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Summary

Eighteen client-owned dogs undergoing Tibial Pla-
teau Leveling Osteotomy (TPLO) were included in this 
blinded clinical study and randomly assigned to one of 
two treatment groups. Group C (carprofen) received 
intravenous (IV) carprofen, 4 mg/kg, prior to anes-
thesia, whereas group P (placebo) received IV saline. 
General anesthesia was maintained with isofl urane in 
oxygen and a constant rate infusion (CRI) of sufen-
tanyl IV. Intra-operatively, assessment of nociception 
was based on changes in physiological parameters and 
on the analgesics requirement, whereas in the post-
operative period evaluation of pain was performed by 
using a Hellyer and Gaynor pain score and by com-
paring the doses of rescue buprenorphine required by 
the two treatment groups. Although no statistically 
signifi cant differences in intra-operative sufentanyl 
doses were found between treatment groups, group C 
had superior cardiovascular stability, and lower post-
operative pain scores and rescue buprenorphine doses 
than group P. Our results indicate that administration 
of carprofen prior to surgery was effective in improv-
ing peri-operative analgesia in dogs undergoing TPLO.

Keywords: dog, preemptive analgesia, carprofen, 
NSAIDs, anesthesia 

Präemptive Verabreichung von Carprofen zur 
perioperativen Schmerztherapie bei Hunden 
mit Tibial Plateau Leveling Osteotom (TPLO): 
Eine prospektive, randomisierte, plazebokon-
trollierte klinische Studie

Die vorgestellte Studie umfasst 18 Hunde aus privatem 
Besitz, die für eine Tibial Plateau Leveling Osteotomy 
(TPLO) vorgestellt wurden. Die Tiere wurden per Zu-
fallsprinzip einer der beiden folgenden Gruppen zuge-
ordnet: Gruppe C (Carprofen) erhielt vor der Narkose 
intravenös (IV) 4mg/kg Carprofen während Hunde 
der Gruppe P (Placebo) nur Natriumchlorid-Lösung 
intravenös verabreicht bekamen. Die Narkose wurde 
anschliessend mit Isofl uran in Sauerstoff und einem 
Sufentanyl – Dauertropf aufrechterhalten. Zur Ein-
schätzung der Nozizeption dienten intraoperativ Ver-
änderungen der physiologischen Parameter sowie der 
Bedarf an Schmerzmittel. Die postoperative Schmerze-
valuation erfolgte mit einer Schmerzskala nach Hellyer 
und Gaynor und dem Vergleich der benötigten Not-
falldosierungen für Buprenorphin pro Gruppe. Ob-
gleich es keine statistisch signifi kanten Unterschiede 
zwischen den beiden Behandlungsgruppen gab, zeigte 
Gruppe C eine bessere kardiovaskuläre Stabilität und 
geringere Werte auf der Schmerzskala als Gruppe P. 
Ebenfalls wurde in Gruppe C perioperativ weniger 
Buprenorphin verabreicht als in Gruppe P. Unsere Er-
gebnisse deuten darauf hin, dass die präoperative Ver-
abreichung von Carprofen die perioperative Analgesie 
der TPLO-Hunde verbessert hat. 

Schlüsselwörter: Hund, preemptive Analgesie, Carpro-
fen, NSAIDs, Anästhesie 
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Animals, Material and Methods
Treatment groups

Eighteen client-owned dogs scheduled for TPLO at the 
University Teaching Hospital of Perugia (IT) in the years 
2006 – 2008 were enrolled in the study. Pre-anesthetic 
physical examination and complete blood biochemistry 
and hematology were performed at arrival. Exclusion 
criteria were analgesics (NSDs and opioids) or steroids 
administration within the two weeks prior to surgery and 
corticosteroids intra-articular injections performed less 
than three months earlier. The dogs were randomly as-
signed to one of two treatment groups, each composed 
by 9 animals. Group C (Carprofen) received IV carprofen 
(Rimadyl®, Pfi zer), 4 mg/kg, 30 minutes before the pre-
medication, whereas group P (Placebo) received the cor-
respondent volume of placebo saline. Each time a black 
tape-covered prefi lled syringe containing either carpro-
fen or placebo was given to the anesthetist, unaware of 
the treatment, immediately before the injection. 

