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The efficient, accurate, and timely assessment of 
emergent patients is necessary to have successful 
outcomes. This chapter will review physical exami-
nation (PE) and point-of-care blood testing (POCT), 
important first-line tools that guide therapeutic deci-
sion making in an emergency and critical care set-
ting. The specific point-of-care tests to be covered 
include packed cell volume/total protein (PCV/TP), 
blood glucose (BG), ketone values, and blood lactate. 
Point-of-care instrumentation is available, which 
also reports such parameters as electrolytes, blood 
gas values, acid–base, and coagulation. Discussion of 
these parameters as well as other point-of-care 
assessments, including blood pressure and point-of-
care ultrasound, are covered elsewhere in this book.

1.1 Basic Physiology and Anatomy

Physical examination

As technology has evolved, more diagnostic instru-
mentation that allows for quick or instantaneous 
test results is readily accessible; as a result, the 
physical exam has seemingly decreased in its 
importance and utility. However, no technology 
can replace the value of the physical exam, defined 
as ‘an examination of the bodily functions and 
condition of an individual,’ for the practicing clini-
cian. The physical exam is a skill that has to be 
nurtured, practiced, and fine-tuned by repetition 
and experience over time. In fact, the more experi-
enced the clinician, the more important the infor-
mation that can be gleaned from the exam. The 
benefits associated with performing thorough 
physical exams are numerous. Those benefits 

include its immediate availability, use of basic 
senses (seeing, hearing, touching, and smelling), 
and, with the exception of a stethoscope, lack of 
need for any special instrumentation. Additionally, 
it is cost-effective, provides a wealth of information 
regarding the patient’s clinical status in a short 
period of time, and can be utilized for serial moni-
toring to identify changes or trends in a patient’s 
condition or response to therapy.

Point-of-care blood testing

Blood glucose

As the primary source of fuel for energy production 
in most cells in the body, the availability and regu-
lation of glucose is necessary to sustain life. In most 
cases, glucose is present in ample amounts in mam-
mals although sometimes the ability to deliver the 
glucose to the needed locations can be challenging. 
An example would be a diabetic patient who has 
ample circulating glucose but is unable to provide 
that glucose to the mitochondria within the cells.

The concentration of glucose within the body is 
controlled within a set range during the resting 
state. Table 1.1 lists the reference range for BG in 
canines and felines at rest. Normal BG levels are 
primarily maintained by the hormone insulin that 
serves to transport glucose into the cells for conver-
sion to adenosine triphosphate (ATP) by the stages 
of aerobic metabolism (glycolysis, transport 
through the tricarboxylic [TCA] cycle, and passage 
through the electron transport chain). Thus, insu-
lin’s major effect is to lower the BG concentration. 
BG levels are further regulated and the effects of 

* Corresponding author: johns357@purdue.edu



2 P.A. Johnson

insulin opposed by the counter-regulatory hor-
mones glucagon, cortisol, epinephrine, and growth 
hormone. These hormones can stimulate further glu-
cose release into the bloodstream to maintain or 
increase BG levels. When glucose is not maintained 
under tight control, hypoglycemia or hyperglyce-
mia can occur. Both conditions can be affiliated 
with morbidity and mortality.

The brain is an obligate glucose user and has 
reduced or minimal capabilities to liberate its own 
glucose from glycogen stores or to use protein as an 
energy source. Therefore, the brain relies on sys-
temic delivery of glucose to maintain normal meta-
bolic function. Thus, when hypoglycemia occurs, 
not only are the majority of clinical signs associ-
ated with insufficient glucose delivery to the brain 
(neuroglycopenia), but they also occur within a 
relatively short period of time. If the hypoglycemia 
is not corrected quickly or is allowed to persist for 
an extended period of time, these neurologic-
related clinical signs may persist beyond the time of 
correction and may progress to include cortical 
blindness and peripheral nerve demyelination.

Hyperglycemia can be tolerated for longer peri-
ods of time with the more minor increases in BG 
(<200 mg/dL) typically not leading to clinical signs 
and hence able to be tolerated for longer periods of 
time. Severe hyperglycemia (>200 mg/dL) is associ-
ated with clinical signs and is not tolerated for long 
periods. The most common clinical signs in the 
case of hyperglycemia are associated with fluid 
losses. This is due to the fact that significant hyper-
glycemia causes fluid to shift into the vascular 
space from the cells. Large quantities of glucose 
molecules act as an effective osmole and draw 
water from the cells into the vasculature. These 
fluid shifts lead to cellular dehydration. At the 
same time, the glucose molecule will similarly 
retain water with it in the renal tubules, leading to 
polyuria. Significant polyuria can cause enough 
fluid and concurrent electrolyte loss via the urinary 
system to lead to further cellular dehydration and 
electrolyte deficiencies (especially hypokalemia and 

hyponatremia). Typically, glucosuria (and volume 
loss through the kidneys) starts to occur in dogs and 
cats when the serum glucose exceeds 180–200 mg/
dL and 260–310 mg/dL, respectively. Hyperglycemia 
has also been linked to other deleterious conse-
quences such as immunosuppression, increased 
inflammation, disruption of normal coagulation, 
and alterations of the endothelium.

Ketone levels

Ketones are produced as a consequence of fat store 
metabolism. While ketosis can occur with other 
disease states such as hepatic lipidosis, starvation, 
or errors of metabolism, the most common situa-
tion in veterinary patients in which measurement of 
ketones is important is in patients suspected or 
known to have diabetes mellitus. Diabetic ketoaci-
dosis (DKA) is a life-threatening complication of 
diabetes mellitus marked by hyperglycemia with 
excessive ketone production and subsequent acido-
sis from the ketones. In DKA, a lack of insulin 
production and/or lack of insulin binding to its 
receptors on cells coupled with an increase in 
counter-regulatory hormones including glucagon, 
epinephrine, glucocorticoids, and growth hormone 
leads to an increase in glucose levels within the 
bloodstream. In addition, free fatty acid (FFA) 
breakdown increases in response to the counter-
regulatory hormones in an attempt to create more 
glucose and provide more energy to the cells. The 
excessive amount of FFAs presented to the cells 
overwhelm their ability to oxidize these FFAs to 
acetyl coenzyme A to enter the TCA cycle and 
undergo aerobic metabolism to ATP. Instead, the 
excess FFAs are oxidized to ketone bodies that are 
released into the circulation.

There are three ketone bodies that are formed 
during this process: acetoacetate, 3-betahydroxy-
butyrate (3-HB), and acetone. Of these, acetoace-
tate is produced first from the oxidation of FFAs; it 
is then reduced in the mitochondria to yield 3-HB. 
Acetone is produced from the decarboxylation of 
acetoacetate. Acetone is produced in the smallest 
quantities and acetoacetate and 3-HB, the two 
major ketone bodies in animals, are normally pre-
sent in equal proportions. However, in animals 
with DKA, 3-HB can be produced in amounts five 
to ten times those of acetoacetate. Once insulin 
therapy is initiated, the levels of 3-HB will decrease 
more rapidly than acetoacetate concentrations.

Table 1.1. Normal reference range for blood glucose 
during the resting state in dogs and cats.

Species Normal reference range (mg/dL)

Canine 80–120
Feline 80–140
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Lactate

There are two isoforms of lactate: l-lactate and 
d-lactate. l-Lactate is the isoform produced by 
mammals and is of the greatest significance in the 
small animal veterinary population. The produc-
tion of excess l-lactate most commonly results 
from anaerobic metabolism secondary to poor 
oxygen delivery to tissues. l-Lactate therefore 
serves as a measurable biomarker for tissue hypoxia 
and hypoperfusion. However, because there is gen-
erally an excess of oxygen in the blood above basic 
tissue requirements, tissues are able to extract more 
oxygen from the blood in early states of hypoperfu-
sion to maintain themselves. Cells will not switch 
to anaerobic metabolism (and produce lactate) 
until this excess oxygen is exhausted. Therefore, the 
appearance of lactate in the blood is considered 
‘late’ versus the occurrence of hypoperfusion.

Normal lactate in adult canines and felines is 
considered to be less than 2.5 mmol/L. Lactate lev-
els in neonates and younger animals have been 
documented to be considerably higher than those in 
adults.  A study showed at the age of 4 days, the 
lactate ranged from 1.07–4.59 mmol/L in puppies, 
and between 10 and 28 days, the range was 0.80–
4.60 mmol/L. This is thought to result from multi-
ple factors including increased availability of lactate 
for use as an energy source for the brain in neonates 
and the small capacity and lack of complete devel-
opment of normal clearance mechanisms at this age.

