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Abstract : The present study compared two indirect blood pressure methods at thoracic limb, pelvic limb, and coccygeal
sites. For measurement of blood pressure, 48 client-owned dogs in a clinical setting were used. When comparing the
results obtained by doppler and oscillometric methods, there were significant differences in blood pressure of the thoracic
and pelvic limbs. The Doppler machine produced significantly higher blood pressure value than oscillometry measured
at thoracic and pelvic limbs. The difference in blood pressure between the two methods was not significant when
measured in the tail. Comparison of blood pressure measured at three different sites by doppler, blood pressure measured
at pelvic limb was higher than at thoracic limb and tail. In case of oscillometry, there were no significant differences
between the three sites. The results of this study indicate that mechanical and positional differences were existed in
blood pressure measurements at the canine thoracic limb, pelvic limb and tail.
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Introduction

Systemic blood pressure measurement is an important tool

for diagnosis, treatment and prognosis of veterinary patients

(1,3). Reliable measurement of blood pressure in veterinary

patients would be a valuable clinical tool (6). Abnormalities

in systemic blood pressure have been associated with a vari-

ety of diseases in veterinary medicine. Systemic hypotension

can lead to tissue ischemia and injury during anesthesia, as

well as loss of extracellular fluid volume. Hypertension is

associated with underlying diseases, such as hyperadrenocor-

ticism, kidney disease, hypothyroidism, diabetes mellitus, and

idiopathic form (11,14,21). Systemic hypertension can result

in blindness, cardiovascular and neurologic complication,

and renal injury in dogs (8,22). 

Blood pressure can be measured in several ways. Non-

invasive (Indirect) and invasive (Direct) blood pressure mea-

surements both have advantages and disadvantages (2,11,15).

Invasive blood pressure measurements (direct), which mea-

sure by an intra-arterial catheter connected to a fluid-filled

pressure transducer system, are generally considered the gold

standard of blood pressure measurements (2,4,15), However,

the potential for infection and risk from anesthesia prevent its

use in the clinical practice. Indirect blood pressure measure-

ment methods are more widely used in clinical situations

than direct blood pressure measurements (7). Doppler and

oscillometric methods are commonly used in veterinary med-

icine to obtain indirect measurements. Oscillometric devices

use variations in amplitude of oscillations during compres-

sion of the arterial wall to estimate arterial pressure. Another

commonly used method is the ultrasonic doppler flow detec-

tor, which detects blood flow during external compression by

an inflatable cuff.

Several studies have evaluated indirect blood pressure mea-

surements in dogs. However, most have used anesthetized

animals to compare between direct and indirect measure-

ments (9,17,18,19), which is not indicative settings in the

clinical practice. A few studies have addressed this issue by

comparing indirect methods in a clinical setting (10,12,20).

The purpose of this study was to evaluate the oscillomet-

ric and doppler methods for systemic blood pressure mea-

surements in dogs in a clinical setting. In addition, we

evaluated the differences in blood pressure measurements

obtained from three different sites commonly used in veteri-

nary medicine. 

Materials and Methods

Animals

Forty-eight client-owned dogs at the Gyeongsang National

University Veterinary Hospital were enrolled in this study.

All 48 dogs were measured by the doppler method; how-

ever, only 27 dogs were measured using the oscillometic

method. For both methods, we obtained systolic blood pres-

sure at three different sites. Dogs on medication known to

impact blood pressure were excluded, as well as, anxious or

excited dogs (i.e.. non-cooperative patients).

Measurement of systolic blood pressure

An ultrasonic doppler flow detector (Model 812, Parks

Medical Electronics Inc., USA) or an oscillometric device

(Model 9401, Cardell Inc., USA) with an inflatable cuff
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detector (Welch Allyn, NY, USA) were used to measure sys-

tolic blood pressure. The doppler flow probe was placed in

the palmar of the thoracic limb (median artery), plantar of the

pelvic limb (metatarsal arteries), and tail (coccygeal artery).

An aqueous ultrasonic transmission gel (Eco gel 99, Seung

Won Medical Corp., Korea) was applied between the probe

and the skin. The occluding cuff was placed proximally to

the doppler flow probe. The pressure of the cuff was increased

until the flow signal disappeared, then the pressure was grad-

ually decreased. Systolic blood pressure was taken when the

first audible signal was detected, and measurements were

taken more than 5 times to calculate the average Systolic

blood pressure. After 5 min, the oscillometric device was

used to automatically measured systolic blood pressure at the

3 sites. For oscillometry readings, a cuff the same size and

measuring time was used as those used during the doppler

procedure. 

