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Introduction
Systemic arterial hypertension, which is defined as a 
sustained increase in systemic arterial blood pressure 
(BP), has been increasingly recognised in canine and, 
most of all, feline veterinary medicine during the last 20 
years, either as a complication of various common sys-
temic diseases, such as chronic kidney diseases1–7 and 
endocrinopathies (eg, hyperthyroidism, primary hyper-
aldosteronism, diabetes mellitus, hyperadrenocorti-
cism), or as idiopathic hypertension, also called primary 
or essential hypertension.7–15

Systemic arterial hypertension, in both dogs and cats, 
and similarly to humans, has been shown to cause irre-
versible damage to target organs, including lesions of 
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the kidneys, the eyes, the cardiovascular and central 
nervous systems.16–22 Therefore, repeatable and repro-
ducible BP measurement is of great importance to iden-
tify hypertensive animals and for long-term monitoring 
of antihypertensive therapy in both clinical practice and 
clinical trials.23–29 Careful, routine BP measurement is 
also recommended by some authors in order to screen 
middle-aged to older cats, even if overtly normal, for 
early detection of those at risk for target organ damage.3 
However, obtaining repeatable and reproducible BP 
measurements may sometimes represent a technical 
challenge, particularly in cats and most of all when the 
animals are anxious or uncooperative.3

Arterial BP can be directly measured by intra-arterial 
means or indirectly by devices that incorporate a com-
pressive cuff. At the present time, indirect devices are the 
most commonly used in clinical practice because of their 
noninvasive aspect.1 In the consensus statement of the 
American College of Veterinary Internal Medicine 
(ACVIM) on the identification, evaluation and manage-
ment of systemic hypertension in dogs and cats, the 
authors propose both Doppler ultrasonography (DU) 
and oscillometry or high-definition oscillometry as reli-
able indirect techniques for BP measurement in small 
animals,1 even if they emphasise the lack of standardised 
procedures for the validation of BP measuring devices. 
According to these ACVIM guidelines and whatever the 
method used, a well-defined standard protocol involv-
ing suitably trained observers should be followed 
because technical errors associated with personnel inex-
perience are major causes of unreliable BP measure-
ments.1 However, to the best of our knowledge, a precise 
definition of appropriate experience has never been 
established, and the within- and between-day variability 
of BP measurements according to the level of experience 
has been evaluated only in the awake dog,30 but not in 
the cat, although several studies have focused on indi-
rect BP measurements in both anaesthetised and con-
scious animals in this species.31–36

The aims of this prospective study were therefore to 
(1) determine the influence of the observer’s experience 
on the within- (repeatability) and between-day (repro-
ducibility) variability, and on the percentage of success-
ful systolic (SAP) and diastolic (DAP) BP measurements 
obtained using DU in healthy, awake cats; and to (2) 
assess the consequence of the observer-dependent vari-
ability on the minimum number of animals required to 
detect a treatment-associated difference in a clinical trial.

Materials and methods
Animals
Six intact healthy cats (median age 0.9 years [range 0.6–
3.9 years]; median weight 3.8 kg [range 2.8–5.0 kg])—
four Siamese (three females and one male) and two 
domestic shorthairs (two males) from a feline cohort at 

the National Veterinary School of Alfort—were used, 
and procedures were conducted in accordance with 
guidelines established by the National Institute of Health 
Guide for the Care and Use of Laboratory Animals. The 
cats were considered healthy on the basis of the results of 
a complete clinical examination, electrocardiography 
and conventional echocardiography performed before 
inclusion in the study. The cats were not familiar with 
the investigators or the BP measurement procedure.

