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Effects of preoperative administration
of ketoprofen on whole blood
platelet aggregation, buccal mucosal
bleeding time, and hematologic indices
in dogs undergoing elective ovariohysterectomy

Kip A. Lemke, DVM, MS, DACVA; Caroline L. Runyon, bDvM, Ms; Barbara S. Horney, DvM, PhD, DACVP

Objective—To determine effects of preoperative
administration of ketoprofen on whole blood platelet
aggregation, buccal mucosal bleeding time, and
hematologic indices in dogs after elective ovariohys-
terectomy.

Design—Randomized, masked clinical trial.
Animals—22 healthy dogs.

Procedure—60 minutes before induction of anes-
thesia, 11 dogs were given 0.9% NaCl solution (con-
trol), and 11 dogs were given ketoprofen (2 mg/kg
[0.9 mg/Ib], IM). Thirty minutes before induction of
anesthesia, glycopyrrolate (0.01 mg/kg [0.005
mg/Ib]), acepromazine (0.05 mg/kg [0.02 mg/Ib]), and
butorphanol (0.2 mg/kg [0.09 mg/Ibl) were given IM
to all dogs. Anesthesia was induced with thiopental
(5 to 10 mg/kg [2.3 to 4.5 mg/Ib], IV) and maintained
with isoflurane (1 to 3%). Ovariohysterectomy was
performed and butorphanol (0.1 mg/kg [0.05 mg/Ib],
IV) was given 15 minutes before completion of
surgery. Blood samples for measurement of vari-
ables were collected at intervals before and after
surgery.

Results—In dogs given ketoprofen, platelet aggre-
gation was decreased 95 = 10% and 80 + 35%
(mean + SD) immediately after surgery and 24 hours
after surgery, respectively, compared with preopera-
tive values. At both times, mean values in dogs
given ketoprofen differed significantly from those in
control dogs. Significant differences between
groups were not observed for mucosal bleeding
time or hematologic indices.

Conclusions and Clinical Relevance—Preoperative
administration of ketoprofen inhibited platelet aggre-
gation but did not alter bleeding time. Ketoprofen can
be given before surgery to healthy dogs undergoing
elective ovariohysterectomy, provided that dogs are
screened for potential bleeding problems before
surgery and monitored closely after surgery. (J Am
Vet Med Assoc 2002;220:1818-1822)
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Kstoprofen is a nonsteroidal anti-inflammatory
nalgesic (NSAIA) drug used to manage postoper-
ative pain in dogs. Preoperative administration of keto-
profen may provide better analgesia than postoperative
administration but may also interfere with platelet
function and prolong bleeding time. Interactions
between platelets and vascular endothelial cells are
important in maintaining normal hemostasis.'
Endothelial cells produce prostacyclin (prostaglandin
L) and nitric oxide, which inhibit platelet aggregation
and relax vascular smooth muscle. Adherence of
platelets to exposed collagen in damaged endothelial
cells initiates synthesis and release of thromboxane A,
which stimulates platelet aggregation and vasocon-
striction. The balance between vascular factors that
inhibit hemostasis and platelet factors that promote
hemostasis is an important determinant of bleeding
time.

Thromboxane A, is synthesized from arachidonic
acid within platelets, and the reaction is catalyzed by
cyclooxygenase (COX). Platelets express the consti-
tutive form of the enzyme (COX-1) exclusively and
do mnot express the inducible form (COX-2).?
Inhibition of COX-1 activity by NSAIA drugs decreas-
es formation of thromboxane A, and attenuates
platelet aggregation.’ In a canine in vitro assay sys-
tem, ketoprofen inhibits the activity of COX-1 at
lower concentrations than COX-2 and has a COX-
1:COX-2 selectivity ratio of 0.23." Ketoprofen and
other NSAIA drugs with low selectivity ratios might
inhibit platelet function and prolong bleeding time
more than NSAIA drugs with high selectivity ratios
do (eg, carprofen).

Conlflicting results have been published concern-
ing the effect of ketoprofen on buccal mucosal
bleeding time (BMBT) in dogs. Some authors have
reported that BMBT increased during orthopedic
surgery’ in dogs that received preoperative adminis-
tration of ketoprofen, whereas others® reported that
administration of ketoprofen to conscious dogs did
not alter BMBT.

