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Introduction
Bleeding time (BT) is a point-of-care test for the in vivo 
evaluation of primary haemostasis in the dog and cat.1–3 
Provided that platelet count is adequate (>70,000–
100,000/μl), BT is expected to be prolonged in inherited 
or acquired platelet defects and vascular impairment.4–7 
Unlike dogs, in which certain BT techniques [ie, buccal 
mucosal bleeding time (BMBT), toe capillary bleeding 
time] have been sufficiently standardised and evaluated 
for their diagnostic utility in healthy or in dogs with a 
range of haemostatic defects,1,3,8–13 limited information is 
currently available regarding the performance character-
istics of BT techniques in the cat, including properly 
defined reference intervals (RIs), repeatability and clini-
cal application. BMBT measurements in the cat have 
mostly been reported in studies investigating the poten-
tial interference of analgesic medications with platelet 
function,14,15 or in those assessing the efficacy of anti-
platelet drugs in cats at risk of cardiogenic thromboem-
bolism.16–18 Moreover, the BMBT was shown to 
demonstrate a reasonable diagnostic sensitivity and 

specificity when evaluated among three groups of cats, 
including healthy individuals, and cats with inherited 
platelet (Chediak–Higashi syndrome) or coagulation 
(Hageman factor deficiency) defects, respectively.19 With 
the exception of the study by Carroll et al,14 in which 
BMBT was measured in 138 cats evaluated for the effi-
cacy and side effects of pre-operative analgesia, the 
remaining studies included small numbers of cats or 
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described BT techniques not widely used in the clinical 
setting; notably, no study has evaluated the repeatability 
of the applied techniques. Therefore, the purpose of this 
study was to establish the RI of the BMBT in a popula-
tion of clinically healthy sedated cats and to investigate 
the intra-observer repeatability of the test by means of a 
commercially-available, disposable, single-blade device.

Materials and methods
Fifty-six healthy cats were prospectively enrolled in the 
study. They included domestic shorthair (52/56, 92.9%) 
and domestic longhair (4/56, 7.1%) cats of which 20 
(35.7%) were males and 36 (64.3%) females with an age 
range of 6 to 72 months (median 27 months). The ani-
mals were admitted to the Companion Animal Clinic, 
Faculty of Veterinary Medicine, Aristotle University of 
Thessaloniki (FVM-AUTh) for neutering. Informed con-
sent was obtained from the owners for participation in 
the study and the latter was approved by the Research 
and Ethical Committee of FVM-AUTh. The cats were 
deemed healthy based on history, physical examination, 
a normal complete blood count performed in an auto-
mated analyser (PocH-100iV Diff; Sysmex) and a normal 
serum biochemistry profile, including total protein, cre-
atinine and urea nitrogen concentrations, and alanine 
aminotransferase and alkaline phosphatase activities. 
Additionally, all the cats tested negative for feline leu-
kaemia virus antigens and feline immunodeficiency 
virus antibodies (Witness FeLV-FIV; Synbiotics). For 
those cats in which the haematology analyser generated 
a spuriously low platelet count [n = 19 (platelet counts 
<180,000/μl, RIs 180,000–550,000/μl)], the adequacy of 
platelet counts (ie, >150,000/μl) (and eventually enroll-
ment in the study) was based on a blood smear reviewed 
for clumping and platelet count estimation. All the cats 
were readmitted 7–10 days after the operation for suture 
removal. At that time they all remained healthy based on 
clinical examination.

Prior to BMBT measurement, the cats were sedated 
with an intramuscular injection of ketamine (Imalgene 
1000, 5 mg/kg; Merial), dexmedetomidine (Dexdomitor, 
30 μg/kg; Pfizer) and morphine (Demo SA, 0.2 mg/kg; 
Pharmaceutical Industry) and placed in left lateral 
recumbency. The right upper lip was everted and secured 
with a gauze strip which was tightly tied through the 
mouth and around the cranium rostral to the ipsilateral 
and caudal to the contralateral ear. A commercially-
available, disposable, single-blade, spring-loaded BT 
device (Surgicutt ‘adult’; International Technidyne 
Corporation) was used from a clinician (DGA) familiar 
with the BMBT measurement procedure as previously 
described in the cat.19 The device was placed parallel to 
the gum line on a grossly non-vascular and non-lesional 
mucosal area of the lip, and the trigger was depressed to 
cause a standardised laceration (5 mm × 1 mm). Filter 

paper was used to blot the blood 1–2 mm away from the 
incision, avoiding disturbing the incision site. When 
fibrin films occluded the blood flow from the wound, the 
filter paper was used to gently remove the fibrin without 
disturbing the incision site. A stopwatch was used to 
measure the BMBT, defined as the time between the start 
and cessation (no more blood absorbed on the filter 
paper) of bleeding. After the BMBT measurement was 
completed on the right side, the procedure was repeated 
at the opposite side of the lip mucosa.

