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ABSTRACT: Blood pressure monitoring in dogs and cats is important because both hypotension

and hypertension can occur and have significant effects on patient outcome. Awareness of the

advantages and disadvantages of available monitoring devices is essential for practitioners. Although

direct arterial monitoring is the most accurate method available, it is invasive and technically

demanding. Indirect measurements are comparatively easy to obtain but are typically less accurate.

Because precision and efficiency are often the most important characteristics of a diagnostic test,

indirect techniques are preferred in daily practice. Blood pressure measurement is an accessible

technique that can enhance the quality of care provided by general practitioners.

lood pressure (BP) was first measured in
B horses in the early 18" century. In his

seminal work Haemastatics, Stephen
Hales described a technique in which measure-
ment of the height of a column of blood in a
glass tube inserted into the femoral artery of a
horse could be used to determine BP.! The first
noninvasive method for humans was reported
in 1834,” and almost two centuries of study
have produced a variety of BP measurement
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techniques. In humans, BP is
often referred to as the fourth
vital sign accompanying tem-
perature, pulse, and respira-
tion. Unlike veterinarians,
physicians enjoy the compara-
tive luxury of a typically coop-
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erative patient; in addition, various anatomic
differences render BP measurement in humans
more straightforward than in animals.*® How-
ever, BP measurement is indispensable in con-
temporary veterinary practice because pressure
derangements are common and potentially life-
threatening in small animals.

CLINICAL RELEVANCE

Hypotension is more readily recognized than
hypertension because the clinical presentation
of hypotension is usually acute. The three basic
pathophysiologic mechanisms that lead to
hypotension are decreased vascular tone,
decreased cardiac output, and hypovolemia.®
Certain disease states, particularly those related
to anaphylaxis, blood loss, sepsis, and neoplasia,
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can lead to potentially devastating hypotension. Iatro-
genic causes of hypotension, including anesthesia and
pharmacologic vasodilation, are also common.* Anes-
thetized patients are particularly at risk for severe and
possibly life-threatening hypotension because many
injectable and inhalant anesthetics depress cardiac out-
put (CO) and/or peripheral vascular resistance.”* Moni-
tors that simply amplify respiratory and cardiac sounds
do not identify hypotensive states or impending cardio-
vascular collapse.”™ Hypotension is the most common
perianesthetic complication in small animal practice;
therefore, BP monitoring may expose dangerous cardio-
vascular trends before they are realized clinically." The
American College of Veterinary Anesthesiologists rec-
ommends BP monitoring during anesthesia, at a mini-
mum, for patients with moderate to severe systemic
disease.’

Autoregulation of blood flow refers to the ability of
regional vasculature beds to compensate for systemic
arterial pressure changes.” Autoregulation is limited in
the presence of severe hypotension, which can therefore
compromise adequate perfusion of the kidneys, heart,
and brain and lead to organ dysfunction and fail-
ure.>'*" The renal vascular bed actually appears to lose
the ability to autoregulate BP at a mean arterial pres-
sure (MAP) of approximately 80 mm Hg, whereas the
brain and heart can maintain perfusion down to an
MAP of approximately 40 to 50 mm Hg." To preserve
organ function, maintaining normal BP during both
anesthesia and disease is a desirable goal. Although BP
monitoring is not an exact indicator of CO or organ
perfusion, it is a fast and reliable indicator of cardiovas-
cular function.”®

Hypertension in veterinary patients has become more
widely recognized. Development of hypertension results
from complex interactions between the endocrine, renal,
vascular, and autonomic nervous systems. Essential
hypertension, defined as elevated BP without an estab-
lished cause, is thought to be rare in veterinary patients
but is the most frequent form of hypertension in
humans."®" It is frequently associated with renal disease
and hyperthyroidism in cats and with renal disease,
hyperadrenocorticism, and other endocrinopathies in
dogs.”** Autoregulation also fails with sustained hyper-
tension, causing direct damage to many organs, including
the eyes, brain, and kidneys.**”' Systemic hypertension
often complicates the clinical picture in various chronic
disease states in animals, most notably renal fail-
ure.'!$1%22 One of the most commonly recognized clin-
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Figure 1. The relationship of various cardiovascular
parameters to arterial blood pressure and organ perfusion.

ical presentations of hypertension in cats is acute onset of
blindness due to retinal detachment.'**** Although it
may not be practical to measure BP in every animal, geri-
atric patients and those with certain disease states should
be evaluated for hypertension.

