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Abstract

Objective — To evaluate the ability of peripheral pulse palpation to predict systolic blood pressure (SBP) in cats
presenting as emergencies.

Design — Prospective observational study performed over an 8-month period.

Setting — University veterinary teaching hospital.

Animals — One hundred two cats presenting to the emergency service. Eligibility for inclusion in the study
included a physical examination and a SBP via Doppler technique performed prior to treatment.
Interventions — None.

Measurements and Main Results — Femoral and metatarsal pulses were digitally palpated and the quality of
the pulses was assessed as either strong, moderate, poor, or absent. A concurrent SBP was also recorded. The
median SBP for all cats was 92.5 mm Hg (range, 30—240 mm Hg). Femoral pulse quality was found to strongly
correlate with the admission SBP (P < 0.001, rho = 0.6755). The median SBP for each femoral pulse quality
category (strong, moderate, poor, or absent) was significantly different (P < 0.05). For metatarsal pulses, the
median SBP for cats with either absent or strong pulses was significantly different (P < 0.001). Cats with absent
metatarsal and femoral pulses had a median SBP of 30 mm Hg (range, 30-105 mm Hg), whereas cats with strong
metatarsal pulses had a median SBP of 135 mm Hg (range, 58-210 mm Hg). Absent metatarsal pulses correctly
identified cats with a blood pressure of 75 mm Hg or less 84% the time (area under the curve: 0.89, confidence
interval 0.81, 0.97).

Conclusions — In cats, peripheral pulse quality assessment by emergency room veterinarians correlates with
SBP. With progressive decreases in blood pressure, metatarsal pulses will disappear and it is only with severe
hypotension that femoral pulses are absent. An assessment of both dorsal metatarsal pulse and femoral pulse
quality during triage may be useful in identifying abnormalities in blood pressure.

(J Vet Emerg Crit Care 2016; 26(1): 52-57) doi: 10.1111/vec.12418
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Introduction

Abbreviations ) . o )
During triage examination, animals that are presented

on an emergency basis are immediately evaluated for
the presence of life threatening conditions such as abnor-
malities in perfusion leading to shock. Shock occurs as a
result of inadequate delivery of oxygen and leads to im-
paired cellular function, organ failure, and, if untreated,
death. Therefore, the ability of an emergency clinician to
recognize and initiate treatment when abnormalities in
tissue perfusion are present is essential.

Physical examination findings reported in the veteri-
nary literature consistent with hypoperfusion include
pale mucous membranes, prolonged capillary refill
time, tachycardia (or bradycardia in cats), tachypnea,
dull mentation, cool extremities, decreased rectal

ATLS advanced trauma life support
ROC  receiver operating characteristics curve
SBP  systolic blood pressure
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temperature, and abnormal pulse quality or absent
peripheral pulses.'? Pulse pressure or pulse quality is
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an assessment of the difference between systolic blood
pressure and diastolic blood pressure and is dependent
on both the stroke volume and arterial wall elastic
properties.>* In animals with hypovolemic shock in
which there is a decrease in stroke volume, palpation
of peripheral pulses may reveal a small pulse pressure
because there is little difference between systolic and
diastolic blood pressures. In severe decompensated
shock, peripheral pulses may be undetectable.

An assessment of pulse pressure has been suggested
in the veterinary literature to provide objective informa-
tion regarding the animal’s blood pressure as measured
by either invasive or noninvasive methods. Evaluation
of pulse pressure, in addition to other physical exam-
ination parameters, may provide supportive evidence
for the presence or absence of hypotension. Anecdotally,
it has been stated that pedal pulses are palpable when
the systolic blood pressure is greater than 90 mm Hg
whereas an absence of both femoral pulses and pedal
pulses suggests that the animal’s systolic blood pres-
sure is less than 60 mm Hg.5 To the authors’ knowledge,
no clinical studies have been performed evaluating the
quality of peripheral pulses as assessed by digital palpa-
tion and its relationship to arterial blood pressure. Our
hypothesis was that peripheral pulse quality assessed by
digital palpation would accurately detect hypotension in
cats.

