a rate of 4 to 5 ml/kg administered slowly
over a 4-minute period. Keep in mind, however, that hyperton-
ic saline does not correct an acidemia.

5) Hypertonic sodium bicarbonate - In recent years, the use

of hypertonic sodium bicarbonate (HSB) combined with oral
electrolytes has gained popularity for the correction of acidosis
and dehydration in neonatal ruminants with diarrhea. Gener-
ally, HSB is commercially available as an 8.4% solution which
contains sodium bicarbonate at 1 mEq/mL of solution. The to-
tal osmolality is approximately 2000 mOsm/L. Therefore, the
product should theoretically generate an osmotic movement

of water and electrolytes from the gastrointestinal tract to the
extracellular fluid space similar to hypertonic saline. How-
ever, an added benefit would be that it is an alkalinizing fluid
and should significantly increase blood pH at the same time.
Although there are some theoretical disadvantages to HSB
administration, a study in anesthetized calves demonstrated
that rapid administration of HSB was safe when administered
to anesthetized calves.! It was effective in reversing an exper-
imentally-induced acidemia and did not cause cerebrospinal
fluid pH to decrease (paradoxical CSF acidosis) as has long

been hypothesized. In a German study, 28 calves with naturally
occurring diarrhea were divided into 2 groups.* One group
received hypertonic saline (5 ml/kg of body weight over 4 min-
utes) and the other group received hypertonic (8.4%) sodium
bicarbonate (10 ml/kg of body weight over 10 minutes). Intrave-
nous fluids were followed by 3 liters of an isotonic oral electro-
lyte solution. During the 72-hour period following treatment,
more calves recovered that had received the HSB as compared
to hypertonic saline (many calves that received only hypertonic
saline required additional fluid therapy). Another study done

in Turkey involved 50 calves with diarrhea, dehydration and
strong ion acidosis.!” Thirty calves in this study received isoton-
ic sodium bicarbonate (65 ml/kg of body weight over 3 hours)
while 20 calves received 8.4% HSB (10 ml/kg of body weight over
20 minutes). Although isotonic sodium bicarbonate was able to
increase plasma volume to a greater extent than HSB, both fluid
types were effective in rapidly increasing venous pH and resus-
citating calves. Although more studies are needed to determine
the proper dose of HSB for use in calves, this can be an effective
fluid type for correcting metabolic acidosis. It can be used in
calves with diarrhea when an intravenous catheter or long-term
fluid therapy is not practical.

6) Dextrose - This is the only non-alkalinizing fluid type that is
generally used in neonatal ruminants. Dextrose is often added
to other solutions at 5-10% to counteract the negative energy
balance in diarrheic calves with or without hypoglycemia.
However, in dehydrated calves, a plain 5% dextrose solution is
not sufficient to correct extracellular fluid deficits because the
solution contains no sodium. To provide energy and rehydrate
the neonate, 25 to 50 grams of dextrose or 50 to 100 m! of 50%
dextrose solution can be added per liter of LRS or isotonic so-
dium bicarbonate to make a mildly hypertonic solution.

7) Homemade fluids - In some conditions, practitioners will
make their own fluids. This is particularly true on calf ranches
or when IV fluids are used frequently and must be cost effec-
tive. These may be sterile or might be made in gallon jugs of
distilled water. A recipe I have used is listed in Figure 2.

In summary, alkalinizing fluids are the appropriate choice for
the intravenous rehydration of calves with diarrhea and dehy-
dration. At present, sodium bicarbonate is the recommended
solution for intravenous treatment for diarrheic calves that
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Figure 1: Fluid therapy case example

History: 10-day old, 90-pound Holstein heifer with history of diarrhea
Exam: Calf is recumbent and can’t lift head, no suckle reflex, fecal staining around tail

Blood gas analysis: pH is 6.97 (normal - 7.35-7.45); pCO2 = 27.0 (normal 40-50 mmHg)
Base excess value is -25 (normal 0-6 mEq/L) and bicarbonate is 6 (N=20-30 mEq/L)

Calculating base deficit- there are 3 ways to do this
1) Any negative base excess value is your base deficit (in this case it would be 25)

2) If you have a bicarbonate value (serum biochemistry) - subtract that from 30 mEq/L (which is normal) - so in this
case 30-6 gives us a base deficit of 24 mEq/L

3) We can use depression scoring — a recumbent calf greater than 1 week of age has a base deficit of at least 20 mEq/L

Calculating bicarbonate requirements: Remember Weight (kg) x % extracellular space x Base Deficit
41 kg x 0.6 x 25 = 615 mmol/L needed (bicarbonate)

Options for fluid therapy: This calf needs sodium bicarbonate for rapid increase of blood pH - there are several ways to
get this done

1) Isotonic sodium bicarbonate - This isn’t available commercially and would need to be made (baking soda mixed with
sterile water or baking soda with distilled water is often used). Each gram of baking soda contains 12 mmol of HCO3-
so if you need 615 mmol in this calf: 615/12 = 51.25 grams of baking soda needed). Since isotonic sodium bicarbonate
contains 13 grams of baking soda per liter of fluid - 51.25/13 = 4 liters of fluids for this calf. In general, a small calf
will need 3 liters, an average calf 4 liters and a really large calf 5 liters. Run the 4 liters IV over 2-3 hours if possible.