In addition to diagnostic investigation for hypo- and
hypertension, BP measurement in dogs and cats can
direct therapy, such as the use of vasoactive medications,
and therapeutic endpoints during resuscitation from
shock.

PHYSIOLOGY

Arterial BP is defined as the force exerted by flowing
blood on arterial walls.**”* This force is pulsatile due to
intermittent contractions of the heart, creating a for-
ward-moving waveform. The determinant factors of
BP are cardiac output (CO), peripheral vascular resist-
ance, and blood volume as described by the following
equations®>7%:

BP = CO x Peripheral vascular resistance

CO = Heart rate x Stroke volume

Stroke volume is the volume of blood ejected by the
heart during systole.*"*” Stroke volume is influenced
by cardiac contractility, preload, and afterload® as shown
in Figure 1.
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Comparative Terminology

To evaluate the different methods of measuring BP,
the following terms are used:

* Accuracy is the proximity of a measured value to the
actual value.

* Precision is the ability to obtain a repeatable
measurement.

 Efficiency is the ratio of the number of successful
attempts to the number of overall attempts at
obtaining a measurement.

* Sensitivity is the probability of obtaining a positive
test in patients with that disease (e.g., detecting low
BP in a hypotensive patient).

*  Specificity is the probability of obtaining a negative
test in unaffected patients (e.g., obtaining a normal
reading in a normotensive animal).

Systolic BP is the maximum arterial BP measurement
during systole (ventricular contraction), whereas dias-
tolic BP is the minimum measurement taken during
diastole (cardiac relaxation). MAP is the time-weighted
average of pressure exerted during the cardiac cycle and
is the major determinant of organ perfusion.*?”
Because the duration of diastole is normally longer than
that of systole, MAP cannot be directly averaged and
the following equation® is used to approximate it:

MAP = Diastolic BP + '/5(Systolic BP — Diastolic BP)

The difference between systolic and diastolic pressures
is the pulse pressure, which creates the palpable pulse.***
However, manual palpation of the pulse does not provide

painful, inexpensive, automatic, reliable, accurate, and
precise over a wide range of conditions, including
patient and situational factors.

Direct Measurement

Direct arterial BP is the standard to which all other
methods are compared. This measurement is obtained
by placing a catheter into an artery and connecting it to
a pressure transducer. Like most clinical skills, the tech-
nique for placing arterial catheters is not difficult but
does require sufficient practice. The most common sites
for arterial catheter placement in small animals are the
dorsal metatarsal artery, which lies between the second
and third metatarsal bones, or, for smaller patients, the
femoral artery.®**?* However, any accessible artery can
be used, including the lingual, auricular, and carotid.****
Although methods using only local anesthetics in con-
scious research dogs have been described,** direct arte-
rial catheter placement virtually necessitates a patient
that is minimally responsive or nonresponsive because of
either sedation or a disease state.

After wide depilation and sterile preparation over the
catheter site, a 18- to 24-gauge sterile over-the-needle
catheter primed with heparinized saline should be
placed using methods similar to venous catheteriza-
tion.*” Lidocaine is often injected at the insertion site
to decrease arteriospasm when the catheter is posi-
tioned.* If possible, the pulse should be palpated (Figure
2) and the catheter inserted in the same direction as the
vessel at a 45° angle. Because pulses may be nonpalpable
in severely hypotensive or hypovolemic patients, a cut-
down technique can be used if necessary. Pulsatile, rapid

Direct arterial blood pressure monitoring should be considered
for any hemodynamically unstable patient.

reliable information about MAP. This is an important
point because it is possible to have a significant derange-
ment in MAP, and therefore organ perfusion, while
maintaining a subjectively adequate pulse pressure.®”

