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ABSTRACT

Present clinical study was conducted in 170 apparently healthy dogs for monitoring of blood pressure (Systolic Arterial
Pressure: SAP, Diastolic Arterial Pressure: DAP and Mean Arterial Pressure: MAP) by non-invasive (indirect) technique using
a high definition oscillometric method. Blood pressure was measured in calm animals in lateral recumbency using appropriate
size cuffs placed around the median artery of distal forelimb. The average of at least five measurements from each dog was
recorded as the final blood pressure. Among breeds, higher SAP, MAP and DAP was recorded in Grey hound. Blood pressure
was not influenced by age and sex. End organ risk categorization using value of systolic blood pressure revealed that out of 170
dogs, 42.35%, 20.59%, 31.18% and 5.88% dogs were at minimum risk, mild risk, moderate risk and severe risk respectively.
Routine blood pressure monitoring using high definition oscillometer could be helpful in preventing cardiac and renal diseases

by assessing end organ risk categorization.

HIGHLIGHTS:

© Blood pressure in Grey hounds breed was higher as compared to other breeds.
@ Prevalence of severe hypertension was 5.88% and it was not influenced by age and sex in healthy dogs.
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Blood pressure (BP) is the force that blood exerts
against any area of the arterial wall, generally measured
in mmHg (Brown et al., 2007). Systemic arterial BP
can be divided into 3 components: systolic arterial BP,
mean arterial BP, and diastolic arterial BP. Arterial blood
pressure is a common parameter evaluated in conscious
and anesthetized animals for assessing the cardiovascular
status of an animal and monitoring of disorders such
as heart disease, renal disease, and endocrinopathies
(Skelding and Valverde, 2020). Although, direct blood
pressure measurement (invasive method) is considered
as the gold standard method, but it is not convenient in
routine clinical practice (Stepien and Rapoport, 1999); so
the indirect technique using an oscillometer (non-invasive)
makes routine clinical blood pressure measurement
practicable in dogs.

High definition oscillometric BP monitors introduce a
new technology for non-invasive measurement of arterial
BP which can measure BP more accurately than standard
oscillometry (Egner, 2015). It has been evaluated in a
few veterinary species like anaesthetized dogs, horse and
cheetah (Seliskar et al., 2013; Tunsmeyer et al., 2015,
Cassia et al., 2015); but studies are lacking in awakened
dogs. So, keeping this in view, present study was planned
with objective of blood pressure measurement using high
definition oscillometric method in apparently healthy
conscious dogs.
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MATERIALS AND METHODS

The present study was undertaken in Department of
Veterinary Medicine at Multispecialty Veterinary Hospital
Guru Angad Dev Veterinary and Animal Sciences
University, Ludhiana and approved by the Institutional
Animal Ethics Committee (IAEC), Guru Angad Dev
Veterinary and Animal Sciences University (GADVASU),
Ludhiana, Punjab India (GADVASU/2020/IAEC/53/07).
The study was conducted to record blood pressure in
apparently healthy conscious dogs of different breeds
presented for general routine check-up. A detailed history
regarding age, sex, breed etc. was recorded and thorough
clinical examination was done. The blood pressure of dogs
was measured using high definition oscillometric method
(Vet HDO monitor) as per the protocol of American
College of Veterinary Internal Medicine (ACVIM)
suggested by panel of expert (Acierno et al., 2018). Dogs
were gently restrained and the dogs showing obvious signs
of stress were excluded from analysis. Blood pressure
was measured after the animal was placed in lateral
recumbency and acclimatization of the animal in the blood
pressure monitoring room for at least 10-15 minutes. Cuffs
of different sizes according to circumference of animal’s
distal forelimb (40 % of the diameter) were selected and
blood pressure measurements were taken from the distal
forelimb from the median artery. The average of at least
five measurements from each dog was recorded as the
final blood pressure.