BP measurements
An indirect measurement of BP was carefully obtained 
in conscious cats by use of a standardised method of the 
general technical protocol recommended for a BP meas-
urement session by the ACVIM consensus statement,1 
and as previously described in the dog by our group.30 
The same DU device (811-BL; Parks Medical Electronics) 
was used throughout the study. Stress and anxiety were 
reduced as much as possible by performing all BP meas-
urements in the same isolated quiet room and allowing 
the animals a 10-min period of acclimatisation each day 
before starting the measurements.1 The cats were gently 
restrained in the most comfortable position (right, left 
lateral or sternal recumbency), and an appropriately 
sized inflatable cuff (Soft-cuf, Ref 2525, 4–8 cm; Parks 
Medical Electronics) was placed on the tail.1 Coupling 
gel was applied between the 8-MHz probe and the skin 
to improve contact. The hair was not clipped before plac-
ing the probe. As described,33 the sound volume of the 
Doppler device was adjusted to obtain a clearly audible 
signal. The cuff was manually inflated until the pulse 
signal was no longer audible and was then gradually 
deflated. The BP (read on the manometer) at which the 
audible pulse signal was again detected was considered 
to be the SAP. The cuff was further deflated until a 
change in tone of the flow sound was detected, which 
was recorded as the DAP.

In accordance with the ACVIM consensus statement,1 
several consecutive BP measurements were done during 
each session to obtain a stable set of five values; the mean 
was used for the statistical analyses. Observers could 
choose to discard the first values if they were considered 
abnormally high and anxiety-induced.1 The time 
required to obtain the BP measurements, from cuff place-
ment to end of recording of the five consecutive con-
served BP values, was recorded by another person.

Observers
Four observers from the National Veterinary School of 
Alfort with different levels of experience were involved 
in the study. Observer 1 (HB) was a fifth-year student 
with only 1 h of training in BP measurements before 
starting the study. Observer 2 (DB) was a cardiology 
assistant who had undergone the same training as 
observer 1, but had also done some occasional BP 



96	 Journal of Feline Medicine and Surgery 17(2)

measurements during his year as an assistant. Observer 
3 (CM) was a PhD student in cardiology who had been 
performing daily BP measurements using DU for 3 
years. Observer 4 (VG) was a Diplomate ECVIM-CA 
(Cardiology) with 8 years of experience in BP measure-
ments, and was therefore considered as the reference 
observer.

Assessment of within- and between-day intra- and 
interobserver variability
All BP measurements were randomised (for the order of 
examinations, cats and investigators were randomly 
drawn). The same cat could not be used for two consecu-
tive BP measurements.

The study was performed on four different days over 
a 2-week period. Each day, each observer (n = 4) took 
three BP measurements for three cats. Therefore, 36 BP 
measurements per day were obtained, representing a 
total of 144 BP measurements for the whole 4-day study 
period (ie, 720 BP recordings because each BP value used 
for the statistical analysis was the mean of five consecu-
tive values). Each observer was blinded to the BP values 
recorded by the other three observers.

Statistical analysis
Data are expressed as median and minimum–maximum 
values. Systat (Systat, version 10.0; SPSS) was used to 
perform the statistical analysis as previously described.37 
The following linear model was used for each observer 
and each BP measurement:

Y    day  cat  day  cat  ijkl j k jk ijkl= + + + ( ) +µ ε*

where Yijkl is the first value measured for cat k on day j by 
observer i; μ is the general mean; catk is the differential 
effect (considered as fixed) of cat k; (day * cat)jk is the 
interaction term between day and cat; and εijkl is the 
model error. The SD of repeatability was determined 
from the residual SD of the model and the SD of repro-
ducibility from the square root of the mean square of 
day.

Any interaction between cat and operator was deter-
mined using the following general linear model:

Y    Ob  day  cat  

Ob  cat  day  cat  

ijkl i j k

ik jk

= + + + +

( ) + ( ) +

µ

ε* * iijkl

where Yijkl is the first value measured for cat k on day j 
by observer i; μ is the general mean; Obi is the differen-
tial effect (considered as fixed) of observer i; catk is the 
differential effect of cat k; (Ob * cat)ik is the interaction 
term between observer and cat; (day * cat)jk is the inter-
action term between day and cat; and εijkl is the model 
error. A similar general linear model was used to deter-
mine the observer effect on the time taken to measure 
BP for each technique. The level of significance was set 
at P <0.05.