CLINICAL MEASUREMENT

BP may be determined via direct or indirect tech-
niques. Each method has its own set of advantages and
disadvantages that should be considered when evaluat-
ing clinical options. An ideal technique would be non-
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blood flow through the catheter indicates successful
placement within the artery. The catheter should then
be advanced into the artery (Figure 3) and the stylet
removed. A T-piece should be placed and the catheter
flushed with 1 to 2 ml of heparinized saline. The
catheter should be secured similarly to venous catheters
and labeled to avoid inadvertent arterial injection. The
catheter should then be connected with noncompliant
tubing primed with heparinized saline to a pressure
transducer placed at the level of the heart. The trans-
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Figure 2. Palpating the arterial pulse to prepare for
insertion of an intraarterial catheter.

ducer converts the mechanical signals into electrical
energy, which is displayed on the monitor as a continu-
ous pressure waveform as well as a numeric reading of
the systolic, mean, and diastolic BPs. A typical display
monitor is shown in Figure 4. It is also possible to con-
nect the tubing to an aneroid manometer, which greatly
decreases the expense but provides only an MAP read-
ing.”® The catheter and tubing should be flushed fre-
quently, either continuously or at least every 4 hours to
avoid thrombus formation.**** Telemetric monitoring is
a specialized form of direct arterial measurement that
uses an indwelling catheter and transmission of radio
signals from a conscious, unrestrained patient.’** This
technique is primarily used in research settings.

Direct BP measurement is not infallible. Direct arte-
rial readings can be affected by clots within the catheter
and by contact of the catheter with the vessel wall.** In
addition, the catheter itself can obstruct blood flow in
smaller arteries and artificially increase pressure read-
ings.** Tubing that is kinked, is too long or compliant,
or contains air bubbles can alter BP readings.*** There-
fore, use of connections and the length of the tubing
should be minimized. Care must be taken to ensure that

t.434 Exam-

the transducer is at the same level as the hear
ination of the arterial waveform can give some indica-
tion of the accuracy of the measurement. The upstroke
registered during systole should be steep, and the pres-
ence of the dicrotic notch, indicating closure of the aor-
tic valve and subsequent elastic recoil within the vascular
system, should be noted.*””?'7 Artifactual changes can
be produced by the measuring and recording compo-
nents, and, as with any vital monitor, readings must be
integrated into the clinical picture.
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Figure 3. An intraarterial catheter in the dorsal pedal
artery before it is secured with tape.

measurement.

Complications of arterial catheter placement may
include thromboembolization, hemorrhage, hematoma
formation, ischemic necrosis of adjacent tissues, infec-
tion, and accidental intraarterial drug injection.’*3*%
Disadvantages include expense of equipment, invasive-
ness, need for technical proficiency with placement, and
frequent maintenance of the catheter and tubing.®**** In
addition, the time required to place the arterial catheter
may increase anesthesia time. Intraarterial catheter
placement may be contraindicated in patients with
hemostatic disorders or in areas with overlying dermati-
tis. Advantages include accurate readings under all pres-
sure conditions, continuous measurement, the ability to
accomplish waveform analysis, and the presence of
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Figure 5. Various inflatable cuffs used with Doppler and
oscillometric indirect blood pressure monitors.

established arterial access for blood gas measure-
ments.??*3* Arterial catheterization should be consid-
ered for any hemodynamically unstable or critically ill
patient because indirect techniques may be inaccurate in

these situations.’>**

Indirect Measurement

BP readings can be obtained via several noninvasive
methods. These indirect techniques are generally con-
sidered less accurate than intraarterial measurements but
also require less technical skill, pose less risk to the
patient, and are more routinely practical.*"”” The most
common methods of indirect measurement require a
superficial artery of sufficient size that can be com-
pressed easily. These techniques rely on detection of the
return of pulsatile blood flow after occlusion of the
artery with an inflatable cuff.” Several sizes of inflatable
cuffs for use with the most common indirect methods
are shown in Figure 5.