The effect of preoperative administration of
ketoprofen on platelet aggregation in dogs after elec-
tive ovariohysterectomy has not been reported.
Whole blood platelet aggregation (WBPA) can be
used as a rapid means of screening dogs for platelet-
related bleeding problems.” Additionally, WBPA has
been used to evaluate platelet function during anes-
thesia and surgery and to evaluate the effect of pre-
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operative administration of cephalosporin antibiotics
in dogs.®’ Platelets behave differently in whole blood
than in plasma, and WBPA may be a more clinically
relevant method to detect changes in platelet func-
tion than techniques that use platelet-rich plasma.'"

Preoperative administration of NSAIA drugs is
controversial."”"” Presumably, administration of anti-
inflammatory drugs before, rather than after, surgi-
cal trauma reduces inflammation at the surgical site,
attenuates subsequent peripheral and central ampli-
fication of nociceptive input, and decreases pain
after surgery. Preoperative administration of NSAIA
drugs may also reduce anesthetic requirements and
blunt the hypermetabolic and neuroendocrine
responses that develop as a result of surgical trauma.
Alternately, preoperative administration of some
NSAIA drugs may inhibit platelet function and pro-
long bleeding time, which could lead to intraopera-
tive as well as postoperative complications. These
drugs also interfere with prostaglandin-mediated
regulation of renal blood flow and tubular function,
which could lead to renal failure in dogs with preex-
isting renal disease.’® The purpose of the study
reported here was to determine the effects of preop-
erative administration of ketoprofen on WBPA,
BMBT, and hematologic indices in dogs that under-
went elective ovariohysterectomy.

Materials and Methods

Dogs—Twenty-two client-owned dogs were enrolled in
the study, which was a randomized, masked clinical trial.
Personnel involved in the study were unaware of the treat-
ment protocol. Owners were informed of the potential risks
and benefits of the study before written consent was given to
enroll their animals. Female dogs that were between 6
months and 3 years of age, weighed 15 to 35 kg (33 to 77 1b),
and were judged to be healthy on the basis of findings of pre-
operative examination and diagnostic blood analyses were
included in the study. Dogs that were in estrus or pregnant
were excluded from the study. The study was reviewed and
approved by the Animal Care Committee at the University of
Prince Edward Island.

Diagnostic tests—Measurement of WBPA was per-
formed by use of an electrical impedance aggregometer as
per a published technique.” Before surgery, samples were col-
lected from the jugular vein via venipuncture with a 2-
syringe technique, a 20-gauge needle, and 3-ml plastic
syringes. After discarding the first 1 to 2 ml of blood, 2 to 3
ml of blood was collected, placed immediately into a tube
containing 3.8% trisodium citrate (1:10 dilution), and mixed
by gentle inversion. After surgery, samples were collected
from a jugular catheter that was placed after induction of
anesthesia; samples were collected by use of a 2-syringe tech-
nique and 3-ml plastic syringes, and the first 1 to 2 ml of
blood was discarded. Collagen® (5 pug/ml) was used to stimu-
late platelet aggregation, and all samples were analyzed with-
in 2 hours of collection.

Bleeding time, hematologic indices, and plasma pro-
tein concentration were determined by use of standard
techniques. Measurement of BMBT was performed with a
spring-loaded device® as per a described technique.”
Hematologic indices (erythrocyte count, leukocyte count,
Hct, hemoglobin concentration, platelet count) were
determined by use of an automated cell counter, and plas-
ma protein concentration was measured by use of a tem-

perature-compensated refractometer." A manual differen-
tial count of 100 WBC was done by an experienced tech-
nologist on each sample. When errors in automated
platelet counts were detected, corrected counts were esti-
mated from blood smears." Before surgery, samples were
collected from the jugular vein via venipuncture with 20-
gauge needles and plastic syringes, immediately placed
into tubes containing sodium EDTA, and mixed by gentle
inversion. After surgery, samples were collected from a
jugular catheter that was placed after induction of anes-
thesia.