The minimum number (n) of cats per group required 
to detect a difference of absolute value (Δ) between two 
groups with different treatments was determined 
according to the intra-(SDintra) and inter-day (SDinter) var-
iability using the following equation, as previously 
described:37

n  2 SD  SD2
2 2

intra
2

inter
2= + +( )( ) / ,/ε εα β ∆

where α, the type I error of the test is set at 5%; εα/2 is the 
quantile α/2 of the standard Gaussian distribution; and 
β, the type II error of the test, is set at 20%.

Results
Median and ranges of repeated SAP and DAP values 
measured by the reference observer (observer 4) are 
reported in Table 1. Table 2 shows the number of success-
ful SAP and DAP measurements, as well as the time 
taken for each observer to obtain the BP measurements. 
The within- and between-day coefficients of variation 
(CVs) and the corresponding SDs for all observers are 
given in Table 3.

All four observers obtained successful SAP measure-
ments in a total of 36 attempts per observer. Within- and 
between-day CVs for SAP were ⩽16% (13–16%) for only 
the two most experienced observers. Conversely, the two 
less experienced observers had high between-day CVs 
(61% and 73%, respectively).

For DAP, only the most experienced observer suc-
ceeded in 100% of the attempts, with within- and 
between-day CVs of 11% and 4% respectively. In con-
trast, DAP could not be measured in 56%, 19% and 8% of 
cases examined by observers 1, 2 and 3, respectively, 
because these observers were unable to detect a clear 
change from systolic to diastolic Doppler signal tone. 

Table 1  Median, interquartile ranges and minimum–maximum ranges of repeated systemic arterial blood pressure 
values measured by the reference observer (observer 4) 36 times over 4 days in six healthy cats using Doppler 
ultrasonography

Variable Median Minimum–maximum

Systolic arterial blood pressure (mmHg) 134 98–169
Diastolic arterial blood pressure (mmHg)   63 50–80
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Therefore, the corresponding repeatability and repro-
ducibility could not be calculated.

No significant difference regarding duration of the 
measurements was observed between observers. No 
observer effect and no interaction between cat and 
observer were observed regarding SAP, and between cat 
and observer 4 for DAP.

However, a significant interaction was noted between 
cat and day with regard to SAP (P = 0.021). This was not 
the case for DAP and observer 4.

Results for the estimation of the minimal number of 
cats required per group in a clinical trial for observers 1 
and 4 to detect a treatment-associated difference in SAP 
are shown in Figure 1. For example, the minimum num-
ber of cats in each group (eg, treated or placebo group) to 
detect an absolute difference of 10 mmHg should be 85 
for the least trained observer (observer 1) and 54 for the 
most trained observer (observer 4) ie, a total of 170 and 
108 animals respectively.

Discussion
Accurate BP measurement, in conjunction with the iden-
tification of target organ damage (eg, hypertensive cho-
roidopathy, left ventricular hypertrophy, neurological 
signs, renal lesions), is essential to the diagnosis of sys-
temic arterial hypertension in veterinary medicine.1,3 

Irrespective of whether DU or oscillometric methods are 
used, specific attention should be paid to limit a white 
coat effect (comfortable position, minimal restraint, quiet 
room) and to obtain repeatable and reproducible meas-
urements (eg, use of a correctly sized cuff),1,3,38 as was 
done in this study. Inappropriate BP measurements can 
lead to over- or underdiagnosis of systemic arterial 
hypertension—a falsely elevated BP in normotensive 
patients (false-positive) being the most common issue.3 
Once hypertension has been confirmed, a monitoring 
plan based on repeated BP measurements should be 
scheduled to assess medical treatment efficacy, and the 
observer’s variability should always be taken into 
account when examining BP variations over time in 
order to avoid any misinterpretation of BP changes. 
Several previous studies have focused on BP variability 
in the cat33,39 and in the dog.30,40,41 Nevertheless, to the 
best of our knowledge, this report is the first to assess the 
influence of the observer’s experience on SAP and DAP 
measurements (ie, both variability and percentage of 
successful measurements) using DU in healthy, con-
scious cats.