Cuff width is important for accurate readings and
should be approximately 40% of the circumference of
the limb.****' One study® recommends a 30% ratio for
cats. If the cuff is too large, pressures may be underesti-
mated; if the cuff is too small, pressures may be overesti-
mated.** If a correctly sized cuff is unavailable, it
should be noted that the magnitude of error is greater
with a small cuff; therefore, the wider cuff should be
chosen.*""* If the inflatable part of the cuff does not
encircle the entire limb, care should be taken to place
the inflatable bladder over the artery to be compressed.

COMPENDIUM

The cuft should fit snugly, and the limb should be posi-
tioned so that the air hoses are not kinked.* Ideally, the
cuff should be positioned at the same level as the
heart.”” Most authors indicate that accuracy of indirect
methods is improved by averaging readings from multi-
ple measurements after discarding outliers.?>*>%°
Indirect methods are generally more straightforward
and less invasive than direct BP monitoring but are less
accurate because of intrinsic differences in meth-
odology.**” Indirect techniques are typically registered in
more peripheral and, therefore, narrower parts of the
vascular tree that are inherently susceptible to the dic-
tates of waveform mechanics, including distal amplifica-
tion, reflection, and impedance.***"** The Association
for the Advancement of Medical Instrumentation, a
group that sets forth standards for indirect BP monitors
in humans, designates 5 + 8 mm Hg as the maximum
mean error and standard deviation acceptable for these
devices compared with direct arterial measurement.* It
should be noted that few noninvasive devices used in
veterinary medicine have been evaluated by the Associa-
tion for the Advancement of Medical Instrumentation
standards, and none has been shown to fully meet the

criteria. 45052

Doppler Ultrasonography

The Doppler effect refers to detection of a shift in
frequency of waves relative to an observer. A Doppler
BP transducer uses a piezoelectric crystal (i.e., one that
acquires a charge when distorted) to emit and receive
ultrasonic waves. Reflection of the waves produced by
erythrocyte flow within the artery is converted into the
audible range and amplified.**

The probe is placed over an artery distal to an inflat-
able cuff with an attached aneroid manometer. The
most common sites are the caudal metatarsal region,
caudal metacarpal region, and ventral tail, with the cuff
placed just proximal to the probe.””?** The area over
the artery is frequently shaved; however, application of
alcohol to the haircoat may be adequate. Ultrasonic cou-
pling gel is placed in the depression of the probe, which
is aligned parallel to the blood flow. Once the sound of
the blood flow is detected, the probe can be taped in
place for repeated measurements, such as during surgical
procedures, or held in place by hand. The cuff should
then be inflated until the pulse can no longer be heard
and then slowly deflated while the attached manometer is
observed. The pressure at which the pulse first be-
comes audible is read as the systolic pressure.??033435152
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Diastolic readings cannot be reliably obtained via this
method because wide interobserver variation has been
reported.””?*¥* Figure 6 demonstrates the use of a
Doppler BP device.

The Doppler method has been investigated in

16,50,54 36,50,51,53

conscious and anesthetized cats as well as con-

scious™? and anesthetized dogs.” Compared with direct
BP measurement, Doppler measurement tends to under-
estimate systolic pressure.****>3 This tendency is espe-
cially pronounced in cats. One study® reported that
Doppler readings may more closely reflect MAP than sys-
tolic arterial pressure (SAP) in this species, although oth-
ers*®! have not validated this finding. In hypotensive
situations, Doppler ultrasonography may be more accurate
and precise than other indirect methods®* and maintains
the ability to obtain a reading in low-pressure states.’"****
Doppler measurements correlate well with direct analysis
and are therefore useful in detecting trends.”' %>

Disadvantages of the Doppler method include the
inability to reliably determine diastolic arterial pressure
(DAP) and therefore MAP.#* In addition, Doppler
methodology is operator-driven (i.e., it is not automatic)
and requires some practice and patience to locate the
vessel with the probe.

Advantages of the Doppler method include relatively
low cost and technical ease (compared with direct meas-

Figure 6. A Doppler BP monitor on the forelimb of a
dog.