2) Hypertonic sodium bicarbonate in fluids- Remember this is 1 mEq of bicarbonate per ml of solution and this calf had
a deficit of 615 mOsm/L. So, you could add 600 ml of hypertonic sodium bicarbonate to saline (2-5 liters) and
administer over several hours. Hypertonic sodium bicarbonate isn’t cheap - so you may choose to only partially
correct the deficit (maybe give 400 ml) intravenously and then administer oral electrolytes.

3) Hypertonic sodium bicarbonate undiluted IV - You can use hypertonic sodium bicarbonate as an IV bolus at
5-10 ml/kg given over 5-10 minutes. In this case that would be 200 to 400 ml administered slowly followed by oral
electrolytes when the calf can sit up.

4) Baking soda diluted in sterile saline - Sometimes you don’t have the time to make isotonic sodium bicarbonate and
you don’t have hypertonic sodium bicarbonate on the truck. With distilled water or sterile saline — you can still “spike”
these fluids with baking soda and correct acidosis. Remember you need about 51 grams of baking soda to correct the
base deficit in the calf above. How do | estimate this in the field? An empty 12 ml syringe case when filled to the top will
contain 35 grams of baking soda, an empty 20 ml syringe case will contain 60 grams and a 35 ml syringe case will
contain 100 grams. An empty 10-ml blood tube filled with baking soda will contain 14 grams. Once you have your baking
soda - you’ll have to pull some fluid out of the bag into a sterile container (empty bottle of calcium or dextrose) — mix it
with the baking soda - and then syringe it back into the fluid bag.
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Figure 2: Homemade calf electrolyte solution (per liter)

NacCl - 2 grams/L (7.5 grams per gallon) 34 mEq/L Na+ and 34 mEq/L Cl-

KCl- 1 gram/L (3.8 grams per gallon) 13 mEq/L K+

NaHCO3 - 13 g/L (50 grams per gallon) 155 mEq/L HCO3 and 155 mEq Na+

In calves that are weak but still standing - You can use half the sodium bicarbonate (6 grams/liter in calves that aren’t

recumbent) - and increase salt to 6 grams per liter

If you use distilled water and reagent grade salts — these can safely be given IV - they can also be given subcutaneously

although absorption tends to be very slow.

have lost their suckle reflex, palpebral reflex and are unwilling
to stand. Sodium bicarbonate (either hypertonic or isotonic)
rapidly corrects both acidosis and dehydration, and will restore
normal cellular function. When the calf’s suckle reflex is re-
established, further treatment can be given orally.

Administration of intravenous fluids

Many studies have presented various protocols for IV fluid thera-
py in calves, however, clinical research comparing the effective-
ness of different protocols in dehydrated calves with diarrhea is
limited. In practice, fluid therapy has to be simple and cost effec-
tive, and must be based on clinical signs that are easily assessed.
To determine daily fluid requirements, estimated amounts for
replacement, maintenance and ongoing losses (for diarrhea)
must be calculated. The quantity of replacement fluid in liters is
calculated by multiplying the estimated dehydration in percent
with body weight in kg according to the following formula:

Replacement fluid [L] = dehydration [%] x body weight [kg]

A maximum rate of 80 ml/kg/hour for IV fluid administration
has been used without inducing significant overhydration and
hypertension. This rate is equivalent to a maximum fluid volume
of 2.8 L per hour for a 35 kg (77 1b) calf, or 1 gallon (3.8 L) per hour
for a 47 kg (104 1b) severely dehydrated calf. Higher flow rates are
not recommended. Slower infusion rates of 30-50 ml/kg/hour are
often used to avoid overhydration and pulmonary edema. With

a rate of 30-40 ml/kg/hour, a 40 kg calf with 10% dehydration

can be rehydrated within 3 to 4 hours. In addition, daily mainte-
nance fluid volumes of 80-100 ml/kg and ongoing losses of up to 7
liters per day should be added to calculate the daily fluid require-
ments. However, if the calf can suckle after initial resuscitation,
these fluid requirements can be given orally to reduce costs. In-
travenous fluids are generally given via jugular or auricular (ear)
vein catheter. Catheterization of the auricular vein in calves has
been was described in detail previously.?

As stated above, practitioners must rely on clinical signs such as
ability to stand, suckling intensity, loss of palpebral reflex and
age of diarrheic calves to predict if alkalinizing therapy is indi-
cated and how much isotonic sodium bicarbonate should be ad-
ministered. Because determining the severity of acidosis on the
farm is difficult and costly, buffer administration is commonly
done without any laboratory data. Therefore, the clinical re-
sponse of the calf to IV fluid therapy must be monitored. Urina-
tion within 30 to 60 minutes, improvement of mental and hydra-
tion status, and most importantly restoration of the suckle reflex
are monitored as a response to treatment. Recumbent calves
should stand within a few hours of IV fluid therapy. If the suckle
reflex does not return after IV buffer therapy, other diseases such
as septicemia, omphalitis or pneumonia should be ruled out.
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