Both animals and observers may influence BP varia-
bility for a given device. The main goal of this study was 
not to document the former (ie, the biological or intercat 
variability), but to obtain numerous data (144 sessions of 

Table 2  Number of successful systolic (SAP) and diastolic (DAP) arterial blood pressure measurements and duration of 
the measurements in six healthy cats using Doppler ultrasonography performed by four observers with different levels of 
experience. Thirty-six attempts (six per cat) per observer were performed

Variable Observer 1 Observer 2 Observer 3 Observer 4

Number (%) of successful SAP measurements 36 (100) 36 (100) 36 (100) 36 (100)
Number (%) of successful DAP measurements 16 (44) 29 (81) 33 (92) 36 (100)
Duration of the measurements (mins)
median (interquartiles range, minimum–maximum)

  6 (4–14, 2–22)   6 (4–7, 3–20)   5 (3–7, 2–15)   7 (4–9, 2–26)

Table 3  Within- and between-day intra-observer standard deviations (SDs) and coefficients of variation (CVs) for 
indirect measurement of arterial blood pressure, using Doppler ultrasonography, performed in six healthy cats

Within-day Between-day

  SD
(mmHg)

CV
(%)

SD
(mmHg)

CV
(%)

Systolic arterial blood pressure
Observer 1 23 17 84 61
Observer 2 25 19 98 73
Observer 3 17 13 20 15
Observer 4 22 16 21 15
Diastolic arterial blood pressure*
Observer 4   7 11   3   4

*Diastolic arterial blood pressure could not be measured by observers 1, 2 and 3 in 100% of cases (see Table 2); therefore, the corresponding 
variability could not be calculated
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BP measurements, representing 720 recordings) from 
different investigators on the same small number of ani-
mals (n = 6), and to determine the corresponding inter- 
and intra-observer variability. Healthy cats were selected 
to limit daily pathological variations in BP values during 
the protocol, which might have interfered with assess-
ment of the intra- and inter-observer intrinsic variability. 
Nevertheless, in this study, a significant interaction 
between day and cat was observed for SAP, implying 
that BP values may vary according to the day of meas-
urement (eg, they may decrease over time, as animals get 
used to the procedure and as stress is concomitantly 
minimised).

In this study, all four observers obtained SAP values 
in 100% of their attempts. These results are in accordance 
with those of Jepson et al,33 which involved two observ-
ers, each with five BP attempts on 28 cats, and demon-
strated the success of obtaining a systolic BP reading, 
using the DU technique, in all 280 attempts. Similarly, in 
one report comparing DU and high-definition oscillom-
etry in healthy, awake dogs, all attempts to measure SAP 
using both methods were successful for the four investi-
gators involved in the study (and who all had different 
levels of training).30

With regard to SAP, our results also indicate that 
observers may have different variabilities, with the high-
est within- and between-day CVs being obtained by the 
least experienced observers. Similar results have been 
obtained in the dog.30 However, in the latter report the 
within- and between-day CVs for SAP measured with 
DU by the two most experienced observers (4.1–9.4%) 
were lower than those obtained here in the cat by observ-
ers 3 and 4 (13–16%). The difference in SAP CVs between 
the two species were much greater for the two least 
experienced observers, particularly the between-day 
CVs (7.9% and 12.4% in the dog vs 61% and 73% in the 
cat for observers 1 and 2 respectively), although in both 

studies the level of training of the two least skilled 
observers was similar (1 h of training in BP measure-
ments before starting the study for each and some occa-
sional training during 1 year for one of them). These 
results suggest that DU is technically more difficult in 
the cat and necessitates more training than in the dog.