Statistical analysis

Statistical analysis was performed using the Statistical

Package for the Social Sciences (SPSS version 21.0; SPSS

Inc., IBM Corporation, USA) program. Data were expressed

as mean ± standard deviation (SD). A one-way ANOVA was

used to determine if there was a relationship between different

sites. A paired t-test was used to compare the blood pressure

values obtained by the 2 indirect blood pressure methods. For

all analyses, a value of less than 0.05 (P < 0.05) was consid-

ered statistically significant.

Results

Baseline characteristics of dogs

This retrospective study examined 48 dogs. Of the 48 dogs,

7 were intact females, 15 were spayed female, 11 were intact

males and 15 were castrated males. The breeds represent in

this study were varied. The mean age was 7.9 years (stan-

dard deviation [SD]; 3.4 years range, of 2-15 years) and the

mean body weight was 7.9 kg (SD, 5.2 kg; range, 2-25 kg).

The doppler method was able to measure blood pressure in

all dogs (100%), while the oscillometric method was only

successful in 27/48 dogs (56%).

Comparison of doppler and ocillometric methods

Comparisons of 2 indirect blood pressure measurements at

3 different sites are shown in Table 1. Statistical differences

in blood pressure of thoracic limb, Pelvic limb and tail

among groups are described in Table 1. There were statisti-

cally significant differences in blood pressure of the thoracic

and pelvic limbs. The mean ± SD of thoracic limb and pel-

vic limb blood pressure using the doppler method were 138.4

± 4.176 mmHg and 148.9 ± 3.959 mmHg, respectively. These

values were significantly higher than those obtained by the

oscillometric method for the same body sites (127.6 ± 2.902,

[P = 0.01] and 133.1 ± 2.708 [P = 0.0021], respectively). The

difference in blood pressure between the two methods was

not significant when measured in the tail.

The comparison of systolic blood pressure measured

at three different sites

1. The comparison of blood pressure measured by doppler

method at 3 sites.

Results of mean ± SD of blood pressure measures obtained

by Doppler method are shown in Table 2. Statistical differ-

ences in measures of 3 sites are described in Table 2. The

mean pelvic limb blood pressure by the doppler method

(149.8 ± 2.766 mmHg) was higher than at the thoracic limb

(139.4 ± 3.328 mmHg, P = 0.03) and tail (134.7 ± 2.995 mmHg,

P = 0.004) sites. There was no difference between the blood

pressure measured in the thoracic limb and tail.

2. The comparison of blood pressure measured by oscillo-

metric method at 3 sites.

Results of mean ± SD of blood pressure measures obtained

by oscillometric method are shown in Table 3. Statistical dif-

ferences in measures of 3 sites are described in Table 3.

There were no statistically significant differences between

the three sites.

Discussion

Measurement of blood pressure is a valuable clinical tool

in veterinary medicine for the identification systemic hyper-

tension (21). There are several ways to measure blood pressure

in veterinary medicine. Although direct methods for measur-

ing blood pressure are reliable, the procedures are invasive,

Table 1. Blood pressure measurement obtained by doppler and
oscillometric method in 3 different sites

Doppler Oscillometry

Sites Mean (± standard deviation)

Thoracic limb (n = 27) 138.4 ± 4.176 127.6 ± 2.902

Pelvic limb (n = 27) 148.9 ± 3.959* 133.1 ± 2.708**

Tail (n = 17) 133.9 ± 4.338 133.164 ± 2.241

(*p value < 0.05, Pelvic limb versus Thoracic limb in Doppler, and
**p value < 0.05, Pelvic limb versus Thoracic limb in Oscillometry).

Table 2. Blood pressure measurement obtained at 3 different
sites by Doppler method

Doppler

Sites Mean (± standard deviation)

Thoracic limb (n = 48) 139.4 ± 3.328

Pelvic limb (n = 48) 149.8 ± 2.766*

Tail (n = 31) 134.7 ± 2.995

(*p value < 0.05, Pelvic limb versus Thoracic limb, and Pelvic limb
versus Tail).

Table 3. Blood pressure measurement at 3 different sites by
oscillometric device

Doppler

Sites Mean (± standard deviation)

Thoracic limb (n = 27) 127.5 ± 2.902

Pelvic limb (n = 27) 133.4 ± 2.733

Tail (n = 17) 133.1 ± 2.241
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technically difficult, and have the potential for complications

and artifact (4). For this reason, indirect blood pressure meth-

ods are preferable. Previous studies have compared indirect

and direct methods in anesthetized or sedated patients. There

are only few studies comparing blood pressure measurement

in the clinical settings (12,20). In this study, blood pressure

was measured in the clinic by 2 indirect methods the three

mostly widely used sites.