Clinical protocol—Dogs were admitted to the hospi-
tal on the day before surgery. That afternoon, initial sam-
ples for determination of WBPA and hematologic indices
were collected, and BMBT was measured. The following
morning, dogs were assigned at random to either the saline
(0.9% NaCl) solution (control) or ketoprofen treatment
group. Approximately 60 minutes before induction of
anesthesia, 11 dogs (mean + SD weight, 22 + 6 kg [48.4 +
13.2 1b]; mean age, 10 + 4 months) were given saline solu-
tion, and 11 dogs (mean weight, 21 = 4 kg [46.2 + 8.8 Ib];
mean age, 13 + 9 months) were given ketoprofen® (2
mg/kg, IM). Approximately 30 minutes before induction of
anesthesia, all dogs were given glycopyrrolate’ (0.01 mg/kg
[0.005 mg/lb]), acepromazine® (0.05 mg/kg [0.02 mg/lb]),
and butorphanol" (0.2 mg/kg [0.09 mg/lb]) IM. Ten min-
utes before induction of anesthesia, a 20-gauge polytef
catheter was placed aseptically into a cephalic vein.
Anesthesia was induced with thiopental' (5 to 10 mg/kg
[2.3 to 4.5 mg/Ib], IV) and maintained with isoflurane’ (1
to 3%) in oxygen (1 to 3 L/min). After induction of anes-
thesia, a 16-gauge polytef catheter was placed aseptically
into a jugular vein to facilitate collection of blood samples
during the postoperative period. Ovariohysterectomy was
performed by an experienced surgeon (CLR), and butor-
phanol (0.1 mg/kg [0.05 mg/lb], IV) was given 15 minutes
before completion of the procedure. Lactated Ringer’s solu-
tion was given during surgery at a rate of 10 ml/kg/h (4.5
mg/lb/h). All surgeries were performed on the morning
after admission, and total duration of anesthesia (induc-
tion with thiopental to termination of isoflurane adminis-
tration) was 92 + 33 and 78 + 29 minutes (mean + SD) in
the saline and ketoprofen groups, respectively. Blood sam-
ples for determination of WBPA were collected immediate-
ly after surgery (time 0) and 24 hours after surgery and
placed into tubes that contained citrate. Bleeding time was
measured, and EDTA-anticoagulated blood samples and
serum samples for determination of hematologic indices
were collected before surgery, at time O, and 12 and 24
hours after surgery. The surgeon and the veterinary techni-
cians (SB, ER) were given the option to withdraw dogs
from the study and give supplemental opioids if they
believed dogs were having moderate to severe pain.
Personnel involved in each trial were unaware of the treat-
ment protocol.

Statistical analyses—Platelet aggregation, BMBT, and
hematologic data were analyzed by use of ANOVA for
repeated measures. A 2-way ANOVA for repeated mea-
sures was used to compare differences between treatments
over time. If a significant treatment-time interaction was
found, Tukey multiple comparison tests were used to com-
pare treatments at each time period. A 1-way ANOVA for
repeated measures was used to compare differences with-
in treatments over time. If a significant time effect was
found, Dunnett multiple comparison tests were used to
compare times within each treatment with respective pre-
operative values. Platelet aggregation data are reported as
percentage changes from respective preoperative values.
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All data are reported as mean + SD. For all comparisons, a
value of P < 0.05 was considered significant.

Results

Platelet aggregation decreased in dogs given
ketoprofen but not in dogs given saline solution. In
the saline-treated group, mean values immediately
after surgery (5 = 40%) and 24 hours after surgery
(=1.0 £ 33%) were not significantly different from
preoperative values. In the ketoprofen-treated
group, mean values were 95 + 10 and 80 + 35% less
than preoperative values immediately after surgery
and 24 hours after surgery, respectively. At both
times, mean values in dogs given ketoprofen differed
significantly from those in dogs given saline solu-
tion and from respective preoperative values.
Platelet count did not change in dogs given ketopro-
fen or in dogs given saline solution (Table 1). Mean
values in dogs given ketoprofen did not differ signif-
icantly from those in dogs given saline solution at
any time.