Oscillometric monitors have been investigated for use
in both anesthetized>***"**>7 and conscious dogs,”***>**
with significant differences in accuracy and efficiency
reported. The accuracy of oscillometric technology
varies between individual makes and models because of
software differences.”**** However, in general, oscillo-
metric techniques tend to underestimate direct arterial
pressure at normo- and hypertensive values,**>* with
the divergence between direct and oscillometric mea-

Doppler BP monitors tend to underestimate direct BP measurements.

urements), noninvasiveness, and portability. In addition,
Doppler methodology is applicable to animals of any

SiZe.4’8’5l'54

Oscillometric Measurement

Oscillometric BP monitors consist of an appropriately
sized cuff, transducer, microprocessor, and display unit.
These automatic devices work by detecting oscillations
(periodic fluctuations) within the cuff produced by arte-
rial wall motion. As the cuff is deflated, oscillations rap-
idly increase at the systolic pressure, reach a maximum at
the MAP, and then rapidly decrease at the diastolic pres-
sure.*” The attached electronic monitor displays SAP,
MAP, and DAP as well as pulse rate. For most devices,
MAP is most closely measured, whereas SAP and DAP
are calculated via programmed algorithms.**”* Oscillo-
metric devices are available from the manufacturers listed

in the box on p. 456.
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surements more pronounced at higher pressures.”?>%>

During hypotension, systolic pressures are often overes-
timated and precision may be compromised.”® If
sequential values are averaged, oscillometric methods
have been shown to be both sensitive (100%) and spe-
cific (91%) for hypotension in dogs.*’

The site of cuff placement can affect accuracy, and
every attempt should be made to standardize measure-
ment protocols.’>***>5* Restraining conscious animals in
lateral recumbency to use a limb may be difficult, but
placing the cuft at the base of the tail in standing dogs
allows satisfactory measurements and is usually well tol-
erated.’>***>*** The latter technique may be best used in
conscious animals because during surgical procedures,
the tail may not be readily accessible and blood flow
could be compromised to the caudal region.’

Oscillometric devices have been studied in both con-

50,54

scious’®* and anesthetized cats.*>**°% In this species,
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Resources

Oscillometry
CardioCommand, Inc.
Phone 800-231-6370

www.cardiocommand.com

Digicare Biomedical Technology, Inc.
Phone 561-689-0408

www.digicarebiomedical.com

Dinamap (GE Healthcare)
Phone 800-558-5120

www.gehealthcare.com/euen/patient_monitoring/

products/imm-monitoring/dinamap

DRE Medical Equipment
Phone 800-462-8195 or 502-244-4444

www.dremed.com

Grady Medical Systems, Inc.
Phone 800-800-2585
www.gradymedical.com

S&B medVet

www.submedvet.com

Sharn Veterinary, Inc.
Phone 800-325-3671

www.sharnvet.com

SurgiVet

Phone 262-513-8500 or 888-745-6562 (United
States only)

WWW.surgivet.com

Doppler ultrasonography
DRE Medical Equipment
Phone 800-462-8195 or 502-244-4444

www.dremed.com

Jorgenson Labs
Phone 800-525-5614

www.jorvet.com

Parks Medical Electronics, Inc.
Phone 800-547-6427
www.parksmed.com

Vmed Technology, Inc.
Phone 800-926-9622
www.vmedtech.com

Pressure plethysmography
VetSpecs
Phone 678-493-3555 or 800-599-2566

www.vetspecs .com
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oscillometric methods also tend to underestimate direct
pressure readings, with the error increasing with increasing
pressures.*>**%515 Some studies***® have demonstrated
improved accuracy of the oscillometric device in cats com-
pared with other indirect techniques, but other studies™***
have not demonstrated this. However, efficiency in obtain-
ing readings, especially during hypotensive states, is low,
making the use of this method time-consuming.*?***
Clipping the fur where the cuff will be placed can some-
times allow recording of a previously unobtainable reading
but does not improve accuracy of the measurement.®

It is generally agreed that oscillometric techniques are
most appropriate for use in animals weighing more than 11
Ib (5 kg). These methods are less efficient than Doppler
techniques because they may not be able to obtain readings
as easily, especially in patients with a fast or rapidly chang-
ing heart rate, in low-flow conditions, and in cats and small
dogs.**%! Modification of the algorithms used by the
processor might make oscillometric techniques more accu-
rate and efficient for animals less than 11 Ib (5 kg).*"!