Materials and Methods

Any cat presenting to the emergency service that had
a pretreatment physical examination performed and a
systolic blood pressure (SBP) measurement via Doppler
technique was eligible for inclusion in the study. Cats
with a presumptive aortic thromboembolism were ex-
cluded from the study. A data collection sheet was com-
pleted by the attending veterinarian, which included
house officers and emergency service faculty. Pulse qual-
ity of both femoral and dorsal metatarsal pulses via digi-
tal palpation by the same clinician was assessed as either
strong, moderate, poor, or absent. The SBP was measured
by trained veterinary technicians by use of a Doppler
flow detector® with a 9.5-MHz probe prior to any in-
terventions using standard technique.® The hair was
clipped from the palmar or the dorsal aspect of the foot
over the metatarsals and the Doppler probe was placed
over either the common digital branch of the radial artery
or dorsal metatarsal artery, respectively. Aqueous gel®
was placed between the probe and the skin to optimize
ultrasonic contact. The volume of the Doppler was ad-
justed to obtain a clear signal. A blood pressure cuff® with
the width approximately 0.3-0.4 times the circumference
of the limb was placed midway between the carpus and
the elbow or just above the tarsus. The cuff was attached
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to a syphygmomanometer.¢ The blood pressure cuff was
inflated until no flow sounds were audible. The cuff was
gradually deflated in 2-5 mm Hg increments until clear
sounds were audible. The syphygmomanometer reading
at the reappearance of flow sounds was taken as the SBP.
This reading was repeated and if the same reading was
obtained, this number was recorded. If the reading was
different, a third measurement or fourth measurement
was obtained and the average was recorded. In cases in
which 1 of the readings significantly differed from the
other readings, this number was ignored and additional
readings performed as appropriate. Clinicians assessing
the dorsal metatarsal and femoral pulse quality were
not blinded to the SBP; however, they were unaware
of the purpose of the study. A measurement that was
too low to be obtained was recorded as 30 mm Hg for
statistical analysis. Hypotension was defined as a SBP
< 90 mm Hg.” Final diagnosis was also recorded for all
cats if available.

Statistical Methods

Continuous variables (age, weight, and blood pressure
measurements) were assessed for normality using the
Shapiro-Wilks test. These data were not normally dis-
tributed and hence median (minimum, maximum) was
used to describe them. Categorical data (pulse quality
categories) were described using proportions and per-
cent. Spearman’s rank correlation was used to assess the
relationship between femoral pulse quality and blood
pressure measurements. The Wilcoxon rank sum test was
used to make comparisons of blood pressure measure-
ments between pulse quality groups.

Sensitivity and specificity for determining hypoten-
sion using pulse palpation was calculated using a re-
ceiver operating characteristics curve (ROC) analysis.
The trapezoid method was used to calculate the area un-
der the ROC curve. A P-value of < 0.05 was considered
significant for all analyses. A statistical software package
was used for all calculations.®

Results

One hundred eleven cats were enrolled in the study over
an 8-month period. Nine cats were excluded because a
blood pressure measurement was not obtained, leaving
102 cats in the study. Cats were enrolled by 3 differ-
ent emergency service faculty (46 cats) and 18 different
house officers (56 cats). There were 88 domestic short-
hair cats, 8 domestic longhair cats, 2 Persian cats, 1 De-
von Rex cat, 1 Siamese cat, and 2 other purebred cats
in which breed was not recorded. The median age was
9.5 years (range, 0.4-20.3 years) and the median weight
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Table 1: The most common underlying disease conditions of cats
presenting to an emergency service

Underlying condition Number of cats

Diabetes mellitus/diabetic ketoacidosis 13
Primary gastrointestinal tract 12
Primary renal disease 11
Feline urethral obstruction/feline lower 10
urinary tract disease
Neoplasia 10
Trauma 9
Anemia 7
SIRS/sepsis 7
Primary heart disease 6
Primary neurologic disease 4

Other (including liver, respiratory, toxicosis, 13
fever, and unknown)

SIRS, systemic inflammatory response syndrome.

was 4.7 kg (range, 1.37-8.25 kg). Cats were presented to
the emergency service for a variety of underlying dis-
eases (Table 1).