Bleeding time did not change in dogs given keto-
profen or saline solution (Table 1). Mean values in
dogs given ketoprofen did not differ significantly from
those in dogs given saline solution at any time. The
highest mean values for BMBT were measured imme-
diately after surgery in dogs given ketoprofen (165 +
64 seconds) as well as in those given saline solution
(163 + 80 seconds). In dogs given ketoprofen, individ-
ual values at 0, 12, and 24 hours after surgery ranged
from 70 to 245, 80 to 230, and 65 to 235 seconds,
respectively. Abnormal intraoperative bleeding (150
ml) was observed in 1 dog (weight, 32 kg [70 lb])
given saline solution. Substantial bleeding was not
observed in any dog during the 24-hour postoperative
observation period.

Hematocrit, hemoglobin concentration, and ery-
throcyte count were decreased immediately after
surgery, compared with preoperative values, in both
treatment groups (Table 1). Mean values for all 3
indices and for both treatments were significantly less
than respective preoperative values immediately after
and 12 hours after surgery. Mean values 24 hours after
surgery in dogs given ketoprofen remained less than
preoperative values. Plasma protein concentration was
decreased significantly immediately after surgery and
was increased significantly 24 hours after surgery in
both groups, compared with preoperative values. For
all 3 erythrocyte indices and for plasma protein con-
centration, mean values in dogs given ketoprofen did
not differ significantly from those in dogs given saline
solution at any time.

Mean leukocyte count was significantly decreased
immediately after surgery and was significantly
increased 12 hours after surgery in both treatment
groups, compared with preoperative values (Table 2).
Additionally, neutrophil counts were significantly
greater than and eosinophil and lymphocyte counts
were significantly less than respective preoperative val-
ues 12 hours after surgery. For all leukocyte indices,
mean values in dogs given ketoprofen did not differ
significantly from those in dogs given saline solution at
any time.

Table 1T—Mean + SD platelet count, buccal mucosal bleeding
time (BMBT), and erythrocyte indices in dogs that received keto-
profen (n = 11) or saline (0.9% NaCl; 11) solution before elective
ovariohysterectomy

After surgery

Before
Variable surgery 0h 12h 24h

Platelets (X 10%L)
Saline solution 268 =50 243 =29 251 = 4 272 + 38

Ketoprofen 260 + 64 269 + 57 280 + 47 263 + 27
BMBT (s)

Saline solution 134 = 76 163 = 80 123 = 48 116 = 36

Ketoprofen 135 = 50 165 =+ 64 139 = 45 156 =+ 53
Het (%)

Saline solution 422 +38 342*+27 386*+35 403+37

Ketoprofen 41642 332+23 37939 383=*35
Hemoglobin (g/L)

Saline solution 151 =12 1217 137 £ 11° 144 + 13

Ketoprofen 150 £ 15 M7 £8 135 = 14 138 £ 12°
RBC (X 10%/L)

Saline solution 6.31 =079 5.12 = 0.64° 575+ 0.79° 6.06 + 0.83

Ketoprofen 6.19 =073 4.93 = 0.38° 561 = 0.73* 5.70 = 0.63°
Plasma protein (g/L)

Saline solution 61 =3 55 = &4° 64 = & 65 = 3

Ketoprofen 61 +3 55 + 5° 63+ 4 64 + 4°

*Significantly (P < 0.05) different from preoperative value.

Table 2—Mean + SD values for leukocyte indices in dogs that
received ketoprofen or saline solution before elective ovario-
hysterectomy

After surgery
Before
Variable surgery Oh 12h 24h
WBC (X 10%L)
Saline solution 10.16 + 2.72 5.57 = 1.48° 15.63 = 2.74° 13.04 = 2.72°
Ketoprofen 10.64 = 2.94 6.56 = 1.74° 15.02 = 4.60° 12.92 = 3.77

Neutrophils (X 10%L)
Saline solution
Ketoprofen

Eosinophils (X 10%L)
Saline solution
Ketoprofen

Lymphocytes (X 10%/L)
Saline solution
Ketoprofen

Monocytes (X 10%L)
Saline solution
Ketoprofen

6.39 = 2.55 3.58 = 1.24* 12,62 + 2.66° 9.69 = 2.52°
7.03 =257 422+ 153 11.97 = 405 9.44 + 353