Comparing thoracic limb, pelvic limb and tail site, systolic

blood pressure was measured at 3 sites for 5 consecutive

times by Doppler and oscillometric method. By the doppler

method, blood pressure in the pelvic limb sites was signifi-

cantly higher than in the thoracic (P = 0.03) or tail (P = 0.004).

Blood pressure values in pelvic limb was approximately 10

mmHg higher than in the fore limb and 15 mmHg higher

than in the tail. However, blood pressure levels measured by

oscillometric methods were consistent across the three sites.

Previous study, showed differences between the thoracic and

pelvic limbs (4). Most of previous studies have used anesthe-

sia or sedation. In a conscious patient, blood pressure mea-

surements are technically difficult and have the potential for

complications and artifacts. In this study, movement of anxi-

ety of the patient could have altered results. Humans are most

uncomfortable when blood pressure is measured in the calf

compared with the arm or ankle; this led to higher blood

pressure values (16). In this study, blood pressure in the pelvic

limb by the doppler method was significantly higher than

other sites. This should be noted when measuring blood pres-

sure of conscious patients, as discomfort likely played a role

in the elevated values. 

The present study examined 48 dogs. Of the 48 dogs, 11

dogs were heavier than 10 kilograms (> 10 kg) and 36 dogs

were less than 10 kilograms (< 10 kg). There was no differ-

ence in blood pressure between the two weight groups; addi-

tionally, there were no differences by sex (i.e., male, female),

age (i.e., geriatric, adult), breed (i.e., large, small).

In this study, blood pressure values were only able to mea-

sure using the oscillometric machine in 56% of all patients.

In contrast, Attempts with doppler machine were successful

in all attempts. In previous study, the oscillometric machine

did not always require the attempts of obtaining blood pres-

sure (13). They were successful in 52% of attempts of blood

pressure measurement by oscillometric machine. Shivering

or other movements by conscious patients could interfere

with the accuracy of the machine. Blood pressure readings

obtained during these instances may result in inaccurate val-

ues. Compared with the doppler method, the oscillometric

method requires minimal skills and does not rely on operator

interpretation. However, measurements of blood pressure

were recommended using more than one method to obtain

the most accurate results.

Blood pressure measured by the doppler was higher than

that measured by the oscillometric method at the pelvic and

thoracic limbs (P = 0.021 and P = 0.01, respectively); there

was no difference in the tail measurements. These results are

congruent with previous study (12). In one study, systolic

blood pressure levels obtained by Doppler method at thoracic

limb were approximately 18 mmHg higher than those obtained

by the oscillometric method. In this study, blood pressure

levels at the pelvic limb obtained by doppler method were

approximately 15 mmHg higher than those obtained by the

oscillometric method, while the values were 11 mmHg higher

in the thoracic limb. Thus, a different reference range should

be established for each method when measuring at the tho-

racic and pelvic limbs, as the oscillometric device may

underestimate blood pressure.

There were a number of limitations to this study including

the small population size, multiple examiners, the limited

number of blood pressure machines, and the comparison bet-

ween disease groups. For all patients, 2 assistants helped 1

examiner. For precise readings, blood pressure should be

measured on 2 separate occasions by 2 or more examiners. In

this study, all dogs were measured by two machines. High

definition oscillometry, which improves upon the existing

ocillometric machine, could reduce the time for blood pres-

sure measurements by the oscillometric method.

The present study reported mechanical and positional dif-

ferences in blood pressure measurements at the canine tho-

racic limb, pelvic limb and tail. The oscillometric method

could be underestimating the systolic blood pressure measur-

ing at the thoracic and pelvic limbs. The tail produced mea-

surements that were consistent between two methods. In case

of monitoring the canine blood pressure regularly, assess-

ment in the tail site of patient is recommended.

References

1. Acierno MJ, Mary AL. Hypertension in renal disease: diagnosis

and treatment. Clin Tech Small Anim Pract 2005; 20: 23-30.

2. Acierno MJ, Domingues ME, Ramos SJ, Shelby, AM, da

Cunha AF. Comparison of directly measured arterial blood

pressure at various anatomic locations in anesthetized dogs.

Am J Vet Res 2015; 76: 266-271.

3. Atkins C, Bonagura J, Ettinger S, Fox P, Gordon S, Haggstrom

J, Hamlin R, Keene B, Luis-Fuentes V, Stepien R. Guide-

lines for the diagnosis and treatment of canine chronic

valvular heart disease. J Vet Intern Med 2009; 23: 1142-1150.

4. Bodey AR, Michell AR, Bovee KC, Buranakurl C, Garg T.

Comparison of direct and indirect (oscillometric) measure-

ments of arterial blood pressure in conscious dogs. Res Vet

Sci 1996; 61: 17-21.