Pulse quality assessment and Doppler blood pressure
Eight cats (8%) were determined to have absent femoral
pulses, 39 cats (38%) were determined to have poor
femoral pulses, and the remaining 52 cats were de-
termined to have moderate (26/102 [25%]) or strong
femoral pulses (26/102 [25%]). Three cats did not have
femoral pulse quality recorded.

Fourteen (14%) cats did not have dorsal metatarsal
pulse quality recorded. Of the 88 cats in which metatarsal
pulse quality was recorded, 23 cats (26%) had absent dor-
sal metatarsal pulses, 24 cats (26%) had poor metatarsal
pulse quality, and the remaining 41 cats had either mod-
erate (18/88 [20%]) or strong metatarsal pulses (23/88
[26%]).

Femoral pulse quality of the 23 cats that had absent
metatarsal pulses was either absent (8/23 [35%]) or poor
(15/23 [65%]). The median SBP of the cats with both
absent metatarsal and femoral pulses was 30 mm Hg
(range, 30-105 mm Hg); 5 of these cats did not have
Doppler blood flow detected and were assigned a SBP of
30 mm Hg by default. The median SBP of cats with ab-
sent metatarsal pulses and poor femoral pulses was also
30 mm Hg (range, 30-120 mm Hg); 10 of these cats did
nothave Doppler blood flow detected and were assigned
a SBP of 30 mm Hg. There were 4 cats (4/23 [17%]) in the
absent metatarsal group that had SBP = 90 mm Hg.

The median SBP for all cats was 92.5 mm Hg (range,
30-240 mm Hg). Forty-two (41%) cats were hypotensive
with a SBP < 90 mm Hg (range, 30-85 mm Hg). Seven-
teen of these cats (17/42 [40%]) did not have Doppler
blood flow detected for measurement of SBP, and so had
blood pressure recorded as 30 mm Hg. As described
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above, 15 of these cats had absent metatarsal pulses and
either absent or poor femoral pulses, and the remaining 2
cats had both poor metatarsal and femoral pulses. There
were 60 cats (59%) with SBP > 90 mm Hg (range, 90-240
mm Hg).

Femoral pulse quality strongly correlated with
the admission Doppler blood pressure measurement
(P < 0.001, rho = 0.6755). In addition, the median blood
pressure for each femoral pulse quality category (strong,
moderate, weak, or absent) was significantly different
(Figure 1 and Table 2). For metatarsal pulses, the median
blood pressure for cats with either absent or strong
pulses was significantly different (P < 0.001; Table 3).

In order to determine whether metatarsal pulse pal-
pation (absent versus present) predicts blood pressure, a
ROC was generated (Figure 2). Cats with present pulses
included those in the metatarsal pulse categories of poor,
moderate, and strong. The results of the ROC indicated
that absent metatarsal pulses was 83% sensitive and 85%
specific for a Doppler blood pressure of 75 mm Hg. Using
this cut-off, absent metatarsal pulses correctly identified
cats with SBP < 75 mm Hg 84% of the time with an area
under the curve of 0.89 (confidence interval 0.81, 0.97).
There were too few cats with absent femoral pulses to
perform a similar ROC analysis.

Discussion

This study is the first to document that clinician assess-
ment of peripheral pulse quality via digital palpation
may provide predictive information about an animal’s
systolic blood pressure especially when peripheral
pulses are absent. Peripheral pulse palpation, along
with an evaluation of other vital signs, is recommended
during the initial examination of animals presenting on
an emergency basis in order to diagnose abnormalities
in perfusion and initiate life-saving therapies. It has been
anecdotally suggested that performing a noninvasive
blood pressure measurement in animals with poor or
absent pulses is unnecessary since this physical exami-
nation finding supports severe hypotension. However,
this is the first study to investigate the validity of this
statement.