The apparently healthy dogs (n=170) were grouped
according to the age into 3 groups, group 1 (1 to 4 years,
n=48), group 2 (4 to 8 years, n=96), group 3 (>8 years,
n=26). According to sex, 124 male and 46 female were
included in this study. The 170 apparently healthy dogs
were also classified according to breed that included both
large and small breeds. Among large breeds, Labradors
(n=87) Pit Bull (n=14), German shepherd (n=12), Grey
hound (n=4), Golden retriever (n=3), Rottweiler (n=2) and
Saint Bernard (n=2) and among small breeds, Pugs (n=26)
Pomeranian (n=8), Dachshund (n=4), Cocker spaniel
(n=2), Beagle (n=2) and mixed breed (n=4) were included
in this study.

Hypertension (HTN) was diagnosed based on the
guidelines of ACVIM (Acierno et al., 2018) as follows:
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Systolic Diastolic Risk of end
Risk Level Pressure Pressure organ
(mm Hg) (mm Hg) damage
1 <150 <95 Minimal
2 150-159 95-99 Mild
3 160-179 100-119 Moderate
4 >180 >120 Severe

The statistical analysis was done using SAS version 9.3
computer software with the help of ANOVA (General
Linear Model).

RESULTS AND DISCUSSION

Breed-wise blood pressure monitoring of apparently
healthy dogs

In this study, no significant difference was observed in
the mean values of SAP, DAP and MAP among all breeds
(Table 1). In Labrador, the overall mean SAP, DAP and
MAP was recorded as 157.61+1.61, 92.30+1.44 and
116.58+1.34 mm Hg, respectively, while in Pug dogs,
the overall mean SAP, DAP and MAP was recorded as
150.55+£3.27, 85.96+£3.16 and 108.65+3.25 mm Hg,
respectively (Table 1). In Grey hounds, the mean values
of SAP, DAP and MAP was higher (statistically non-
significant, p<0.01) as compared to other breeds and
value of mean SAP, DAP and MAP were 175.25+9.56,
92.75+6.76 and 118.10+6.87 mm Hg, respectively.

Bodey and Mitchell (1996) recorded SAP and DAP
in Labrador, German shepherd and Pomeranian as
118£17, 66£13; 132+13, 754+10; 13612, 7613 mm
Hg, respectively. They also found that the blood pressure
of breeds other than Sight hounds vary by 7-10 mm
Hg. The present study findings were in agreement with
Singla (2015), who reported that there was no significant
difference in SAP, DAP and MAP mean values among the
Labrador, German shepherd and Pomeranian dogs.

Findings of present study were in accordance with
Schneider et al. (1964), who reported that healthy sight
hounds (Grey hounds) have a higher normal range of
blood pressure, which might be upto 15 mm higher
than other breeds, as alterations in the RAAS and lower
aldosterone concentration in Greyhounds are associated
with hemodynamic and clinicopathologic differences
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Table 1: Breed-wise blood pressure monitoring of apparently healthy dogs (Mean = SE)

Breed (n=170) SAP (mm Hg) DAP (mm Hg) MAP (mm Hg)
Labrador (n=87) 157.61 + 1.61 92.30+ 1.44 116.58 + 1.34
Pug (n=26) 150.55 +3.27 85.96 £3.16 108.65 +3.25
Pit Bull (n=14) 149.09 + 3.48 86.79 +2.86 111.29+2.93
German Shepherd (n=12) 150.60 + 4.05 87.90 +£3.53 111.47 +£2.65
Pomeranian (n=8) 151.73 +5.11 81.25+2.94 106.88 +3.13
Dachshund (n=4) 161.85+11.18 92.85+9.56 120.05 +8.71
Grey hound (n=4) 175.25+9.56 92.75 +6.76 118.10 £ 6.87
Golden retriever (n=3) 161.73 £7.90 89.40 £ 6.31 117.53 £7.58
Cocker spaniel (n=2) 152.40 +21.00 81.70 = 8.30 106.30 +12.50
Rottweiler (n=2) 152.90 +7.30 93.90 +15.50 11390+ 11.10
Beagle (n=2) 154.10 £9.30 90.20 + 5.80 113.10+7.10
Saint Bernard (n=2) 166.30 + 11.70 95.10 +1.30 119.60 = 4.00
Miscellaneous (n=4) 151.25+7.36 82.05+1.95 107.20 +3.19

which leads to higher serum sodium concentration and
blood pressure, suggesting that angiotensin II effects in
the renal tubule predominate over those of aldosterone
(Martinez et al., 2017).