Disadvantages of oscillometric BP monitoring include in-
consistency between different devices, decreased efficiency in
the presence of shivering or muscle movement,**’
use in small patients. The major advantage of oscillometric
technology is that its use requires the least training and clini-
cal skill. In addition, this method is automated, is portable, has
alarm capabilities, and provides SAP, DAP, and MAP as well

as pulse rate.”’

and limited

Photoplethysmography

In contrast to Doppler and oscillometric methods, photo-
plethysmography uses transmission of infrared light to detect
arterial volume. A constant arterial blood volume is main-
tained by an inflatable cuff so that the measured cuff pressure
equals the intraarterial pressure.’**° The cuff is placed around
the metatarsal region just distal to the hock. There have been
tew veterinary studies, but this technique has been shown to
have accuracy similar to that of the Doppler method com-
pared with direct measurements in anesthetized cats.”" At
higher pressures, a slight tendency toward overestimation was
noted. This same study’’ demonstrated considerable variabil-
ity in the data, indicating that each reading must be inter-
preted cautiously. In addition, the authors had difficulty
obtaining readings in darkly pigmented patients. A small
study® involving anesthetized dogs demonstrated good cor-
relation and accuracy compared with directly obtained meas-
urements. The major disadvantage of this technology is that
its use is restricted to animals weighing less than 22 1b (10
kg) because it was developed for use on human fingers.
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Advantages of photoplethysmography include continuous
pressure measurements, waveform visualization, and low
susceptibility to motion artifact.?***1

Other Methods

Stethoscopic auscultation has been described in dogs®
but is generally impractical in clinical practice.® This is
the most common method in human medicine and relies
on compression of a superficial artery via an inflatable
cuff and recognition of pulsatile arterial sounds using a
stethoscope over the artery just distal to the cuff. As cuff
pressure is reduced, systolic pressure is identified as the
cuff pressure at which pulsatile sounds are first heard. As
cuff pressure is further reduced, loss of pulsatile sounds
indicates the diastolic BP. These Korotkoff sounds are
thought to originate from a combination of turbulent
blood flow and oscillations of the arterial wall. In domes-
tic animals, the arteries of sufficient size are not superfi-
cial enough for routine use.*”” In addition, Korotkoff
sounds are soft and low-pitched in dogs and cats.**

Ultrasonic kinearteriography involves the use of a
Doppler transducer imbedded in a pressure cuff to
detect arterial wall motion versus erythrocyte movement
as described earlier.® Several investigations®** of the use
of the Doppler shift have used these devices. Older lit-
6263 indicates that diastolic pressure can be de-
tected with this technology. These devices are not
commercially available at this time.

Optical plethysmography involves placement of a pulse
oximeter probe distal to a pressure cuff. The probe is
connected to a monitor, and return of blood flow after
releasing the pressure in the cuff is detected by return of
a pulse-oximetry signal. A continuous waveform is dis-
played as with direct-pressure monitoring. This method
has been studied’® only in cats; the accuracy and preci-
sion are similar to those of Doppler sphygmomanometry.

erature

GUIDELINES FOR CLINICAL
INTERVENTION

The literature describing normal values for BP in dogs
and cats is abundant and quite diverse.'®!*»2535,36:43:49,6265
Most studies of both conscious and anesthetized com-
panion animals have yielded normal values higher than
those documented in humans. Tables 1 and 2 summa-
rize the literature.