A clinician assessment of femoral pulse quality as
strong, moderate, poor, or absent in this study was pre-
dictive of SBP. In other words, as the pulse quality weak-
ened, the SBP was also found to be lower. However,
it is important to note that even though the median
SBP in each femoral pulse quality category was signifi-
cantly different, there was overlap of the SBPs between
each pulse quality category (Figure 1 and Table 2). This
overlap between pulse quality categories highlights that
pulse quality interpretation is highly subjective and may
depend on the level of experience of the clinician mak-
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Figure 1: Box and whiskers plot illustrating femoral pulse quality and systolic blood pressure prior to fluid therapy. The top of the
box is the first quartile, the bottom of the box is the third quartile, and the band inside the box is the median. Outliers are indicated as
dots. The median SBP for each femoral pulse quality category was significantly different when compared with all other femoral pulse

quality categories (P < 0.05). SBP, systolic blood pressure.

ing the assessment. In our study, there was a large num-
ber of different clinicians involved in pulse quality as-
sessments. Clinicians were not given specific criteria or
training in pulse quality assessment, were not blinded
to SBP, and the pulse quality scale was not assessed for
interrater or intrarater reliability. Therefore, a peripheral
pulse quality assessment should not be the only method
by which a patient is evaluated for abnormalities in per-
fusion; other perfusion parameters as well as a definitive
measurement of SBP should remain a part of the overall
patient evaluation.

The ROC analysis of dorsal metatarsal pulse quality
suggests that the physical examination finding of absent
metatarsal pulses is a good test for predicting hypoten-
sion with an area under the curve of 0.89. Using a cut-off
of 75 mm Hg for SBP, absent metatarsal pulses would
correctly identify hypotension in cats 84% of the time. In
our study, many cats still had metatarsal pulses palpable
when the SBP was < 90 mm Hg. This is in contrast to
the previous anecdotal statement that dorsal metatarsal
pulses are only palpable when the SBP is > 90 mm Hg.

Pulse palpation is also routinely recommended in
people as an assessment of circulatory status. However,
evidence in the human medical literature suggests pulse
palpation is unreliable as a predictor of hypotension
and cardiac arrest. Previously, the advanced trauma
life support (ATLS) course taught that if the carotid
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Table 2: Femoral pulse quality and median systolic blood
pressure

Femoral pulse quality Median SBP (range) P value
Absent 30 mm Hg (30105 mm Hg) 0.0022
Poor 64 mm Hg (30-240 mm Hg) < 0.0001
Moderate 107.5 mm Hg (78-160 mm Hg) 0.043
Strong 132.5 mm Hg (68-210 mm Hg) < 0.001

SBP, systolic blood pressure.

Table 3: Metatarsal pulse quality and median blood pressure

Metatarsal pulse quality Median SBP (range) P value
Absent 30 mm Hg (30-120 mm Hg) < 0.0001
Poor 80 mm Hg (30-140 mm Hg) 0.108
Moderate 110 mm Hg (78-160 mm Hg) 0.064
Strong 135 mm Hg (58-210 mm Hg) < 0.0001

SBP, systolic blood pressure.

pulse is palpable, the SBP is 60-70 mm Hg; if carotid
and femoral pulses are palpable, the SBP is 70-80
mm Hg; and if the radial pulse is also present the
SBP is > 80 mm Hg?® A study designed to assess
the accuracy of these guidelines found that although the
radial pulse was the first to disappear with progressive
hypotension followed by the femoral and then carotid
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Figure 2: ROC curve evaluating absent metatarsal pulses and Doppler blood pressure measurement. Numbers on the line reflect the
reciprocal of the SBP in mmHg. Area under the curve = 0.89 (confidence interval: 81%, 97%). ROC, receiver operator characteristics;

SBP, systolic blood pressure.

pulses, the ATLS guidelines generally overestimate SBP,
and therefore underestimate the degree of hypovolemia
present.® These SBP estimates by pulse palpation have
since been removed from the ATLS course.