In normal adult dogs and cats, the breakdown of 
glucose via glycolysis produces pyruvate. In the pres-
ence of oxygen, pyruvate enters the TCA cycle and 
then undergoes oxidative phosphorylation, ultimately 
producing a total of 36 ATP molecules for energy 
utilization by cells. In the absence of oxygen, pyruvate 
is unable to enter the TCA cycle or undergo oxidative 
phosphorylation. As a result, it enters the Cori cycle 
for conversion to lactate. While this cycle prevents 
excessive buildup of pyruvate, it only yields two ATP 
molecules along with two lactate molecules (Fig. 1.1). 
While the liver is able to convert lactate back to pyru-
vate so that this energy reserve is not lost, it can only 
do so once oxygenation and perfusion are restored.

In contrast, d-lactate typically exists in only very 
tiny amounts in the body. It comes from three sources: 
bacteria (primarily in the colon), diet, and production 
in small quantities by the methylglyoxal pathway (an 
offshoot of glycolysis) prior to creation of pyruvate. 
Due to its tiny amounts and sources, d-lactate does 
not provide information about the patient’s tissue 

oxygenation status, and is not measured by routine 
lactate analyzers. However, it can still cause a high-
gap metabolic acidosis (see Chapter 5) if present in 
unusually large quantities, and has been rarely 
reported in small animals secondary to DKA, gastro-
intestinal (GI) disorders, or intoxications.

Typically, the majority of lactate produced by the 
body is cleared by the liver, although small amounts 
are metabolized by the kidneys and skeletal muscle. 
As the amount of lactate increases in the case of 
anaerobic metabolism, the ability of the liver to clear 
it is decreased. In addition, hepatic clearance itself is 
decreased by acidosis, hypoperfusion, and hypoxia.

1.2 How the Monitor Works

Physical examination

Tips for performing a good PE include establishing 
an organized approach, performing the PE in the 
same sequence each time, and always doing as com-
plete a physical exam as the patient’s status allows. 
By working in a methodical and organized fashion, 
such as examining the patient from the head to the 
tail or taking a body systems approach, and making 
every effort to perform the physical exam in the same 
sequence each time, the practitioner decreases the 
risk of missing key findings. It is also important to 
avoid focusing on only the obvious abnormality dur-
ing the exam. As an example, in a patient that has 
been hit by a car that presents with an exposed bone 
associated with an open femoral fracture, it can be 
easy to fixate on the exposed bone and miss the heart 
rate of 200 beats per minute or the pale mucous 
membranes that support the patient is in shock. In a 
case such as this, failing to identify shock could delay 
initiation of lifesaving resuscitative therapy.

While it is important to practice doing physical 
exams in a repetitive sequential manner in an effort 
to prevent missing key findings, there are times when 
rearranging the sequence may be warranted. Such 
times might include situations where the patient’s 
temperament will not allow a full or complete PE 
without chemical restraint or sedation, or emergent 
patients that require initiation of stabilization ther-
apy prior to completing a full or complete physical 
exam. In cases such as this, it is acceptable to rear-
range the sequence and begin stabilization measures 
or obtain appropriate sedation first. However, it is 
critical that once these initial concerns are met, the 
patient does receive a thorough and complete PE 
with evaluation of all body systems.
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The first step in a physical exam should be obser-
vation of the patient prior to making any physical 
contact. This includes noting such things as the 
patient’s level of awareness, respiratory effort, pos-
ture, ability to ambulate, and looking for visible 
evidence of hemorrhage, wounds, and so on.

Next, a good physical exam includes basic vital 
signs: assessment of mentation, temperature, pulse 
(rate, quality), respiration (rate, quality), capillary 
refill time (CRT), and mucous membrane (MM) 
color. See Table 1.2 for normal reference ranges for 
canine and feline vital signs. Interestingly, very few 
of these variables and the currently accepted  

reference ranges associated with them have actually 
been scientifically studied or validated in veterinary 
medicine.

In addition to obtaining the basic vitals, a com-
plete and thorough physical exam includes assess-
ment of all body systems. See Table 1.3 for a list of 
body systems along with elements or techniques 
performed when assessing those systems. It is 
important to realize that the information obtained 
from a physical exam is only a piece of the puzzle; 
it should be considered along with data collected 
from other diagnostic testing as there is often a 
synergy between the two.

Anaerobic metabolism:Aerobic metabolism:
Pyruvate is able to
enter the TCA cycle
and is converted into
large amounts of ATP.

Oxygen

TCA
cycle Cori

cycle

36
ATP

2
ATP

2 Lactate

Oxygen

Pyruvate cannot enter
the TCA cycle and
enters the Cori cycle to
form lactate. Lactate
can be used by the brain
and heart in the short
term for enenrgy, but it is
overall an inefficient
source of cellular
energy.

Glucose

2 Pyruvate

Fig. 1.1. Aerobic versus anaerobic metabolism. Pyruvate in the presence of oxygen is converted to acetyl coenzyme 
A and enters the tricarboxylic (TCA) cycle, resulting in the production of adenosine triphosphate (ATP) for cellular 
energy. Under anaerobic conditions, pyruvate is unable to enter the TCA cycle and instead enters the Cori cycle that 
ultimately produces lactate and minimal ATP for cellular energy.
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Point-of-care blood testing

Packed cell volume/total protein

The PCV and TP is measured from a whole blood 
sample placed into a microhematocrit tube. The PCV 
represents the percent of total blood volume that is 
red blood cells (RBCs) as opposed to plasma. Total 
protein is the measurement of the plasma protein 
concentration in serum or plasma, expressed as g/dL 
(grams per deciliter). The protein is a reflection pri-
marily of albumin and globulins. Besides the RBCs 
and plasma in the microhematocrit tube, there is also 
the presence of a buffy coat that appears between the 
red cells and the plasma after the tubes have been 
spun. The buffy coat contains white blood cells and 
platelets. The PCV/TP is relatively simple to perform 
and requires a minimal amount of fresh or antico-
agulated whole blood, microhematocrit tubes and 
clay, a centrifuge capable of spinning microhemato-
crit tubes, a hematocrit reading card, and a refrac-
tometer. See Figs 1.2 and 1.3 for the equipment 
required to perform a PCV/TP and Table 1.4 for the 
normal reference ranges in dogs and cats.

Once a blood sample is obtained, it can be placed 
in heparinized or non-heparinized hematocrit tubes 
and spun at the recommended speed and for the rec-
ommended duration of time (usually 5 minutes or 
less) as per the manufacturer’s guidelines for the cen-
trifuge being utilized. Upon completion of spinning, 
and prior to reading the PCV and TP, the color of the 

plasma is assessed (see Section 1.3, Interpretation). 
Next, the PCV is determined utilizing the hematocrit 
reading card. If there is the presence of a visible buffy 
coat, the percentage of the buffy coat is also deter-
mined utilizing the hematocrit reading card. In order 
to measure the TP, the hematocrit tube is carefully 
broken at the level of the plasma and cellular sedi-
ment interface. The plasma is then evacuated from the 
tube onto the refractometer. The reading for the TP is 
taken from the scale labeled serum or plasma protein 
on the refractometer.

Blood glucose

The multitude of negative outcomes that can occur 
as a result of unregulated BG levels warrant diligent 
maintenance and monitoring BG. This monitoring 
can be accomplished by the use of handheld, trans-
portable, point-of-care BG monitors. There are mul-
tiple commercially available units ranging from 
portable strip-based glucometers (Fig. 1.4) to car-
tridge-based systems (Fig. 1.5) and sensor card-based 
technology (Fig. 1.6). When using a cartridge-based 
system, the cartridge chosen determines the analytes 
measured. While there is a cartridge specifically to 
measure glucose, glucose values are included with 
other cartridges designed to measure parameters like 
electrolytes and blood gases. Table 1.5 provides a list 
of point-of-care BG monitors.

The methodology utilized by most handheld units 
(including strip-based and cartridge-based systems) 
to measure the glucose is based on a glucose oxidase 
reaction between the test strip or cartridge and the 
glucose in the blood. Glucose oxidase catalyzes an 
oxidation reaction that transforms glucose to glu-
conic acid and hydrogen peroxide. The amount of 
hydrogen peroxide produced is proportional to the 
amount of glucose in the blood. The change in the 
hydrogen peroxide concentration is measured based 
on the production of an electrical current that is 
sensed by an electrode in the glucose meter (this 
methodology is called enzymatic amperometry).

Ketone

Detection and measurement of ketones in urine or 
plasma is accomplished by utilizing reagent strips. 
These commercially available strips come in two 
forms: (i) the multi-stick that contains a test pad for 
ketones in addition to test pads for measurement of 
leukocytes, urobilinogen, pH, specific gravity, biliru-
bin, nitrites, protein, blood, and glucose (Fig. 1.7); and 

Table 1.2. Normal reference ranges for vital parameters 
in dogs and cats.