Anesthesia

In both groups, dogs were premedicated with IV sufen-
tanyl (Fentatienil®, Angelini), 0.5 μg/kg, administered 
over 1 min. Fifteen min later, general anesthesia was in-
duced with IV propofol (Rapinovet®, Schering), titrated 
to effect. The trachea was intubated and isofl urane (Iso-
fl o®, Esteve) in 100 % oxygen delivered via circle breath-
ing system. End tidal isofl urane concentration (EtISO) 
was targeted at 1,4 % (1.1 MAC; Steffey and Mama, 
2007) throughout the procedure. Dogs were allowed to 
breath spontaneously unless the end tidal carbon diox-
ide concentration (EtCO2) increased over 45 mmHg; 
if so, mechanical ventilation was performed with pres-
sure controlled mode, set to deliver a peak inspiratory 
pressure of 10 – 12 cm H2O at a respiratory rate of 8 – 10 
breaths per minute. This resulted in a tidal volume of 
10 – 12 ml/kg/h. Ringer lactated solution (Ringer Lattato, 
Galenica Senese) was administered IV at a rate of infu-
sion of 10 ml/kg until the end of anesthesia. The dogs 
were fully instrumented with a multiparametric moni-
tor (Mindray, PM 7000) and heart rate (HR), respiratory 
rate (RR), EtCO2, EtISO and arterial oxygen hemoglobin 
saturation (SpO2), were manually recorded every 5 min. 
Arterial blood pressure values (systolic, diastolic and 
mean; respectively SAP, DAP and MAP) were also mea-
sured non invasively via oscillometric technique and re-
corded at 5 min intervals. Intra-operative analgesia was 
provided by sufentanyl constant rate infusion (CRI) IV 
via infusion pump (bBraun Perfusor Compact®, Braun), 
starting with an infusion rate of 0.5 μg/kg/h after a load-
ing dose of 0.5 μg/kg. If decreased level of unconscious-
ness (increased palpebral refl ex or jaw tone) was ob-
served, additional propofol, 1 mg/kg, was administered 
IV. At the end of the surgical procedure, sufentanyl CRI 