It has been reported in children and infants with
10% volume depletion that the brachial pulse is of-
ten absent or severely reduced but groin pulse is
still present.!’ Our study results would similarly sup-
port that metatarsal pulses may be absent with severe
hypotension but femoral pulses are still palpable. Of the
23 cats with absent dorsal metatarsal pulses, only 8 of
these cats had concurrent absent femoral pulses with
the 15 remaining cats having palpable but poor femoral
pulses. The median SBP of the cats with both absent
metatarsal and femoral pulses was 30 mm Hg. In 5 of
these cats, an actual SBP measurement could not be ob-
tained, and for the purposes of the study these cats were
recorded as having a SBP of 30 mm Hg. There is a possi-
bility that this could have either over- or underestimated
these cats” actual blood pressures. Because the majority
of cats in this study had palpable femoral pulses, the
results of this study support the use of femoral over
metatarsal pulse palpation for evaluation of a heartbeat
and identification of cardiopulmonary arrest in cats pre-
senting to the hospital unresponsive. Interestingly, in a
study of hypotensive infants, palpation of the femoral
pulse was found to be more accurate in detecting a
heartbeat and counting heart rate when compared to
palpation of the brachial or carotid pulse sites.!! Future
prospective studies are needed to determine the utility of
peripheral pulse palpation to diagnose cardiopulmonary
arrest in animals. It must also be noted that femoral pulse
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palpation can sometimes be challenging in obese cats,
and in these cases dorsal metatarsal pulses may be eas-
ier to assess.

A limitation of this study is that the SBP measure-
ments were measured noninvasively. Although Doppler
blood pressure is thought to correlate best with the sys-
tolic blood pressure, some studies suggest that it may
slightly underestimate the systolic blood pressure, es-
pecially in hypotensive cats.!*™® In a study of anes-
thetized cats, Doppler blood pressure measurements
consistently underestimated SBP by 10-15 mm Hg and
the measurements more closely approximated mean ar-
terial pressure.'® It is speculated that due to the small
size of cats, the Doppler technique may not be sensi-
tive enough to detect the change in blood flow at the
systolic blood pressure.!* Therefore, there is a possibil-
ity that the blood pressure measurements taken in our
study were more reflective of mean arterial pressure than
of SBP, and the actual SBP of the cats in this study may
have been higher. However, the cats in the experimental
study were anesthetized, and so it is difficult to know
whether that study’s results apply to awake, sick cats
like the population used in this study. Interestingly, in
a study performed in ill conscious dogs, blood pres-
sures obtained via Doppler technique more accurately
predicted the direct SBP rather than the direct mean ar-
terial blood pressure.!” This investigation also found that
the blood pressures obtained via the Doppler technique
in hypotensive dogs tended to overestimate the true
SBP and could lead to underdiagnosis of hypotension.'”
Ideally, invasive blood pressure measurements would
have been used in this study, as they are recognized as
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the gold standard for blood pressure measurements in
veterinary patients. However, invasive blood pressure
measurements are technically challenging and not rou-
tinely performed in conscious cats; therefore, the use of
Doppler blood pressure measurements reflects what is
used routinely in clinical practice.

The blood pressure measurements in this study were
performed by experienced emergency service techni-
cians, and the location at which the SBP was obtained
was not standardized. A prospective study performed
on 22 cats evaluated the effect of operator experience
and the limb on which the SBP measurements were ob-
tained via the Doppler technique.! The results of that
study suggested that there was little variability on the
blood pressure obtained based on level of operator ex-
perience. The investigators also found no statistically
significant difference in SBP measured in the pelvic limb
versus the thoracic limb.f Given the results of that study,
the location where the SBP measurement was performed
in this study was unlikely to have influenced the results.
We also specifically excluded cats with aortic throm-
boembolism because of the discrepancy in blood flow
between the thoracic and pelvic limbs.

Despite these limitations, the results of this study sug-
gest that an assessment of peripheral pulse quality via
digital palpation by emergency room veterinarians may
provide predictive information about SBP in cats, espe-
cially in those with absent peripheral pulses. With pro-
gressive decreases in blood pressure, metatarsal pulses
disappear, and it is only with severe hypotension that
femoral pulses are absent. Dorsal metatarsal and femoral
pulse palpation are useful during the triage assessment
of cats presenting on an emergency basis to identify ab-
normalities in blood pressure.
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