In this study, the between-day CVs for SAP were 15% 
for both experienced observers. Sparkes et  al39 previ-
ously reported lower between-day CVs (⩽7.9%) for SAP 
measured by DU. However, the objective of their study 
was to assess SAP variations over time in seven cats with 
a different protocol to that used in our study (only one 
measurement per day by one observer, seven times at 
intervals of at least 24 h over a 10-day period).39 Although 
there is currently an emphasis on the diagnosis of sys-
tolic arterial hypertension in veterinary medicine, and 
although SAP seems to be the most important determi-
nant of hypertensive tissue damage, true isolated dias-
tolic hypertension can occur in dogs and cats, and DAP 
measurement is therefore relevant in these species.1 
However, the subjective nature of determining DAP 
using Doppler has already been highlighted in the 
ACVIM consensus statement1 and nothing in our study 
suggests that this inherent problem could be overcome. 
Regardless of accuracy, which remains an important 
issue for DAP, another point of the present study is that 
except for the most trained observer, DAP could not be 
measured using DU on all occasions. Observer 4’s 
repeatability and reproducibility was good (CVs of 11% 
and 4% respectively), but the reliability of these results 
could not be assessed as no direct BP readings were 
undertaken, which represents a limitation of this study.

In this study, the time taken for observer 4 to complete 
the BP measurements was highly variable, the longest 
times (up to 26 mins) being related to the time some-
times required to record DAP, which may represent a 
limitation of the DU technique in the feline species. In 
the study by Lin et al,42 which only focused on SAP in 
clinically normal, conscious cats, all BP measurements 
using DU were completed in only 6 mins. Similarly, 
Jepson et  al33 were able to perform five BP readings 
within 5 mins in approximately 40% of the animals, but 
DAP was not obtained systematically.

In our study, observers 1, 2 and 3 could not obtain 
DAP values in 56%, 19% and 8%, respectively, of the 36 
sessions because they were unable to detect a clear 
change from systolic to diastolic Doppler signal tone. 
The difficulty of measuring DAP by DU has already 
been shown in both dogs and cats.30,33 In the report by 
Jepson et al,33 the two observers obtained SAP values in 
100% of their 280 attempts with the DU device, whereas 
DAP measurements were only obtained in 144 of 280 
attempts (51%). Similarly, in one study focusing on the 
comparative variability of DU and high definition oscil-
lometry for BP measurements in healthy awake dogs, 

Figure 1  Minimum number of cats required per group to 
detect a given difference in systolic arterial blood pressure 
between each group when observer 1 and observer 4 are 
performing the blood pressure measurements by Doppler 
ultrasonography
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DAP could not be measured by the least skilled observer 
in 17% of 36 attempts using DU.30 This represents an 
additional limitation of the use of the DU technique in 
small animals.

In this study, the impact of the observer-dependent 
variability on the minimum number of animals 
required to detect a given difference in SAP between 
two groups of animals was also assessed. The most 
experienced observer needed a lower number of ani-
mals compared with the least experienced one. Similar 
results were found in a study by our group, which 
assessed the minimum number of dogs required to 
detect a given difference between two groups of ani-
mals in various two-dimensional and M-mode echo-
cardiographic variables according to the observers’ 
level of experience (the more experienced the observer, 
the lower the number of animals needed, and therefore 
the lower the cost of the clinical trial).37 Both results 
emphasise the need to document observer-dependent 
variability before scheduling the protocol design of 
any clinical trial using quantitative clinical variables 
selected as endpoints.

In this study, the procedure used for BP measure-
ments was in accordance with the ACVIM consensus 
statement,1 which therefore allowed each observer to 
discard the first BP values if these were considered 
abnormally high. This could have led to an underesti-
mation of BP variability, which might represent a limi-
tation of this study. Nevertheless, the objective of this 
study was to assess the variability of BP measurements 
as actually done by general practitioners following 
published guidelines.1 Finally, and most importantly, 
direct BP readings were not undertaken, and therefore 
accuracy of the measurements could not be determined. 
Although accuracy was beyond the scope of the present 
report, validation of DAP by using a gold standard 
with regard to accuracy and a trained observer with 
regard to repeatability/reproducibility would have 
been relevant.

Conclusions
SAP may be assessed with good repeatability and repro-
ducibility by trained observers using DU in healthy 
awake cats. DAP is more difficult to measure, depending 
on the experience of the observer, and further studies are 
needed to assess the accuracy of the DU technique for 
this measurement in cats.
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