The BMBT RI was calculated by bootstrap estima-
tion20 that adjusted for the within-cat correlation of the 
BMBT measurements. Thus, 56 observations were ran-
domly selected, with replacement, from the original 112 
BMBT observations with equal probability of selection 
between the BMBT on the left (BMBTL) and right 
(BMBTR) lip mucosa. This was repeated 50,000 times so 
as to obtain estimates of the mean, the 1st, 2.5th, 5th, 50th 
(median), 95th, 97.5th and 99th percentiles. Bootstrap 
estimation was carried out in R (http://www.r-project.
org/) and the corresponding code is freely available by 
one of the authors (PK) upon request.

For the evaluation of the intra-observer repeatability 
the Bland–Altman plot21,22 was initially used to graphi-
cally assess the differences (d’s) between the BMBTL and 
the BMBTR, plotted against the averages of BMBTL and 
BMBTR. Subsequently, we calculated the repeatability 
coefficient rw=2.77* sw, where sw is the SD of the d’s. 
Eventually, the degree of intra-observer repeatability, 
which is the range over which the 95% of the d’s lie was 
calculated as d sw± ×1 96. . These measures of the intra-
observer repeatability are based on the assumption of 
normality for the d’s. Despite the fact that the Shapiro–
Wilk test (SW) revealed deviation from normality for the 
BMBTL and BMBTR (SW = 0.79, P <0.001 and SW = 0.91, 
P <0.001, respectively), their d’s were expected to, and 
did, follow a normal distribution (SW = 0.99, P = 0.99). 
This is owing to the fact that a lot of the variation between 
subjects is removed when calculating the d’s.

Results
In all cats, the combination of ketamine, dexmedetomi-
dine and morphine induced a rapid-onset sedation and 
anaesthesia, and recovery was uneventful. The disposa-
ble spring-loaded blades consistently produced a stand-
ardised incision in the oral mucosa, which bled 
sufficiently to permit the BMBT evaluation. In a small 
number of cats (n = 4), no bleeding was observed despite 
the fact that the mucosa had been lacerated. In these ani-
mals, a new laceration was made close to the original, 
and the procedure was completed successfully.

The frequency distribution of the bootstrap sample is 
shown in Figure 1. The estimated mean and percentiles 
are given in Table 1. The mean BMBT was 58.6 s, while 
the RI was 34–105 s. The Bland–Altman plot is shown in 
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Figure 2. The rw was 61.22. The degree of the intra-
observer repeatability ranged from –34.59 to +52.05, 
which means that BMBTL may be approximately 35 s 
below or 52 s above BMBTR. Consequently, for any two 
sequential readings within a cat, the BMBT may differ by 
up to 87 s.

Discussion
The RI of the BMBT established in this study were con-
sistently below 2 mins (34–105 s) and compared favour-
ably with those reported in the majority of the studies 
measuring the BMBT with a single-blade device, total-
ing 159 sedated cats.14,16–18 In another study of 30 
sedated cats, the BMBT interval measured with the 
same device ranged up to 3 mins.19 To the best of our 
knowledge, there has been only one report of 10 cats in 
which the BMBT interval ranged up to 4 mins.23 In the 
latter, the cats had received only light sedation induced 
by ketamine hydrochloride (3–5 mg/kg), which is in 
contrast to the other studies14,16–19 in which heavy seda-
tion or general anaesthesia was induced by combining 

multiple sedatives and/or anaesthetics, possibly imply-
ing that the difference in the plane of sedation may par-
tially affect the BMBT. Overall, the results of this and 
previous studies indicate that for the clinical decision-
making, a BMBT above 3 mins should be considered 
abnormal in the vast majority of sedated cats. In dogs, a 
BMBT less than 4 mins is considered normal. This inter-
species difference, along with the observation that a 
few cats in this study did not bleed until a second lac-
eration was effected, probably underscores the robust-
ness of the feline primary haemostatic system. Feline 
platelets are more responsive to aggregation inductors 
(eg, collagen, adenosine diphosphate or thrombin) than 
those of dogs. In addition, the dense granules of cats 
were shown to contain three or 1.5 times the amount of 
serotonin compared with dense granules of humans or 
dogs, respectively. Serotonin is a potent vasoconstrictor 
and induces primary aggregation of platelets. In addi-
tion, serotonin will potentiate the aggregation effect of 
other agonists.24

Figure 1 Frequency distribution of the estimated bleeding 
time (in seconds) of the buccal mucosa bleeding time 
(BMBT). The distribution is based on 50,000 samples 
obtained through bootstrap estimation method that assigned 
equal weights to BMBT observations in the left and right lip 
mucosa