Hypotension

It is generally agreed in the veterinary literature that a
systolic pressure of 80 mm Hg or less and an MAP of
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60 mm Hg or less are the values at which intervention
treatment of hypotension should be considered.®®'*
Hypotension that occurs during anesthesia can generally
be corrected by reducing the amount of anesthetic gas
and thereby decreasing the plane of anesthesia.®?
Increasing the rate of crystalloid fluid administration or
adding a colloid may also be indicated and is often the
first line of defense in hypotension caused by trauma
and sepsis.*®® Hypotension that is nonresponsive to
aggressive volume expansion may require the use of
vasoactive medications such as dopamine, dobutamine,
norepinephrine, epinephrine, or phenylephrine.*

Hypertension

When BP is measured in a conscious patient, care
should be taken to keep the patient relaxed and calm,; this
may necessitate the presence of the owner. The upper
limits of normal BP in dogs and cats are debatable. It is
important to note that detection of a value consistent
with hypertension does not necessarily justify interven-
tion. Hypertension isolated from evidence of end-organ
damage should be viewed critically because cutoft values
are simply guidelines.” Investigators have proposed that
clinicians be suspicious of a systolic pressure of 150 to
180 mm Hg and a diastolic pressure of 100 mm Hg in
cats and dogs. 2?67 A recent statistical comparison of
Doppler and oscillometric techniques versus direct arte-
rial puncture in dogs demonstrated appropriate detection
of hypertension with the following values®®:

* A sensitivity of 71% and a specificity of 86% with a
forelimb Doppler reading of 160 mm Hg or higher

e A sensitivity of 65% and a specificity of 85% with a
systolic reading of 160 mm Hg or higher via an oscil-
lometric cuff on the distal hindlimb

e A sensitivity of 84% and a specificity of 75% with a
systolic reading of 150 mm Hg or higher via an oscil-
lometric cuff on the tail

It is helpful to note that a large epidemiologic study® of
dogs conducted over several years demonstrated that
although BP can vary greatly between patients, individ-
uals tend to maintain their rank order over time. The
cornerstone of controlling hypertension is management
of the underlying cause. Various classes of pharmaco-
logic agents are used as necessary, including calcium
channel blockers, angiotensin-converting enzyme
inhibitors, direct-acting vasodilators, B-blockers, and

diuretics.?*

COMPENDIUM



458 @3 Arterial Blood Pressure Measurement: Physiology, Tools, and Techniques

Table 1. Suggested Normal Blood Pressure Ranges in Dogs

Systolic Diastolic Mean
Method Trade Name Investigator Subjects (mm Hg) (mm Hg) (mm Hg)
Direct Data Science Mishina et al®  Seven conscious  123.4+7.9 745 +4.9 91.1+5.6
(Telemetry) Co. Transmitter dogs
TL10M2-D70
Direct Eagle 4000 GE Stepien and 27 conscious 154 + 20 84 +9 107 £ 11
Rapoport® dogs
Doppler Arteriosonde Remillard et al” 102 conscious 147 £27.7 82.6 +15.1 104.1 +17.1
1022 dogs
Doppler Parks Model Stepien and 27 conscious 151+ 27 Not measured  Not measured
811-AL Rapoport™ dogs or calculated
Oscillometric  Dinamap 1846sx ~ Bodey et al* 1,782 conscious 133 +0.49  75.5 +0.37 98.6 + 0.41
monitor dogs
Oscillometric  Dinamap 1255 Coulter and 73 conscious 144 + 27 110 £ 21 91+20
monitor Keith* dogs
Oscillometric  USM-700GTM  Mishina et al> 102 conscious 118 +10.7 67.4+14.4 93.8 +15
monitor dogs
Oscillometric  Eagle 4000 GE Stepien and 27 conscious 150 + 20 71 +18 108 + 15
monitor Rapoport®™ dogs
Table 2. Suggested Normal Blood Pressure Ranges in Cats
Systolic
Method Trade Name Investigator Subjects (mm Hg) Diastolic Mean
Oscillometric  Dinamap 1846sx ~ Sansom et al® 94 conscious cats <168 Not reported ~ Not reported
monitor
Doppler Parks Model Grandy et al*® 16 anesthetized 79 = 20 Not reported ~ Not reported
811-BTS cats
Doppler Parks Model 811  Sparkes et al® 50 conscious cats 162 + 19 Not reported ~ Not reported
CONCLUSION allows detection in trends. Doppler methodology is rea-