0.57 = 044 030 =026 0.16 = 0.19° 0.43 + 0.47
0.70 = 0.65 0.38 =0.27 0.24 = 0.28° 0.62 + 0.55

255 = 1.01 1.35 =058 1.98 = 0.88* 1.99 + 0.98°
208 =135 133 +059 128042 1.77 =103

0.64 + 030 035+ 027 0.82=*030 090030
0.83 =037 0.61 =017 1.03 =055 091 * 047

*Significantly (P < 0.05) different from preoperative value.

Discussion

The most important finding of this study was that
despite a decrease in WBPA, BMBT did not change after
preoperative administration of ketoprofen in dogs that
underwent elective ovariohysterectomy. These results
are consistent with those reported for conscious dogs
but differ from those reported for dogs that underwent
orthopedic surgery. Mathews et al® reported that BMBT
was unchanged 1, 4, 8, 24, and 48 hours after admin-
istration of ketoprofen to conscious dogs. Conversely,
Grisneaux et al’ reported that preoperative administra-
tion of ketoprofen to dogs undergoing orthopedic
surgery increased BMBT from a preoperative value of
approximately 180 seconds to intraoperative values of
approximately 360 and 320 seconds. There are 2 limi-
tations on the results of the latter study. First, the
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increase in BMBT is a subtle change, given the fact that
values up to 300 seconds are considered within refer-
ence limits.® Second, these authors were not measuring
the effect of administration of ketoprofen alone but
were measuring the combined effect of administration
of ketoprofen with a cephalosporin antibiotic.
Administration of cephalosporin antibiotics before
surgery inhibits WBPA and prolongs BMBT in dogs.’ In
the study by Grisneaux et al, all dogs were given cefa-
zolin 30 minutes before the orthopedic procedure and
then every 2 hours until completion of the procedure.
Considering the effect of cephalosporin antibiotics on
platelet function and the results of the study reported
here, the conclusions reached by Grisneaux et al con-
cerning the effect of ketoprofen on BMBT and potential
for intraoperative hemorrhage should be reevaluated.

Forsyth et al” reported BMBT values after preop-
erative administration of saline solution or ketoprofen
to dogs that underwent elective castration. Buccal
mucosal bleeding time was determined after surgery,
and a significant difference between treatments could
not be detected. Furthermore, BMBT was not deter-
mined before surgery, which precludes assessment of
the effects of surgery as well as those of preoperative
ketoprofen administration. Considering the limitations
imposed by the study design, results presented by
Forsyth et al are difficult to interpret.

Preoperative administration of ketoprofen had no
effect on erythrocyte indices during the 24-hour study
period and did not increase the incidence of hemor-
rhage during or after surgery. Changes in both treat-
ment groups were comparable to results from a previ-
ous study.” In that study, comparable anesthetic proto-
cols were used, and ovariohysterectomies were per-
formed by students, but samples for determination of
erythrocyte indices were only collected before surgery
and 24 hours after surgery. The authors reported that
Hct, hemoglobin concentration, and erythrocyte count
remained less than preoperative values 24 hours after
surgery. In the study reported here, these variables were
substantially less than preoperative values immediately
after and 12 hours after surgery but were near preoper-
ative values 24 hours after surgery. Discrepancies
between the 2 studies may be attributable to differ-
ences in the duration of the procedures as well as the
experience of the surgeon. Furthermore, in the study
reported here, substantial hemorrhage was not
observed during or after surgery in either group. Since
substantial hemorrhage was not observed, decreases in
Hct, hemoglobin concentration, and erythrocyte
count, which were apparent immediately after surgery,
were probably attributable to the combined effects of
splenic sequestration of erythrocytes (secondary to
thiopental administration), fluid shifts associated with
decreases in blood pressure (secondary to acepro-
mazine and isoflurane administration), and intraoper-
ative fluid administration.