Vital parameter
Canine  
reference range

Feline  
reference range

Mentation Appropriately 
responsive

Appropriately 
responsive

Temperature 100.0–102.5°F 
(37.38–
39.17ºC)

100.0–102.5°F 
(37.38–
39.17ºC)

Pulse 60–150 beats  
per minute

150–220 beats 
per minute

Respirations 12–24 breaths  
per minute

20–40 breaths 
per minute

Capillary refill  
time

<2 seconds <2 seconds3

Mucous 
membrane  
color

Pink Pink
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(ii) the ‘diastick’ that contains only pads for glucose 
and ketones. Regardless of the exact reagent strip 
used, each test pad is a semi-quantitative test. When 
urine or plasma is placed on the test strip, if acetoac-
etate is present it will react with nitroprusside on the 
pad in an alkaline medium contained on the test pad. 
A positive reaction is indicated by a color change. The 
color change ranges from lavender (minimal ketone 
present) to a dark purple (large amount of ketone 
present). Unfortunately, the nitroprusside sticks do not 

detect 3-HB, the ketone present in greatest quantity in 
veterinary species. It is therefore possible to have false 
negative readings when the animal has ketonemia or 
ketonuria. While it is unlikely that the patient would 
have a negative reading if significant levels of ketones 
are present, the degree of color change may not accu-
rately reflect the magnitude of ketones present.

In some settings, the reagent strips have been 
replaced by the use of point-of-care ketone meters 
(see Fig. 1.8). These meters are handheld, small, 

Table 1.3. List of body systems along with elements and techniques utilized to evaluate each body system.

Body system Examinationa

Integument Visual assessment of skin, being sure to part the hair and evaluate the ventral 
abdominal skin

Cardiovascular Thoracic auscultation (heart sounds)
Heart rate
Rhythm
Pulse quality/pulse rate
Subjective assessment of vascular filling (jugular pulsations, lack of distention of 

vasculature while holding off a vessel)

Respiratory Thoracic auscultation
Audible upper airway sounds
Posture/work of breathing
Respiratory rate
Respiratory pattern

Gastrointestinal Abdominal palpation
Rectal exam

Genitourinary Visual ± palpation with sterile gloves

Musculoskeletal Gait observation
Range of motion and stability of joints, joint effusion
Palpation of long bones

Neurologic Gait observation
Cranial nerves
Peripheral reflexes
Spinal palpation
Assessment of mentation/awareness

Lymph nodes Palpation and comparison of size bilaterally

Eyes Visual survey
Use of light source to evaluate pupillary responses
Assessment of vision

Ears Visual survey
Smell
Use of light source and cone to evaluate the ear canals and tympanic membrane

Oral cavity Visual survey; often requires sedation/anesthesia for complete exam

Mucous membrane assessment Moisture (hydration status)
Color (pallor, cyanosis, icterus, hyperemia)
Capillary refill time (prolonged, normal, brisk)

Body condition score Typically compared to visual scale; may also include assessment of muscle mass

aMore information about the various aspects of the exam are found in the accompanying text in Section 1.4.
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utilize minimal quantities of whole blood, and 
measure the ketone body 3-HB. Specifically, 
whole blood is placed within an electrochemical 
strip. Within that strip, hydroxybutyrate dehy-
drogenase oxidizes the 3-HB to acetoacetate 
while simultaneously reducing NAD+ to NADH. 
The meter will then re-oxidize the NADH to 
NAD+, generating a current detected and meas-
ured by the meter. The amount of current is 
directly proportional to the amount of NADH 
created (and hence the amount of 3-HB) in the 
blood sample. When operated properly, these 
units produce accurate results in a very short 
period of time and can be used serially to monitor 
response to therapy. Table 1.5 lists the various 
point-of-care meters available and indicates those 
that can also measure ketones. Normal ketone 
levels in heathy patients are reported as 
<0.32 mmol/L in dogs and 0.11 mmol/L in cats.

Lactate

The methodology utilized by most point-of-care 
testing units to measure l-lactate is enzymatic 
amperometry. Hydrogen peroxide produced by a 
reaction between l-lactate and lactate oxidase is 

oxidized and generates an electrical current that is 
proportional to the concentration of l-lactate in 
the sample. This method is utilized by all the hand-
held point-of-care units and by most blood gas 
analyzers to measure l-lactate.

Most commercially available units found in vet-
erinary medicine are handheld. They are small, 
generally cost-effective, require very small amounts 
of blood, and require minimal maintenance or cali-
bration. Most units use test strips or cartridges and 
the time to results is reliable and quick, usually 
seconds to minutes. For example, the i-STAT 
(Abbott Point-of-Care, Abbott Laboratories, 
Abbott Park, Illinois, USA; see Fig. 1.5) handheld 
instrument has a cartridge for measuring lactate. 
Figure 1.9 shows the Lactate Plus (Nova Biomedical, 
Waltham, Massachusetts, USA) that uses test strips. 
Table 1.6 provides a list of commercially available 
lactate meters.

1.3 Indications

Physical exam

The importance of the physical exam cannot be 
understated and it is an integral first step in 
evaluating ALL patients. A staged physical exam 

Fig. 1.2. Heparinized and non-heparinized microhematocrit tubes are demonstrated along with the clay used to seal 
one end of the tube and an example of the hematocrit reading card.
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(e.g. focusing on assessment of the respiratory 
system in a respiratory distress patient while pro-
viding oxygen, reducing handling/mobility in a 
possible spinal fracture patient) should be consid-
ered depending on history and initial survey 
findings.

Point-of-care blood testing

Point-of-care testing is defined as testing at or 
near the site of the patient. It allows for efficient 
information collection about a patient’s clinical 
status in order to make rapid therapeutic deci-

sions. Advantages associated with POCT include 
short turnaround time with rapid availability of 
patient data and a reduction in pre- and post-
analytic errors due to rapidity of sampling and 
analysis. Since POCT instrumentation is generally 

(A) (B)

Fig. 1.3. Hematocrit tube centrifuge (A) and refractometer (B).

Table 1.4. Normal reference ranges for packed cell vol-
ume (PCV) and total protein (TP) for canines and felines.

Species Normal PCV (%) Normal TP (g/dL)

Canine 35–55 6.0–8.3

Feline 30–45 5.0–8.0
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self-contained, user friendly, easily transportable, 
and requires a relatively small volume of blood for 
multiple tests to be performed, it lends itself well 
to the emergent evaluation process. Some disad-
vantages of POCT include concerns regarding 
accuracy of results, quality control of the devices, 
and difficulty integrating patient data into the 
patient’s medical record since these units are often 
self-contained and not networked into the elec-
tronic medical record. Over the years, POCT has 
advanced tremendously such that some of these 
concerns have been alleviated.

There are various instruments available to per-
form various types of testing but, as with every 
diagnostic test, any results from POCT should be 
interpreted in the context of the patient and its 
physical exam. In emergent patients, assessments of 
PCV/TP, BG ± lactate, and often some form of stat 
venous blood gas/electrolyte panel are commonly 
performed as part of data collection during initial 
stabilization.

1.4 Interpretation of Findings

Physical exam

Mentation

Changes in mental status can provide key infor-
mation when assessing a patient. Determining if 
the patient is alert, responsive, aware, and appro-
priately engaged versus if the patient is nonre-
sponsive, stuporous, obtunded, or comatose is 
often key when making initial recommendations 
for the need for immediate therapy. If there are 
changes in  mentation, it is important to establish 
if the altered mental status is a result of primary 
neurologic disease versus being secondary to an 
‘extracranial’ cause such as a toxin or poor perfu-
sion from shock. If there is concern that the men-
tation changes are secondary, the focus should be 
identification and interventions to improve the 
underlying cause prior to reassessing the patient’s 
mentation.

Fig. 1.4. The AlphaTRAK® 2 (Zoetis, Parsippany, New 
Jersey, USA) is a point-of-care glucometer developed 
specifically for veterinary species. It measures blood 
glucose in a whole blood sample where glucose 
is found both in the plasma and attached to the 
membrane of red blood cells. Because the distribution 
of glucose in these locations differs between species, 
the advantage of the AlphaTRAK® is that it is 
programmed with the normal distribution of glucose 
for both cats and dogs. Using a human glucometer will 
underestimate the blood glucose level because the 
distribution of glucose in humans is different.