Table 1 Mean and percentiles (in seconds) for the buccal mucosa bleeding time (BMBT) in 56 healthy cats sedated 
with ketamine, dexmedetomidine and morphine. Estimates are based on 50,000 samples obtained through bootstrap 
estimation method that assigned equal weights to the left (BMBTL) and right (BMBTR) lip mucosa observations

Mean 1st 2.5th 5th 50th 95th 97.5th 99th

58.63 32.39 33.66 35.17 55.62 91.11 104.56 118.02

Figure 2 Bland–Altman plot of the differences (in seconds) 
between the buccal mucosa bleeding time (BMBT) of the 
left and right lip mucosa of 56 cats plotted against the 
corresponding average of the left and right side BMBT for 
each cat. The continuous central horizontal line corresponds 
to the mean difference, and the dotted lines at either side 
indicate the range over which the 95% of differences lie  
(ie, the degree of intra-observer repeatability)
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To our knowledge, this is the first study evaluating 
the intra-observer repeatability of the BMBT in the cat, 
contributing to the improvement of the performance 
profile of the test. The results indicated that for any two 
sequential measurements within a cat, performed by the 
same observer, the BMBT may differ by up to 87 s, pre-
sumably owing to technical variables, such as differ-
ences in the density of capillary web at the incision site, 
the degree of venostasis, the vertical or horizontal orien-
tation of the laceration, and, possibly, the plane of seda-
tion.25,26 This means that before a treatment can be 
interpreted to have affected the BMBT in a cat, the pre- 
and the post-treatment BMBT would need to differ by at 
least 87 s. Of comparative interest, the repeatability of 
the BMBT is 2 mins in the dog.12 The Bland–Altman plot 
may also indicate that the difference between two con-
secutive BMBT measurements is higher for higher BMBT 
values because there seems to be a wider scattering of 
the differences for higher BMBT averages (Figure 2). It is 
unclear if this tendency is of clinical relevance.

Similar to dogs, the BMBT appears to be the most com-
monly used technique for the BT measurement in the cat. 
However, chemical restraint is invariably required for a 
reliable BMBT measurement.8,14,19 Various multidrug pro-
tocols have been used in previous studies, including keta-
mine, atropine and acetylpromazine,16,17,19 acetylpromazine, 
glycopyrrolate, propofol and isoflurane,14 and ketamine 
and diazepam.18 To our knowledge, the combination of 
ketamine, dexmedetomidine and morphine used in this 
study is reported for the first time in cats subject to BMBT 
measurements and apparently does not affect platelet 
function. Opioids, α2-adrenergic agonists and ketamine 
are frequently used for short-term anaesthesia in cats. 
This combination does not cause hypotension, it pro-
duces excellent analgesia and attains a great reduction in 
anaesthetic requirements if a deeper plane of anaesthesia 
is required, thus is less likely that hypotension will 
occur.27 The in vitro effect of α2-adrenergic agonists and 
opioids in the platelet function is well known.13 However, 
its clinical relevance, at least in the dog, was recently 
reported to be negligible.13 An alternative technique has 
been used in a single study in which BT was measured by 
puncturing the external surface of the ear with a scalpel 
in 40 conscious cats.15 The BT ranges in the latter (overall, 
below 2 mins) were quite similar to the BMBT intervals of 
the present and other studies,14,16–18 indicating that this 
technique may be of value in alert, cooperative cats or in 
cats in which chemical restraint is contraindicated or 
declined by the owner.

In this study, the BMBT RI was calculated by boot-
strap estimation, which is a general, distribution-free 
method used to estimate parameters of interest by draw-
ing samples from the original data with replacement.20 
Sound estimation of reference intervals should take  
into proper consideration the presence of correlated 

observations, while, at the same time, making efficient 
use of all available data.28 Specifically, if we picked at 
random a single observation from each subject or used 
only the first measurement to calculate the normal range, 
this would clearly not make efficient use of all of the 
available data. Further, it would have been wrong to 
take the average of the values for each subject and then 
calculate the percentiles because this would have inap-
propriately removed the within-subject variability and 
led to narrower, incorrect estimates. Finally, ignoring the 
fact that we have paired measurements and treating 
them as independent may have worked in our case as we 
have equal repetitions for each cat, but is generally 
wrong if different numbers of repeated measurements 
are obtained for different individuals.28 Thus, we devel-
oped and applied a bootstrap estimation algorithm in R 
that adjusted for the within-cat correlation of the BMBT 
observations. In our case, equal weights were assigned 
to BMBTL and BMBTR measurements as we had paired 
observations within each cat, but our algorithm can be 
easily modified for its application in studies of uneven 
number of repeated measurements per subject.

Conclusions
The results of this study suggest that in the clinical set-
ting, the combination of ketamine, dexmedetomidine 
and morphine is a useful sedative protocol allowing for 
the measurement of BMBT in the cat. Under sedation, 
the RI of feline BMBT was 34–105 s, while the intra-
observer repeatability may be up to 87 s.
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