Age-wise blood pressure monitoring in apparently
healthy dogs

Age-wise (Mean = SE), SAP, DAP, and MAP are depicted
in table 2. In present study, the differences in blood
pressureamong various age groups did not show any
significant difference

Table 2: Age-wise blood pressure monitoring in apparently
healthy dogs (Mean + SE)

Age (n=170) IS-I:;’ (mm of :));A;g()mm les-l}; )(mm

1-4 years (n=48)  152.48+2.31 87.56+1.93  110.68+1.89
4-8 years (n=96)  156.77+1.63  89.61£1.37 114.46+1.33
>8 years (n=26) 157.544£3.14  93.86+2.63 117.60+2.56

Systemic hypertension occurs frequently in the aging
population in humans. The prevalence of hypertension
increases with age and is thought to be due to an
age-related loss of arterial compliance secondary to
progressive decreases in the distensibility and elasticity
of the large capacitance arteries (Oliveros et al., 2020).
But, systemic hypertension does not occur secondary
to the aging process in the dogs as reported by various
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workers (Meurs et al., 2000; Mishina et al., 1997; Perez-
Sanchez et al., 2015). Whereas, Bodey and Michell (1996)
reported higher systolic blood pressure (SBP) in older age
group. In their study, no attempts were made to screen the
participating animals for underlying disease such as renal
and heart diseases. Since, these disease processes can be
chronic and may have long asymptomatic periods, it is
possible that the geriatric dogs in that study might have had
elevated blood pressures due to undiagnosed, underlying
disease processes that led to systemic hypertension.

Sex-wise blood pressure monitoring in apparently
healthy dogs

The overall mean SAP, DAP and MAP of male dogs
were 155+1.44, 88.65+1.17 and 112.84£1.18 mm Hg,
respectively, while in female dogs, the overall mean
SAP, DAP and MAP were 157.50+2.36, 92.47+2.13 and
116.66+£1.93 mm Hg, respectively. In present study, the
differences in blood pressure between the male and female
were statistically non-significant.

Bodey and Michell (1996) reported higher systolic blood
pressure (SBP) in intact male dogs as compared to neutered
male dogs and intact bitches. Similarly, in human beings,
males are more prone for hypertension than females.
Observed gender differences in hypertension, which
exist in human and animal populations, are due to both
biological and behavioral factors (Sandberg and Ji, 2012).
The biological factors include sex hormones, chromosomal
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differences, and other biological sex differences that are
protective against hypertension in female. Behavioral risk
factors for hypertension include high body mass index
(BMI) and low physical activity (Everett and Zajacova,
2015).

The present study findings are in agreement with Perez-
Sanchez et al. (2015) and Singla (2015) who reported
that a correlation between gonadal statuses and HTN was
not evident in their study. The data presented here would
appear to be higher to data presented in the study of Singla
(2015) who reported mean SAP (131+1.85 mm Hg), DAP
(74+1.43 mm Hg) and MAP (93£1.69 mm Hg) in male
dogs and mean SAP (130+2.35 mm Hg), DAP (75+2.49
mm Hg) and MAP (93+2.16 mm Hg) in female. The
differences in blood pressure in healthy dogs might be
due to the use of standard oscillometer (Surgivet V60046)
in their study, which utilizes algorithms to compute
systolic and diastolic arterial BP, whereas high definition
oscillometry used in present study, directly measures
systolic, mean, and diastolic arterial BP values.