Fig. 1.5. The i-STAT (Abbott Laboratories, Abbott 
Park, Illinois, USA) handheld cartridge-based point-
of-care instrument. Two of the available cartridges 
available for this system are pictured. Both of these 
cartridges include blood glucose readings.
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Alterations in mentation can be associated with or 
secondary to a wide variety of disease processes out-
side of the neurologic system including shock, 
trauma, infectious diseases, inflammatory diseases, 
electrolyte alterations, hypoglycemia, and many 

other causes. It is always valuable information to see 
if therapy improves mentation or not. For example, 
hypovolemic animals will have dull mentation as a 
result of decreased delivery of oxygen to the brain. If 
the patient is resuscitated appropriately, the mental 
status and responsiveness of the patient will improve. 
If the patient is not resuscitated and perfusion to the 
brain is not restored, the mental dullness could pro-
gress to stupor, obtundation, coma, and even death.

Temperature

Monitoring body temperature has been a foundation 
for assessing a patient’s clinical status since the 
1800s, and continues to be an important element of 
the PE. Monitoring body temperature in veterinary 
patients is usually done rectally; a rectal temperature 
is considered representative of the core body tem-
perature. Multiple studies have investigated the accu-
racy of rectal temperature monitoring compared to 
the gold standard of core body temperature measure-
ment: pulmonary artery thermometry. There is a 
strong correlation between rectal and pulmonary 
artery thermometry supporting the use of a rectal 
temperature to obtain a core body temperature.

See Table 1.2 for the normal rectal temperature 
of feline and canine species. Other forms of tem-
perature monitoring (axillary, aural) are less accu-
rate. In cats 22% of axillary temperatures and 
49% of aural temperatures differed by more than 
±0.9°F (±0.5°C) from rectal temperatures. In dogs, 
98% of axillary temperatures and 56% of auricu-
lar temperatures differed from rectal temperatures 
by more than ±0.9°F (±0.5°C). While these meth-
ods may seem attractive in recalcitrant patients, 

Fig. 1.6. The Nova Prime Plus Vet (Nova Biomedical, 
Waltham, Massachusetts, USA) unit. This is a sensor 
card-based instrument that can measure a variety of 
blood parameters including blood glucose.

Table 1.5. Commercially available point-of-care blood glucose and ketone meters.

Analyzer
BG/
Ket Range

Time to 
results 

(seconds)

Sample 
volume 

(μL) Sample type
Strip/cartridge/
sensor card

Nova Vet Metera BG 20–600 mg/dL 4 0.4 Whole blood Strip
Ket 0.1–8 mmol/L 10 0.8 Whole blood Strip

Precision Xtrab BG 20–500 mg/dL 5 0.7 Whole blood Strip
Ket 0.1–8 mmol/L 10 0.7 Whole blood Strip

i-STATtb BG 20–700 mg/dL 120 65–95 Whole blood Cartridge

Nova Prime Plus Veta BG 15–500 mg/dL 60 135 Whole blood Sensor card

AlphaTRAK® 2c BG 20–750 mg/dL 5 0.3 Whole blood Strip

aNova Biomedical, Waltham, Massachusetts, USA; bAbbott Point of Care, Abbott Laboratories, Abbott Park, Illinois, USA; cZoetis, 
Parsippany, New Jersey, USA.
BG, blood glucose; Ket, ketones.
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practitioners should be cautious in making clinical 
decisions based on these methods.

Obtaining a rectal temperature and determining 
if a patient is hypothermic or has a body tempera-
ture above normal can provide information related 
to a patient’s clinical status, alert a clinician to 
changes in the animal’s condition, and may lead to 
adjustments in the therapeutic plan. As an example: 
hypothermic patients could be so as a result of 
environmental exposure or as a result of shock, 
anesthesia, heart failure, or any other condition 
that might result in decreased cardiac output.

When an animal’s body temperature is increased, 
the first decision point is to determine if the elevated 
temperature is due to hyperthermia (exogenous warming)  

or fever (increased body temperature as a result of 
alteration in the set point of the thermoregulatory 
center in the hypothalamus). Causes of true hyper-
thermia are usually associated with environmental 
changes leading to an inability to dissipate heat 
appropriately (e.g. being locked in a hot vehicle) or 
muscular activity such as in exercise or during gen-
eralized seizures. Hyperthermia commonly occurs in 
obese animals or those with airway disease such as 
laryngeal paralysis that cannot effectively pant and 
lose heat via evaporation. In contrast, fever can be a 
symptom of a wide variety of diseases whether infec-
tious, inflammatory, immune-mediated, or neoplastic, 
and is not typically accompanied by any difficulties 
in dissipating heat.

Ketone pad

Glucose pad

Fig. 1.7. A reagent strip test demonstrating the test pad for ketones and glucose among the other items for which the 
strip can test.
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Heart rate/rhythm/pulse pressure

Heart rate, rhythm, and pulse quality can be evaluated 
via thoracic auscultation and palpation of the periph-
eral pulses simultaneously. During auscultation, heart 
sounds (murmurs, gallops, dull heart sounds) can be 
characterized as well as heart rate (i.e. beats per min-
ute). It is important to simultaneously palpate the 
peripheral pulses during auscultation to allow further 
evaluation of the heart rate, heart rhythm, and pulse 
strength or intensity (i.e. pulse pressure). Arrhythmias 
are identified by palpable pulse deficits (absence of  
a peripheral pulse that coincides with auscultation of a 
heartbeat) or other abnormalities in rate or rhythm, 
especially compared to the audible heart rate/rhythm. 
Arrhythmias that are identified during this process 
should be further evaluated via electrocardiogram 
(ECG; see Chapter 3) to determine if anti-arrhythmic 
interventions are warranted.

During this process, the pulse pressure is assessed. 
Pulse pressure is the difference between systolic and 
diastolic arterial pressures and is responsible for the 
intensity of the palpated peripheral pulse. The pulse 
pressure is determined by stroke volume and aortic 
compliance (i.e. how stretchy the aorta is and how 
much it dilates in response to blood flow). Things to 
determine are if the strength of the pulse is normal, 
or if it is bounding, weak, thready, or absent. 
Typically, weak, thready, or absent pulses raise con-
cern for hypovolemia or poor blood delivery to the 
site being palpated. Bounding/excessive pulse quality 
is most commonly caused by a decreased diastolic 
pressure and is associated with early vasodilatory 
states (e.g. systemic inflammation), severe anemia, or 
vascular anomalies such as patent ductus arteriosus.

Assessing the patient’s cardiovascular status will 
help to determine that animal’s stability. It is 
important to understand that some abnormalities 
such as extremes of heart rate (very fast or very 
slow) as well as poor to absent pulses warrant 
immediate therapy which could be lifesaving. 
Monitoring the patient’s cardiovascular status via 
serial or sequential auscultation of the heart and 
palpation of pulses provides the opportunity to 
identify changes or trends that require adjustments 
to the patient’s therapeutic protocol.

Respiratory rate/character

Thoracic auscultation allows for evaluation of lung 
sounds, respiratory rate, and effort. Reasons for 
alterations in a patient’s respiratory parameters are 

Fig. 1.8. An example of a commercially available 
ketone meter with test strip in place.

Fig. 1.9. Lactate Plus (Nova Biomedical, Waltham, 
Massachusetts, USA) monitor showing a test strip in 
place and ready for application of sample.
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often multifactorial and can involve one or more 
than one of the following: upper airway disease, 
pulmonary parenchymal disease, pleural space dis-
ease, thoracic wall injury, primary cardiovascular 
disease, pain, stress, or anemia. The respiratory rate 
is normally counted as breaths per minute (see 
Table 1.2 for normal rates in dogs and cats).

Assessing the quality of the respirations is also 
important and has the potential to provide informa-
tion to help localize the problem to a specific location 
along the respiratory tract. Hearing crackles, wheezes, 
or rales (abnormal clicking, bubbling, or rattling 
sounds) within the lungs can be indicative of primary 
pulmonary parenchymal disease. Significant inspira-
tory stridor (sound produced as a result of disruption 
of airflow) in a patient could be indicative of laryn-
geal paralysis, upper airway obstruction as a result of 
a polyp or mass, or collapsing trachea to name a few 
examples. The presence of decreased lung sounds 
during auscultation might lead one to be concerned 
about the presence of pleural effusion or pneumotho-
rax. In cases with severe respiratory distress, decreased 
lung sounds are an indication for immediate thoraco-
centesis to relieve the distress. If fluid is obtained and 
analyzed from thoracocentesis, it can be both a diag-
nostic and therapeutic intervention.