Preoperative administration of ketoprofen had no
effect on leukocyte indices during the 24-hour study
period, and apparently did not blunt the cellular stress
response to surgical trauma. Changes in leukocyte
indices observed in the study reported here are typical
of the stress response to surgery and develop secondary

to tissue trauma and increases in cortisol concentra-
tions.”"* Changes in both groups were comparable to
results from a previous study.” Again, comparable pro-
tocols and procedures were used, but samples for
determination of leukocyte indices were only collected
before surgery and 24 hours after surgery. The authors
reported a mild leukocytosis with a concurrent neu-
trophilia, lymphopenia, and eosinopenia. In the study
reported here, generalized leukopenia was detected
immediately after surgery and became mild leukocyto-
sis with concurrent neutrophilia, lymphopenia, and
eosinopenia 12 hours after surgery.

Two important issues concerning preoperative
administration of ketoprofen are not specifically
addressed by the study reported here. First, periopera-
tive administration of NSAIA drugs may interfere with
renal blood flow and effective tubular function if circu-
lating blood volume is reduced.’*” Typically,
prostaglandins help maintain renal blood flow during
hypovolemia or hypotension. Preoperative administra-
tion of NSAIA drugs may potentiate renal ischemia and
interfere with tubular function in anesthetized animals,
especially in those with preexisting renal disease.'*”
Second, preoperative or preemptive administration of
ketoprofen has not been shown to be more effective, in
terms of postoperative analgesia, than administration
of ketoprofen immediately after recovery from anesthe-
Sia.IZ,IB

Preoperative administration of ketoprofen inhibit-
ed WBPA but did not alter BMBT or hematologic
indices in dogs after elective ovariohysterectomy.
Ketoprofen can be given before surgery to healthy dogs
undergoing elective ovariohysterectomy, provided that
the dogs are screened for potential bleeding problems
before surgery and monitored closely after surgery.

‘Chrono-par, Chrono-log, Havertown, Pa.

*Simplate 11, Organon Teknika, Jessup, Md.

‘Cell-Dyne 3500, Abbott Laboratories, Abbott Park, Il1.
“‘Reichert TS Meter, VWR Canlab, Montreal, QC, Canada.
‘Anafen, Merial, Victoriaville, QC, Canada.

‘Glycopyrrolate, Sabex, Voucherville, QC, Canada.

*Atravet, Wyest-Ayerst Canada, St Laurent, QC, Canada.
"Torbugesic, Wyest-Ayerst Canada, St Laurent, QC, Canada.
'Pentothal, Abbott Laboratories, Montreal, QC, Canada.
'Isoflo, Abbott Laboratories, Montreal, QC, Canada.
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Correction: Use of prostaglandins and bromocriptine mesylate for pregnancy termi-

nation in bitches

In the appendix of the article “Use of prostaglandins and bromocriptine mesylate for
pregnancy termination in bitches” (JAVMA, April 1, 2002, pp 1019), the unit of mea-
sure indicated for dinoprost tromethamine administration is incorrectly listed as
pg/kg. The correct unit of measure is mg/kg. The appendix should read as follows:

Appendix

Dosage protocols for termination of pregnancy in group-1 and group-2 dogs

Group 1(n=12)

Group 2 (n=13)

Bromocriptine Dinoprost Bromocriptine Cloprostenol
mesylate tromethamine mesylate sodium
Days (PO, q 12 h)* (SC, q 24 h)t (PO, q 12 h)* (SC, q 48 h)t
1 15 ug/kg (7.5 pg/Ib) 0.1 mg/kg (0.05 ug/lb) 15 ug/kg (7.5 pg/lb) 1 ug/kg (0.5 pg/lb)
2 20 ug/kg (10 pg/lb) 0.15 mg/kg (0.07 pg/Ib) 20 ug/kg (10 pg/lb) None
3 20 ng/kg (10 pg/lb) 0.2 mg/kg (0.1 pg/Ib) 20 ng/kg (10 pg/lb) 1 ng/kg (0.5 pg/lb)
Remaining 30 ug/kg (15 pg/lb) 0.2 mg/kg (0.1 pg/Ib) 30 ug/kg (15 pg/lb) 1 ng/kg (0.5 pg/lb)

*Administered orally with food at feeding time. TAdministered subcutaneously as far from feeding time as possible.
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