5. Bosiack, AP, Mann FA, Dodam JR, Wagner-Mann CC,

Branson KR. Comparison of ultrasonic doppler flow monitor,

oscillometric, and direct arterial blood pressure measurements

in ill dogs. J Vet Emerg Crit Care 2010; 20: 207-215.

6. Brown S, Atkins C, Bagley R. Guidelines for the identifi-

cation, evaluation, and management of systemic hypertension

in dogs and cats. J Vet Intern Med 2007; 21: 542-558.

7. Chalifoux A, Dallaire A, Blais D, Lariviere N, Pelletier N.

Evaluation of the arterial blood pressure of dogs by two

noninvasive methods. Can J Comp Med 1985; 49: 419-423.

8. Chetboul V, Tissier R, Gouni V, de Almeida V, Lefebvre HP,

Concordet D, Jamet N, Sampedrano CC, Serres F, Pouchelon

JL. Comparison of doppler ultrasonography and high-

definition oscillometry for blood pressure measurements in

healthy awake dogs. Am J Vet Res 2010; 71: 766-772.

9. Finco DR. Association of systemic hypertension with renal

injury in dogs with induced renal failure. J Vet Intern Med

2004; 18: 289-294.

10. Garofalo NA, Teixeira FJ, Neto RK, de Oliveira FA, Pignaton

W, Pinheiro RT. Agreement between direct, oscillometric



324 Ho-min Gang, Joong-Hyun Song, Kyu-Woan Cho and Dong-In Jung

and doppler ultrasound blood pressures using three different

cuff positions in anesthetized dogs. Vet Anaesth Analg 2012;

39: 324-334.

11. Gouni V, Tissier R, Misbach C, Balouka D, Bueno H,

Pouchelon JL, Lefebvre H P, Chetboul V. Influence of the

observer's level of experience on systolic and diastolic

arterial blood pressure measurements using doppler ultrasono-

graphy in healthy conscious cats. J Feline Med Surg 2015;

17: 94-100.

12. Hsiang TY, Lien YH, Huang HP. Indirect measurement of

systemic blood pressure in conscious dogs in a clinical

setting. J Vet Med Sci 2008; 70: 449-453.

13. Jepson RE, Hartley V, Mendl, Caney SM, Gould DJ. A com-

parison of cat doppler and oscillometric memoprint machines

for non-invasive blood pressure measurement in conscious

cats. J Feline Med Surg 2005; 7: 147-152.

14. Mishina M, Watanabe T. Development of hypertension and

effects of benazepril hydrochloride in a canine remnant

kidney model of chronic renal failure. J Vet Med Sci 2008;

70: 455-460.

15. Mishina M, Watanabe T, Fujii K, Maeda H, Wakao Y,

Takahashi M. A clinical evaluation of blood pressure through

non-invasive measurement using the oscillometric procedure

in conscious dogs. J Vet Med Sci 1997; 59: 989-993.

16. Moore C, Dobson A, Kinagi M, Dillon B. Comparison of

blood pressure measured at the arm, ankle and calf. Anaes-

thesia 2008; 63: 1327-1331.

17. Petric AD, Petra Z, Jemeja S, Alenka S. Comparison of

high definition oscillometric and doppler ultrasonic devices

for measuring blood pressure in anaesthetised cats. J Feline

Med Surg 2010; 12: 731-737.

18. Rysnik MK, Cripps P, Iff I. 2013. A clinical comparison

between a non-invasive blood pressure monitor using high

definition oscillometry (memodiagnostic md 15/90 pro) and

invasive arterial blood pressure measurement in anaesthetized

dogs. Vet Anaesth Analg 2013; 40: 503-511.

19. Seliskar AP, Zrimsek J, Petric AD. Comparison of high

definition oscillometric and doppler ultrasound devices with

invasive blood pressure in anaesthetized dogs. Vet Anaesth

Analg 2013; 40: 21-27.

20. Stepien RL, Rapoport GS, Henik RA, Wenholz L, Thomas

CB. Comparative diagnostic test characteristics of oscillometric

and doppler ultrasonographic methods in the detection of

systolic hypertension in dogs. J Vet Intern Med 2003; 17:

65-72.

21. Tranquilli WJ, Thurmon JC, Grimm KA. Monitoring anes-

thetized patients. In: Lumb & Jones’ Veterinary Anesthesia

and Analgesia, 4th ed. Blackwell Publishing: Haskins SC.

2007: 533-558.

22. Wehner A, Hartmann K, Hirschberger J. Associations between

proteinuria, systemic hypertension and glomerular filtration

rate in dogs with renal and non-renal diseases. Vet Rec

2008; 162: 141-147. 