Capillary refill time

CRT is tested when a mucosal surface (usually the 
oral mucosa) is pressed until the color leaves and 
the tissue bed blanches. The time that it takes for 
the color (and therefore blood) to return to that 
tissue bed is called the CRT. It is generally consid-
ered to be prolonged when it takes >2 seconds for 

return of color. Reasons for prolongation include, 
but are not limited to, shock, dehydration, vaso-
constriction, severe vasodilation, hypothermia, or 
any other condition that compromises circulation 
or delivery of blood to tissues or leads to poor 
vascular tone. CRTs can also be rapid (i.e. less 
than 1 second). This is most commonly seen in 
situations with supra-normal vascular tone such 
as compensatory shock (i.e. the smooth muscle 
in the vasculature is very taut allowing rapid 
return of blood to the tissue bed).

What actually constitutes a normal or abnormal 
CRT is a subject of debate. CRT in humans was first 
promoted in 1947 by Beecher as a way to assess a 
patient in shock. Initially, published parameters were 
considered ‘normal’ (no signs of shock), ‘definite 
slowing’ (slight to moderate shock), and ‘very slug-
gish’ (‘severe’ shock). In 1980, Champion and col-
leagues incorporated these ranges into the human 
‘Trauma Score’ and in so doing set the normal CRT 
as less than 2 seconds despite a lack of scientific data 
to support this as being normal. Subsequently, stud-
ies related to CRT have determined that CRT actu-
ally varies with age and temperature (Schriger and 
Baraff, 1988) and that further research is needed to 
establish the true validity and usefulness of the CRT 
as an accurate measure of circulatory status.

To date no studies evaluating CRT and its use as a 
predictor of perfusion or circulatory status in veteri-
nary medicine have been identified, and normal has 
continued to be the initially proposed <2 seconds. As 
such, the importance of the CRT is somewhat unclear. 
The authors propose that it is most important to seri-
ally examine the CRT and note changes rather than 
the actual documented CRT. Also, evaluating the CRT 

Table 1.6. Commercially available lactate meters.

Lactate analyzer Mobility
Range 

(mmol/L)
Time to result 

(seconds)
Sample 

volume (μL)
Sample 
type

Strip/cartridge/
sensor card

Stat Strip Lactate 
Connectivitya

Handheld 0.3–20 13 0.6 Whole 
blood

Strip

Lactate Scout 4a Handheld 0.5–25 10 0.5 Whole 
blood

Strip

Lactate Plusa Handheld 0.3–25 13 0.7 Whole 
blood

Strip

i-STATb Handheld 0.3–20 120 95 Whole 
blood

Cartridge

Nova Prime Plus 
Veta

Transportable 0.4–20 60 130–135 Whole 
blood

Sensor card

aNova Biomedical, Waltham, Massachusetts, USA; bAbbott Point of Care, Abbott Laboratories, Abbott Park, Illinois, USA.
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in the context of the remainder of the PE is more 
important than evaluating it on its own.

Mucous membrane color

Mucous membrane color is normally pink. Changes 
in MM color can be influenced by changes in tissue 
perfusion, vasomotor tone (venoconstriction or 
dilation), or the presence of deoxygenated hemo-
globin or other pigments such as bilirubin (see Fig. 
1.10). While assessing the color, it is important to 
be aware that the ability to assess the MM color is 
affected by gingival pigmentation, ambient lighting, 
and visual acuity, making assessment of MM color 
variable between operators.

Pale mucous membranes generally indicate vaso-
constriction or anemia, both of which can have a 
variety of causes. Assessment for causes of shock 
based on other physical exam findings and measure-
ment of PCV/TP should be prompted when pale MM 
are found. Determination of body temperature and 
glucose levels are also indicated as pallor also occurs 
in hypoglycemia and hypothermia. Yellow (icteric, 
jaundiced) MM may indicate pre-hepatic (hemolysis), 

hepatic, or post-hepatic ( biliary tree) abnormalities. 
Hyperemic/injected mucous membranes (also referred 
to as ‘brick red’) can occur in some patients as a result 
of septic conditions or endotoxemia, which cause 
vasodilation. The bright red color is caused by the 
presence of blood pooling in the dilated capillaries in 
the gingiva. Mucous membranes can also have a blu-
ish color (i.e. cyanotic); this occurs as a result of the 
presence of excessive deoxygenated blood (see 
Chapter 4 for more information).

Point-of-care blood testing

Packed cell volume/total protein

Table 1.7 summarizes the information collected 
from evaluating the PCV/TP.

A decreased PCV could indicate anemia as a 
result of loss, destruction or lack of production of 
RBCs. An increased PCV could result from poly-
cythemia or dehydration.

The presence of an increased TP is not pathogno-
monic for any particular disease process but could 
be indicative of such disorders as dehydration, 
inflammation, or even neoplasia. A decreased TP 

(A)

(D) (E)

(B) (C)

Fig. 1.10. A variety of appearances of mucous membranes color. (A) Normal mucous membrane color (pink); (B) pale 
mucous membrane color; (C) Icteric mucous membranes; (D) Brick red mucous membranes; (E) Cyanotic mucous 
membranes.
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could be indicative of inappropriate loss of protein 
(e.g. protein-losing nephropathy or protein-losing 
enteropathy), lack of production of protein (as 
with severe liver disease), iatrogenic dilution if fol-
lowing fluid therapy, or temporary downregulation 
of protein production as seen during inflammatory 
conditions (e.g. albumin is a negative acute phase 
protein and is not produced in normal quantities 
during severe systemic inflammatory conditions).

When measuring PCV/TP, it is important that 
both values are assessed and the information inter-
preted in concert with results of other data col-
lected, and the clinical status of the patient. In 
situations where the patient has experienced acute 
whole blood loss resulting in hypovolemia, the 
PCV and TP would be expected to be decreased 
proportionally to one another. However, it should 
be remembered that the compensatory mechanisms 
for blood loss can also influence the values obtained 
when assessing PCV and TP.

In hypovolemic animals who have bleeding as a 
cause for their hypovolemia, compensation for low 
blood volume involves sympathetic nervous system 
stimulation and the release of catecholamines. 
Vascular contraction occurs in response to catecho-
lamines, as does splenic contraction (primarily in 
dogs). Splenic contraction leads to release of RBCs 
without the proportionate release of protein. This 
can result in a measured PCV that is disproportion-
ately increased compared to the TP of the blood. 
Thus, dogs with acute blood loss will often present 
with a ‘normal’ PCV (maintained by splenic con-
traction) but a low TP. If a clinician does not pay 
attention to this situation, ongoing blood loss can 
be overlooked especially during resuscitation from 
hypovolemia. It is important to monitor trends in 
the PCV and TP over time, especially when there 

has been blood loss and blood loss may be continu-
ing (e.g. trauma cases).

For patients with ‘non-blood loss’ hypovolemia, 
who have largely lost fluid alone, hemoconcentra-
tion characterized by an elevated PCV/TP would be 
expected. In this situation, the number of RBCs in 
circulation remains the same but the plasma fluid 
content is decreased due to fluid loss from vomit-
ing, diarrhea, effusing into cavities (e.g. pleural or 
abdominal effusions), or polyuria. However, if the 
fluid lost has a high protein content (septic abdom-
inal effusions, hemorrhagic gastroenteritis), then 
the PCV may be elevated without a proportional 
increase in TP.

When conditions such as immune-mediated hemo-
lytic anemia or primary bone marrow disease occur, 
both of these situations reduce red blood cell mass 
without a decrease in body fluid volume. Under these 
circumstances the PCV would be expected to be 
decreased while the TP would likely be normal.

In hypervolemic situations as seen with conges-
tive heart failure or iatrogenic fluid overload, the 
PCV and TP can be proportionately decreased as a 
result of a dilutional effect. In this situation, more 
fluid in the blood vessels decreases the concentra-
tion of RBCs and TP equally. However, depending 
on the cause of the hypervolemia, this may not 
always be the case. For example, animals with liver 
failure often retain fluid but have disproportion-
ately low TP due to lack of protein production by 
the failing liver. Or animals might display more 
severe decrease in their PCV versus the TP if they 
are anemic in addition to hypervolemic. Again, 
monitoring trends and taking the entire clinical 
picture of the animal into account is important 
when both interpreting the PCV/TP and evaluating 
changes in the animal’s condition.

Table 1.7. Information collected when running a packed cell volume/total protein (PCV/TP).

PCV Percentage of whole blood sample that is red blood cells
Typically measured with hematocrit reading card

Buffy coat Percentage of whole blood sample that is buffy coat (platelets and white blood cells)
Measured with hematocrit reading card

Color of 
plasma

Color Interpretation of color
Clear to straw Normal
Yellow Bilirubinemia
Red Hemolysis (pathologic or iatrogenic)
White Lipemia

Total protein Protein concentration in the plasma
Measure with refractometer



16 P.A. Johnson

Blood glucose

A variety of diseases and situations can lead to 
hypoglycemia and hyperglycemia. See Table 1.8 for 
the most common causes of each condition as well 
as associated clinical signs.