BP measurement is a valuable tool in small animal
practice; however, all methods of BP evaluation have
limitations. Table 3 compares the most common meth-
ods. Direct arterial pressure is considered the gold
standard but is painful, invasive, and relatively time-
consuming. Direct measurements are recommended for
clinically unstable patients that would benefit from con-
tinuous monitoring. On a routine basis, noninvasive
measurements are preferred because they are relatively
inexpensive, easy to obtain, and fairly accurate. As a
group, indirect measurements tend to underestimate
direct measurement of BP. However, correlation be-
tween direct and indirect methods is typically good and
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sonably accurate, very efficient, and applicable to
patients of any size but can be time-consuming because
it 1s not automated. Oscillometric monitors can also be
fairly accurate, have alarm systems, and are automated
but tend to fail to obtain readings more often than do
other indirect methods. Although each approach to BP
measurement has limitations, the principal requirements
for any routine procedure are precision and practicality.
Intervention should be based on multiple inputs, and
any given BP value should be integrated into the clinical
picture. BP measurement can be easily performed in
general practice and can enhance quality of care on a

daily basis.
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Table 3. Comparison of Blood Pressure Monitoring Methods

Method Accuracy” Precision Efficiency® Ease of Use Patient Weight
Direct High High High Low Any
Doppler Moderate Operator High Moderate Any

dependent
Oscillometric monitor Varies Varies Often low High >111b (5 kg)
Photoplethysmography Moderate High High High <22 1b (10 kg)

?Accuracy = proximity of a measured value to the actual value.
“Precision = the repeatability of a given measurement.

‘Efficiency = ratio of the number of successful attempts to the number of overall attempts.
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@

I. Which is not associated with secondary systemic 6. In general, Doppler BP measurements tend to

hypertension?

direct arterial pressure measurements.

a. renal disease a. underestimate

b. Cushing’s disease b. overestimate

c. hyperthyroidism c. agree with

d. cholangiohepatitis d. have no relation to

. Which statement is incorrect? 7. The advantages of oscillometric devices do not
a. Determinants of arterial BP include CO, systemic include
vascular resistance, and blood volume. a. alarm capabilities.

b. SAP is the major determinant of organ perfusion
pressure.

c. Cardiac relaxation lasts longer than cardiac contrac-
tion.

d. Pulse pressure is the difference between systolic and
diastolic pressure.

. Intervention treatment of hypotension is recom-
mended at mm Hg.
a. an SAP of 60
b. an MAP of 45
c. an MAP of 60
d. a DAP of 30

. Which statement regarding direct arterial moni-
toring is correct?
a. Artifactual changes in direct arterial readings are
impossible.

b. efficiency for use in animals of any size.

C. automation.

d. the ability to obtain a reading in the presence of mus-
cle movement.

. Photoplethysmography

a. has been widely studied in veterinary patients.
b. is easily used in large dogs.

c. detects arterial wall motion.

d. allows waveform analysis.

. When intervention is warranted for hypotension

in an anesthetized patient, the first step is to
a. increase the fluid rate.

b. administer vasopressors.

c. decrease the depth of anesthesia.

d. increase the depth of anesthesia.

. Hypertension can be suspected at

b. Healthy animals undergoing routine surgical proce- a. SAPs of 100 mm Hg or higher.
dures are commonly monitored with direct arterial b. SAPs of 150 mm Hg or higher.
catheterization. c. DAPs of 80 mm Hg or higher.

c. Waveform analysis is possible and can provide infor- d. MAPs of 80 mm Hg or higher.

mation about the patient as well as monitoring equip-
ment.
d. Direct arterial monitoring of BP is noninvasive.

. The cuff width for oscillometric and Doppler

monitors

a. should be 30% to 40% of the width of the appendage.

b. should be 20% to 30% of the circumference of the
appendage.

c. should be 30% to 40% of the circumference of the
appendage.

d. does not affect pressure readings.
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