Risk-wise categorization of target organ damage in
apparently healthy dogs

The results of percentage risk-wise categorization in 170
apparently healthy dogs are shown in table 3. According
to the Hypertension consensus panel, American College
of Veterinary Internal Medicine recommendations for the
classification of patients as per risk of end organ damage
on the basis of SAP, 72/170 (42.35%) dogs with mean
SAP (141.34+1.02) were at the category of minimal risk,
35/170 (20.59%) dogs with mean SAP (155.58+1.10)
were at mild risk category, 53/170 (31.18%) dogs with
mean SAP (169.11+0.86) were at moderate risk category

and 10/170 (5.88%) with mean SAP (186.38+1.98) dogs
were at severe risk.

Diastolic blood pressure-wise risk categorization revealed
that 114/170 (67.06%) dogs with mean DAP (85.04+0.88)
were at the minimal risk category, 23/170 (13.53%) dogs
with mean DAP (99.76+1.47) were at mild risk, 30/170
(17.65%) dogs with mean DAP (108.64+1.25) were at
moderate risk and 3/170 (1.76%) dogs with mean DAP
(119.70+0.10) were at severe risk category.

Remillard et al. (1991) observed 10% prevalence of
hypertension in apparently healthy dogs. Bodey and
Michell (1996) reported that dogs are resistant to the
development of primary hypertension. Brown et al.
(2007) stated that high blood pressure in otherwise
animals, particularly young animals, should be assumed
to be white coat effect until and unless proven otherwise.
Singla (2015) reported that 93/110 (84.5%) dogs were
in minimal risk category, 14/110 (12.72%) dogs were in
mild risk category and 3/110 (2.72%) were in moderate
risk category and none of the dogs in severe risk category.
The findings of present study revealed 5.88% prevalence
of severe hypertension among apparently healthy dogs.
The possible reason might be the presence of some
overweight/obese dogs along with normal weight dogs in
this study. Montoya et al. (2006) suggested that weight
status must be considered as a risk factor for secondary
hypertension. Tropf et al. (2017) observed increased
median SBP (160 mm Hg) in obese dogs as compared
with lean dogs (145 mm Hg) and higher frequency of
HTN in obese patients. The mechanisms by which obesity
causes HTN are complex and involve several organic
mechanisms such as: activation of the renin-angiontensin-
aldosterone system (RAAS), an increase in the activity
of the sympathetic nervous system (Perez-Sanchez et

Table 3: Percentage risk-wise categorization of blood pressure in apparently healthy dogs (Mean + SE)

SAP
Risk category Minimal risk (<150 mm  Mild risk (150-159 mm Moderate risk (160-179  Severe risk (> 179 mm of
(n=170) of Hg) (n=72) of Hg) (n=35) mm of Hg) (n=53) Hg) (n=10)
SAP 42.35% 20.59% 31.18% 5.88%
DAP
Risk category Minimal risk (<95 mm Mild risk (95-99 mm of  Moderate risk (100- Severe risk (> 119 mm of
(n=170) of Hg) (n=114) Hg) (n=23) 119mm of Hg) (n=30) Hg) (n=3)
DAP 67.06% 13.53% 17.65% 1.76%
640 Journal of Animal Research: v. 11, n. 4, August 2021
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al., 2015). The mechanisms that are responsible for an
increased sympathetic activity in obesity include impaired
function of the baroreceptor sensitivity, increased levels of
circulating free-fatty acids (FFAs), angiotensin (Ang) II,
insulin and leptin (Kotsis et al., 2010).

CONCLUSION

It can be concluded that high definition oscillometer
is a useful non-invasive technique for blood pressure
monitoring in dogs for routine clinical practice. Grey
hound breed dogs have higher SAP, DAP and MAP. There
is no effect of age and gender on blood pressure in dogs.
According to hypertension risk, only 5.88% healthy dogs
are at severe risk category.
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