Anorexia is unlikely to be a cause of hypoglyce-
mia in an adult animal unless they are severely 
cachectic, so hypoglycemia should prompt further 
investigation beyond mild-to-moderate anorexia. 
In contrast, in juveniles, especially toy breeds, 
poorly developed liver function can cause these 
patients to become hypoglycemic within hours of 
decreased food intake.

Animals that initially present with normal BG 
can become hypoglycemic quickly in the face of 
progressive disease. Serial monitoring of BG in 
patients with underlying conditions such as sepsis 
or hepatic failure is therefore recommended, and 
rechecking BG in any patient who has had an acute 
change in hemodynamic or neurological status that 
cannot be easily explained by other causes is 
warranted.

Ketones

As indicated previously, the presence of ketones is 
most important in diabetic animals in whom there 
is concern for DKA. Early identification and thera-
peutic intervention in cases of DKA increases the 

chances for a positive outcome and provides infor-
mation to the owner as to the degree of interven-
tion and cost their pet may require. Therefore, 
having the capability to identify the presence of 
ketones is critical to success not only to make an 
early diagnosis, but also to make repeated assess-
ments to monitor response to therapy.

Diabetic patients with low to trace ketones, no 
acidosis, and who are still eating and drinking can 
often be managed as outpatients with adjustments 
to insulin and treatment of underlying disease con-
ditions (e.g. urinary tract infection, pancreatitis) 
that may have led to the development of ketosis. 
Patients with significant ketone levels causing aci-
dosis often require more extensive supportive care 
that is best provided in a hospital environment.

Healthy dogs generally have 3-HB levels 
<0.32  mmol/L. A 3-HB level cutoff above 
3.8  mmol/L has been suggested by Duarte et al. 
(2002) as having the best predictive value for diag-
nosis of DKA in dogs. In cats, a normal reference 
limit of <0.11 mmol/L has been reported, with all 
cats with DKA in a study by Weingart (2012) hav-
ing 3-HB concentrations >3.8  mmol/L. However, 
cats with other disease processes such as hepatic 
lipidosis can also have elevated ketone levels, 
which have been reported to be as high as 2.78 in 
one study by Gorman et al. (2016). Therefore, 
while severe elevations in ketones are almost 
always associated with DKA, mild-to-moderate 

Table 1.8. Clinical signs and causes of hypoglycemia and hyperglycemia.

Hypoglycemia Hyperglycemia

Clinical signs Abnormal behavior
Mental dullness
Weakness
Hypersalivation
Tremors
Seizures
Death

Increased thirst
Increased urination
Weight loss
Polyphagia
Dehydration
Alterations in mental status
Coma

Common underlying causes Sepsis
Juvenile and toy breeds
Insulinoma
Paraneoplastic
Hypoadrenocorticism
Insulin overdose
Toxins: (Xylitol, ethylene glycol )
Hepatic insufficiency
Spurious (sample storage)
Severe starvation
Glycogen storage diseases

Diabetes mellitus
Pheochromocytoma
Hyperadrenocorticism
Iatrogenic dextrose administration
Administration of dextrose containing  

fluids
Drugs: glucocorticoids
Parenteral nutrition
Stress hyperglycemia/excessive 

catecholamines
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elevations may be associated with other concurrent 
comorbidities such as lipidosis and interpreted 
accordingly.

Lactate

Lactic acidosis is an increase in blood lactate that 
results in an acidemia. Hyperlactatemia is classi-
fied as type A or type B. Type A hyperlactatemia 
occurs as a consequence of decreased delivery of 
oxygen to tissues. Type B hyperlactatemia is 
divided into three categories related to the cause. 
See Table 1.9 for classifications of hyperlac-
tatemia and their causes.

The use of lactate clinically as an indicator of 
severity of disease and response to therapy has 
been evaluated. Its use as an adjunct diagnostic 
indicator when assessing cavitary effusions has also 
been investigated. Table 1.10 lists a variety of dis-
ease entities where lactate has been evaluated as a 
biomarker for severity of disease or prognosis and 

includes recommendations as to how to use lactate 
for monitoring. Key points to remember when 
including lactate as a diagnostic tool are: (i) a single 
isolated reading is of little diagnostic or prognostic 
value; (ii) serial values or trends should be moni-
tored; and (iii) lactate values are only one piece of 
the global picture and should be reviewed in com-
bination with other diagnostic results and physical 
exam findings.

1.5 Pitfalls of the Point-of-care Meters

Blood glucose

As simple as the use of point-of-care glucose 
meters is, there are some pitfalls to be aware of 
with this instrumentation. It is important to  
ensure the instrument as well as any necessary 
disposables are stored and handled properly. 
Make sure all strips and cartridges are in date 
and strips are kept in a sealed container. Proper 

Table 1.9. The classifications of lactic acidosis and potential causes of each.

Classification Pathophysiology Disease examples

Type A Systemic hypoperfusion Shock
Sepsis
SIRS

Local hypoperfusion Arterial thromboembolism
Burns
Organ torsion

Impaired hemoglobin carrying capacity for oxygen Carboxyhemoglobinemia
Methemoglobinemia

Severe anemia Hemoglobin <5 g/dL (PCV <15%)

Severe hypoxemia PaO2 <30 mmHg

Increased oxygen demand Exercise
Seizures
Shivering
Trembling/tremors

Type B1 Diseases associated with decreased lactate clearance Severe liver failure
Neoplasia
Sepsis
Diabetes mellitus
Thiamine deficiency
Kidney Injury

Type B2 Drugs and toxins that impair oxidative phosphorylation Propylene glycol
Prednisone

Type B3 Metabolic defects leading to abnormal mitochondrial function Insufficient pyruvate 
hydrogenase

Mitochondrial myopathies

SIRS, systemic inflammatory response syndrome; PCV, packed cell volume; PaO2, arterial partial pressure of oxygen.
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sample handling is also crucial; collection of sam-
ples in the proper tube and in an appropriate 
volume is important for valid results. Since glu-
cose is labile, it is important to assess BG imme-
diately after blood collection. Allowing blood 
samples to sit prior to testing without separating 
the red cells from the plasma will result in falsely 
decreased glucose readings as the RBCs continue 
to metabolize glucose present in the sample.

There is inherent error in the manufacturing and 
accuracy from glucose strip to glucose strip within 
a manufactured lot and even from manufactured 
lot to lot. However, strips are theoretically required 
to be within ±15 mg/dL of each other for BG readings 

below 100  mg/dL and ±15% of each other for 
readings above 100  mg/dL. Also, glucose meters 
need to be used at normal room temperatures. If 
used at temperature extremes, changes in the speed 
of red blood cell metabolism and alterations of 
enzymatic reactions can cause artificially high or 
low glucose measurements. Ideally, cellular phones 
are kept at least 50 m away from glucose meters as 
the electromagnetic radiation has been shown to 
change glucose measurements by up to 10 mg/dL.

In addition, patient factors such as red blood cell 
concentration, acid–base status, and oxygenation 
level can alter BG readings. Acid–base abnormali-
ties will alter the distribution of glucose between 

Table 1.10. Diseases where lactate has been reported as a biomarker for either severity of disease or prognosis. 
Recommendations and points to consider regarding its use for each disease are also included.

Disease entity Points to consider

Shock and resuscitation Serial measurements useful to guide resuscitation and predict mortality in 
critically ill patients

Useful to gage efficacy of fluid therapy, cardiovascular supportive 
measures, and blood administration

Use with caution when treating later stages of sepsis as elevation in 
lactate can result from adaptive responses and not poor perfusion

Septic peritonitis Failure to normalize within 6 hours of admission associated with 
nonsurvival

Babesiosis Lactate concentration higher than 2.5 mmol/L at 8, 16, and 24 hours 
following admission associated with higher mortality

Increase in lactate or failure to decrease by more than 50% within 8–16 
hours associated with higher mortality

Immune-mediated hemolytic anemia Initial lactate not associated with outcome
Persistently increased lactate within 6 hours of admission despite therapy 

associated with increased mortality

Gastric dilation and volvulus Decreased lactate following fluid resuscitation and decompression good 
predictor of survival

Traumatic brain injury Serial lactate measurements to guide resuscitation may be helpful

Cavitary effusions Peritoneal fluid
A blood to effusion lactate difference of >2.5 mmol/L can help 

differentiate septic effusions from other types
Lactate concentration in effusion used in conjunction with cytology can 

help differentiate neoplastic and septic effusions from other types

Pericardial fluid
Lactate not useful to differentiate neoplastic from non-neoplastic 

effusions

Synovial fluid
Septic effusions had higher synovial fluid lactate concentrations than 

blood lactate levels
Use of synovial fluid lactate in conjunction with cytology could be useful 

diagnosis or increasing suspicion of septic arthritis
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plasma and RBCs, thus rendering the pre-programmed 
calibration in units like the AlphaTRAK (Zoetis, 
Parsippany, New Jersey, United States) incorrect. 
Point-of-care units measure BG in whole blood 
rather than plasma, so hemoconcentration will 
allow less non-RBC–bound glucose interaction 
with the sensors in the test strip, artifactually low-
ering BG. Anemia will have the opposite effect, 
artifactually raising BG due to less RBCs to bind it. 
Oxygen supplementation can interfere with glu-
cose oxidase in the test strips, taking electrons 
from the enzyme and decreasing the ability of the 
enzyme to convert glucose to gluconic acid and 
hydrogen peroxide. Therefore, high levels of oxy-
gen in the blood (as might be seen under general 
anesthesia) can falsely lower the BG reading.

Certain drugs can also interfere with BG 
assessment when glucose is measured on point-
of-care units. Ascorbic acid, acetaminophen, 
dopamine, and mannitol can all interfere with 
BG readings by affecting glucose oxidase’s con-
version of glucose or by being broken down by 
the glucose oxidase and therefore being mis-
interpreted as glucose. Thus, drug therapy can 
falsely increase or decreased BG readings depend-
ing on the situation. If patients are receiving 
these drugs, it is better to verify any glucose 
reading obtained from a point-of-care instru-
ment against a glucose result done on a standard 
laboratory analyzer.

Ketones

When dealing with ketone strips, the same con-
cerns for manufacturing and storage as indicated 
above for glucose strips are true. There is much 
less research into this area versus glucose strips, 
however. Hematocrit changes can also alter 
ketone results. Low hematocrits can falsely 
increase ketone levels; some meters have propri-
etary built-in corrections for hematocrit levels, 
but to the author’s knowledge these have not 
been validated in veterinary species. Ketone test-
ing is similar to glucose testing in that substances 
such as vitamin C can interfere with the enzy-
matic conversion of ketones to nitroprusside 
because it alters the alkaline environment needed 
for that conversion. The degree of change of 
ketones in response to vitamin C is still under 
investigation in humans. Vitamin C is likely not 
important in most animal patients.

As previously discussed, when using colorimet-
ric reagent urine ketone test pads with either urine 
or serum, they do not detect 3-HB. This can lead 
to a decreased estimation of severity or even 
potentially a false negative reading in a patient 
with ketosis.

Lactate

The most common situations affecting lactate 
levels are not related to the lactate meter itself, 
but rather to pre-analytical variables. The first 
obstacle is that there is no standardization 
between lactate values meaning that lactate 
meters cannot be compared to a single standard 
reference and as such cannot be compared to each 
other. Also, delays in testing lactate will falsely 
increase the lactate level because red blood cell 
metabolism in the sample will continue to increase 
lactate levels.

The other large consideration with lactate testing 
is how sample collection can impact the lactate 
levels. Specifically, lactate levels can be falsely 
increased when obtaining the blood sample. This 
occurs when a blood vessel is held off for long 
periods, or, in the case with animals, there is signifi-
cant restraint required to obtain the sample. In the 
former example, holding off blood flow from an 
area can decrease oxygen delivery to those local 
tissues, leading to anaerobic metabolism and lac-
tate production. Similarly, more significant restraint 
can either lead to increased lactate production from 
a similar effect or possibly secondary to increased 
muscle activity related to the restraint. Sampling 
from an ischemic limb (e.g. in a cat with an aortic 
thromboembolism affecting blood flow to its rear 
legs) can falsely increase lactate levels due to the 
anaerobic metabolism naturally taking place in 
ischemic tissue that lacks blood flow. This ‘artifact’ 
is sometimes used diagnostically; if lactate in one 
limb is significantly higher than peripheral blood, it 
would raise concern for decreased regional perfu-
sion to that limb (e.g. possible thrombosis).

Whole blood samples have a lower lactate level 
than plasma samples. This is because the RBCs 
will sequester some of the circulating lactate, thus 
falsely lowering the lactate levels. Similarly, lac-
tate levels in venous blood will naturally be higher 
than levels in arterial blood due to diffusion of 
lactate from metabolizing cells into the venous 
blood.
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1.6 Case Studies

Case study 1: Diabetic ketoacidosis 

Jazzy, a 10-year-old female spayed Cocker Spaniel 
presented to the emergency service with a 2-week 
history of increased drinking and urination along 
with a decreased appetite. In the week just prior to 
presentation, she began having intermittent epi-
sodes of vomiting that increased in frequency 
leading up to presentation. On the day of presen-
tation she was noted to be very lethargic and 

depressed and she urinated where she was lying in 
the house. Jazzy had previously been a healthy 
dog with the exception of obesity and ear 
infections.

At presentation Jazzy was able to stand and walk 
but was very lethargic. Although she seemed dull 
she was appropriately responsive. Her temperature 
was 99.5°F (37.5°C), heart rate 120 beats per min-
ute, respiratory rate 30 breaths per minute, CRT >2 
seconds, and MM color pink. See Box 1.1 for the 
remaining results of the PE for Jazzy.

Box 1.1. Jazzy: Physical exam by body system. 

●● Integument: increased skin tent
●● Cardiovascular:

●# Thoracic auscultation: grade II/VI left sided systolic murmur
●# Rate: within normal limits
●# Rhythm: within normal limits
●# Pulse quality/pulse pressure: strong and synchronous pulses, normal quality

●● Respiratory:
●# Thoracic auscultation: normal lung sounds
●# Rate: 30 breaths per minute
●# Pattern: eupneic breathing pattern, no increased effort noted

●● Gastrointestinal:
●# Abdominal palpation: mild pain elicited upon palpation of the cranial and mid abdomen
●# Rectal exam: within normal limits, normal stool present

●● Genitourinary: within normal limits
●● Musculoskeletal:

●# Ambulation: normal (reluctant to move)
●# Range of motion: within normal limits

●● Neurologic:
●# Cranial nerves: within normal limits
●# Reflexes: within normal limits

●● Lymph nodes: submandibular lymph nodes slightly enlarged, all other peripheral lymph nodes within normal limits
●● Eyes: within normal limits
●● Ears: moderate amount of brown exudate present in both ears
●● Oral cavity: moderate dental tartar present
●● Body Condition Score (scale 1–9): 8.0/9.0

Blood and urine samples were obtained for both 
point-of-care and laboratory testing. Point-of-care 
tests completed included: PCV = 40%, TS = 9.6 g/
dL (serum slightly yellow). BG was 624 g/dL and 
the urine dipstick was negative for ketones but 4+ 
positive for glucose. Blood ketones on a meter was 
positive (4.0 mmol/dL).
Based the information gathered from the history, 
PE, and point-of-care testing, Jazzy’s initial diagno-
sis was DKA with abdominal pain due to suspected 
pancreatitis.

An i-STAT Chem8 was also performed and 
revealed: Na 130 mmol/L (norma139–150 mmol/L), 
potassium 3.3  mmol/L (normal 3.4–4.9  mmol/L), 
chloride 91  mmol/L (normal 106–127  mmol/L), 
ionized calcium 1.04  mmol/L (normal 1.12–
1.40  mmol/L), TCO2 15  mmol/L (normal 
17–25  mmol/L), blood urea nitrogen 65  mg/dL 
(normal 10–26 mg/dL), creatinine 1.4 mg/dL (nor-
mal 0.5–1.3  mg/dL), glucose 614  mg/dL (normal 
60–115 mg/dL), hematocrit 37% (normal 35–50%), 
anion gap 2825  mmol/L (normal 8–25  mmol/L), 
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Case study 2: Hit by car 

Duke, a 9-year-old male neutered Standard Poodle 
(24 kg) presented to the emergency department 45 
minutes after being hit by a car. Prior to the acci-
dent, Duke had previously been a healthy dog.

Upon presentation Duke was laterally recumbent 
and unable to stand. His vital signs were as follows: 
mentation dull but responsive, temperature 100.0°F 
(37.78°C), pulse rate 190–200 beats per minute, 
respiratory rate 50 breaths per minute, MM color 
pale, and CRT >3 seconds.

and hemoglobin 12.6  g/dL (normal 12–17  g/dL). 
All of these abnormalities were consistent with the 
DKA diagnosis.

Additional diagnostic testing included submission 
of blood for a complete blood count, chemistry 
profile, and a pancreatic lipase level. Urine was 
submitted for a complete urinalysis and urine cul-
ture. Thoracic and abdominal radiographs were 
also performed with full diagnostic abdominal 
ultrasound planned for the following day.

Initial therapy for Jazzy included a 20  mL/kg 
bolus of isotonic crystalloid fluids, followed by a 
rate of isotonic crystalloid fluid that would provide 
maintenance fluids plus correction of a 7% deficit 
over 12 hours. The fluids were supplemented with 
potassium after the initial bolus since she was 
found to be hypokalemic. She was started on maro-
pitant, pantoprazole, and a fentanyl constant rate 
infusion (CRI) for her abdominal pain. An insulin 
CRI was initiated.
Results of the additional diagnostics revealed that 
the initial diagnoses made based on the PE and 
POCT were correct: Jazzy had DKA with severe 
concurrent pancreatitis. Monitoring for Jazzy 
included vital signs every 4 hours in the first 24 
hours, then every 6 hours. Full physical exam was 
performed a minimum of twice a day for the first 
few days. Body weight was measured twice daily. 

Her BG was monitored every 2 hours for the first 4 
days then every 4 hours (the rate of the insulin CRI 
was adjusted based upon the measured BG). Blood 
ketones were checked a minimum of once every 24 
hours. Other bloodwork including electrolytes, 
blood urea nitrogen, and creatinine were monitored 
every 4 hours in the first 24 hours then twice daily 
thereafter. Adjustments were made to her fluid type 
and fluid additives (primarily potassium, phospho-
rus, and dextrose) based on the results of the vari-
ous bloodwork results. Physical exam findings 
dictated her fluid rate.

She remained in hospital for a total of 12 days 
but she was successfully discharged after treatment 
of both conditions.

Box 1.2. Duke: Physical exam by body system. 

●● Integument: multiple abrasions and open wounds on the left rear leg, wound on right rear leg with open 
wound and visible fracture, abrasions of ventral abdomen

●● Cardiovascular:
●# Thoracic auscultation: no murmur ausculted
●# Rate: tachycardia
●# Rhythm: sinus tachycardia
●# Pulse quality/pulse pressure: weak and thread pulses, synchronous

●● Respiratory:
●# Thoracic auscultation: harsh lung sounds ventrally, dull lung sounds in the dorsal lung fields
●# Rate: 50 breaths per minute
●# Pattern: tachypnea with mild increased respiratory effort

●● Gastrointestinal:
●# Abdominal palpation: soft nonpainful abdomen
●# Rectal exam: small amount of blood noted on glove, normal stool present

●● Genitourinary: normal
●● Musculoskeletal:

●# Ambulation: unable to stand at presentation
●# Range of motion: normal range of motion and palpation of both forelimbs, left rear limb has normal range 

of motion, right rear limb has open tibial fracture with bone protruding through the skin

Continued
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●● Neurologic:
●# Cranial nerves: within normal limits
●# Reflexes: forelimbs and left rear limb within normal limits right rear limb not assessed initially

●● Lymph nodes: within normal limits
●● Eyes: within normal limits
●● Ears: within normal limits
●● Oral cavity: blood coming from mouth, small wound on tongue
●● Body Condition Score (scale 1–9): 4/9

Box 1.2. Continued.

Point-of-care testing for Duke included: PCV = 
45%, TS = 6.0  g/dL, BG 110  g/dL, lactate 
5.4 mmol/L.
Diagnoses based on PE and POCT: Duke’s diagno-
ses were shock, possible pneumothorax, and an 
open right tibial fracture.

Duke was diagnosed with shock based on his 
tachycardia, dull mentation, weak pulses, pale MM 
with delayed CRT, and tachypnea. Intravenous 
crystalloid and colloid therapy was initiated (see 
Table 1.11 to see the trends in Duke’s response to 
therapy).

Due to concerns for pneumothorax based on his 
PE and auscultation, a thoracocentesis was per-
formed and 1000 mL of air was removed from the 
right pleural space. Duke’s breathing significantly 
improved after fluid therapy and thoracocentesis.

Duke was given flow by oxygen and further test-
ing such as blood pressure, ECG monitoring, pulse 
oximetry, and an abdominal FAST scan (see 
Chapters 2, 3, 4, and 7 for more details regarding 
these monitoring modalities) to further character-
ize his condition. Blood was collected for labora-
tory testing.

Continued monitoring for Duke included check-
ing his vital signs, repeat assessment of his menta-
tion status, PCV/TP, and lactate. He was also 
monitored with continuous pulse oximetry, inter-
mittent blood pressure readings, and ECG monitor-
ing. His wounds were cleaned and covered during 
the stabilization period. See below for details 
regarding the trends in his status/POC testing and 
the therapies administered during this initial stabi-
lization period.

Note that initially (time 0–55 minutes), Duke’s 
clinical condition and lactate values seemed to indi-
cate a positive response to therapy. He was more 
alert, seemed to recover from his shock, and 
showed a decline in the lactate values. However, at 
~95 minutes after presentation, his PCV/TP showed 

continued declined along with an increase in the 
lactate. At the same time, Duke seemed to be qui-
eter than previously and PE revealed an increase in 
the size of his abdomen, all of which implied a 
hemoabdomen. The presence of the hemoabdomen 
was confirmed by an abdominal FAST scan and 
sampling of the intra-abdominal fluid. He was 
resuscitated with a bolus of colloid fluids and an 
abdominal compression wrap was applied to tam-
ponade the bleeding.

Attention should be paid to the decrease in the 
PCV and TP, particularly the disproportionate 
decrease between the two values. This is an indica-
tion of ongoing blood loss (loss of blood and pro-
teins with a concurrent splenic contraction which 
blunted the drop in PCV), and, in Duke’s case, was 
consistent with development of a hemoabdomen. 
The abdominal compression wrap was placed 
tightly for two hours (with observation that Duke 
could easily breathe with the wrap). When his clini-
cal condition and PCV/TP seemed to stabilize, the 
abdominal compression was loosened gradually 
over 2 hours and completely removed 8 hours after 
presentation.

Duke was stable enough to go to surgery for 
fracture repair 48 hours after presentation. He was 
discharged from the hospital on day 6. Six weeks 
after discharge, Duke’s fracture was healed and he 
was doing well.
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Table 1.11. Trends in Duke’s response to therapy.

Time  
(minutes)

Heart 
rate 

(bpm)
PCV/TP  

(% / g/dL)
Lactate 

(mmol/L) Assessment Therapy

0 190–200 45/6.0 5.4 Lateral recumbency, dull 
mentation

Isotonic crystalloid bolus 22 mL/kg

20 180 – – Lateral recumbency, dull 
mentation

Isotonic crystalloid bolus 22 mL/kg

35 168 – – Sternal recumbency, quiet  
but responsive

Colloid bolus 5 mL/kg
Fentanyl bolus 3 μg/kg

55 150 38/4.5 2.7 Sternal recumbency, alert  
and responsive

Continue isotonic crystalloid 
120 mL/kg/day

Fentanyl CRI for pain  
(3 μg/kg/h)

70 140 – – Sternal recumbency, alert  
and responsive,

Exhibiting pain

Continue isotonic crystalloid 
120 mL/kg/day

Fentanyl CRI for pain

95 165 34/3.0 3.5 Sternal recumbency, but 
quieter than previous, 
abdomen noted to be 
distended

Repeat abdominal fast scan 
confirmed hemoabdomen, apply 
abdominal compression wrap, 
continue isotonic crystalloid 
120 mL/kg/day, fentanyl CRI, 
colloid bolus 2.5μmL/kg

120 155 – – Sternal recumbency,  
continues to be quiet but 
responsive, abdomen no 
change

Isotonic crystalloid 120 mL/kg/
day, maintain abdominal wrap, 
fentanyl CRI

Antibiotics started (open fracture)

140 146 34/3.0 3.0 Sternal recumbency, quiet  
but responsive, abdomen  
no change

Isotonic crystalloid 120 mL/kg/
day, maintain abdominal wrap, 
fentanyl CRI

160 138 30/3.0 2.5 Sternal recumbency, quiet 
but responsive, abdomen no 

change

Isotonic crystalloid rate decreased 
to 90 mL/kg/day, maintain 
abdominal wrap, fentanyl CRI

215 135 – – Sternal recumbency, but will 
change positions, more 
alert responsive, engaged, 
abdomen no change

Isotonic crystalloid rate decreased to 
90 mL/kg/day, loosen abdominal 
wrap, fentanyl CRI

270 130 32/2.8 2.2 Sternal recumbency, but will 
change positions, more 
alert responsive, engaged, 
abdomen no change

Fluid rate decreased to 90 mL/
kg/day, fentanyl CRI, maintain 
loosened abdominal wrap

CRI, constant-rate infusion.
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