Introduction
Tibial Plateau Leveling Osteotomy (TPLO) is an inva-
sive surgical procedure, which is becoming increasingly 
popular in many veterinary clinics for treating cranial 
cruciate ligament rupture in dogs. In the anesthesia man-
agement of dogs undergoing invasive orthopedic proce-
dures, adequate peri-operative analgesia is essential to 
reduce discomfort, improve recovery and facilitate an 
early return to limb function after surgery (Hoelzler et 
al., 2005). Because peripheral nociceptors stimulation 
during surgery can already lead to peripheral hypersen-
sitivity and upregulation of central neuronal activity, it 
is desirable to prevent, rather than treat, surgical pain 
(Lascelles et al., 1998). Once neural pathways are sensi-
tized, physiological and behavioral responses to nocicep-
tive stimulation can persist even when the nociceptive 
stimuli terminate, and prolonged and intensifi ed pain 
responses can be observed when further stimulation of 
the site occurs (Lamont, 2002). 
Preemptive analgesics administration prevents central 
sensitization, thus limiting pain perception and improv-
ing the overall anesthetic outcome. Ideally, the analgesic 
drug to be administered prior to surgery for this pur-
pose should have long duration of action, in order to 
optimize the patient comfort through the most pain-
ful period. Besides opioids and alpha-2 adrenoreceptor 
agonists, options for controlling peri-operative pain in 
dogs include non steroidal anti-infl ammatory drugs 
(NSDs) (Hellyer and Gaynor, 1998; Lascelles et al., 1998; 
Shih et al., 2008). 
Non steroidal anti-infl ammatory drugs exert their pe-
ripheral anti-infl ammatory action by inhibiting the 
cyclooxygenase mediated synthesis of prostaglandins. 
Besides the peripheral analgesic effect, there is increas-
ing evidence that NSDs have a central mechanism of 
action which may be the result of both interference 
with the formation of prostaglandins within the cen-
tral nervous system and blockade of serotonin release 
(Cashman, 1996). Carprofen is a relatively long lasting 
NSD that seems not to determine detectable adverse ef-
fects on renal function when administered pre-operative-
ly in healthy dog (Ko et al., 2000; Boström et al., 2002; 
Frendin et al., 2006).The post-operative administration 
of carprofen in dogs undergoing ovariohysterectomy and 
orthopedic surgeries has been shown to consistently im-
prove the quality of analgesia (Dee, 2001; Slingsby and 
Watermann-Pearson, 2002; Erol and Izci, 2011). How-
ever, to the authors’ knowledge the effi cacy of carprofen 
administered prior to surgery in dogs undergoing a stan-
dardized orthopedic procedure such as TPLO has never 
been investigated.
The purpose of this prospective, randomized, blinded, 
placebo controlled clinical trial was to evaluate the effec-
tiveness of pre-operative administration of intravenous 
(IV) carprofen in dogs undergoing TPLO in improving 
peri-operative analgesia. 
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Results
Mean body weight and age of the dogs assigned to group 
C were 42.2 (± 12.3) kg and 4.3 (± 2.3) years respectively, 
whereas in group P mean body weight was 34.9 (± 9.6) kg 
and mean age 4.6 (± 2.2) years. No statistically signifi cant 
differences in body weight and age were found among treat-
ment groups. General anesthesia was uneventful and mean 
duration of surgery was 124 (± 12) min in group C and 
118 (± 29) min in group P. As the procedure was standard-
ized and the time required for preparation of the surgical 
fi eld always the same, the surgical incision corresponded to 
time point 30 (30 min after intubation) in all animals. At 
this time point, group P showed a statistically signifi cant 
increase in HR (P = 0.0001), SAP (P = 0.0007) and MAP 
(P = 0.0001), whereas in group C, although a slight increase 
in MAP was observed, this was not statistically signifi cant 
(Fig. 1). Group P had signifi cantly greater MAP and DAP 
than group C at time points 30, 60, 90, 120, 150 (P < 0.05), 
whereas no statistically signifi cant differences in HR, SAP 
and RR were found among treatment groups at any time 
point. Intra-operatively, group P received a higher sufen-
tanyl rate of infusion than group C (median and interquar-
tile ranges 0.45 [0.68 – 0.18] μg/kg/h and 0.38 [0.65 – 0.38] 
μg/kg/h, respectively; Fig.2); however, this difference was 
not statistically signifi cant. No statistically signifi cant dif-
ferences in intra-operative propofol doses were observed 
between treatment groups (Fig. 2). 
Post-operatively, 2 dogs of group C and 7 dogs of group 
P showed dysphoria at recovery; for this reason, medeto-
midine was administered. In group P the proportion of 
animals receiving medetomidine at awakening was sig-
nifi cantly higher than in group C (P = 0.002). All the dogs 
included in the study required the administration of bu-
prenorphine within one hour from recovery; however, in 
the period of time between 30 and 360 minutes from ex-
tubation, group P received greater rescue buprenorphine 
doses than group C (medians and interquartile ranges 
19.5 [19.5 – 20] μg/kg and 10.2 [10 – 15] μg/kg, respec-
tively, P = 0.02; Fig. 2). Post-operative pain scores were 
signifi cantly higher in group P than in group C at most of 
the time points (30, 60, 120, 180 and 300; P < 0.05; Fig. 3). 

Discussion

The administration of carprofen prior to surgery resulted in 
superior intra-operative cardiovascular stability compared 
to placebo saline; this seems to indicate that group C had a 
more stable plane of anesthesia than group P, probably due 
to better intra-operative analgesia. As demonstrated by the 
higher doses of rescue buprenorphine and the greater pain 
scores achieved by group P compared to group C, and by 
the fact that the number of animals requiring post-opera-
tive medetomidine was higher in group P than in group C, 
pre-emptive carprofen contributed to improve quality of 
recovery and post-operative comfort and analgesia. 

was discontinued and a soft cast applied on the operated 
limb. When dysphoria (Defi ned as anxiety, restlessness 
and continuous vocalizations) was observed at recovery, 
3 μg/kg medetomidine were administered IV.

Intra-operative nociception assessment

Sufentanyl rate of infusion was adjusted based on changes 
in HR, RR and MAP. Cut off values were defi ned as 20 % 
more of the baseline values, recorded before the begin-
ning of the surgical stimulation. When increases of two 
of the above parameters (HR, RR and MAP) over the cut 
off value were observed, a loading dose of sufentanyl was 
administered IV (0.25 μg/kg); afterwards, the rate of in-
fusion was incremented by 0.25 μg/kg/h every 10 minutes 
until cardiovascular and respiratory parameters normal-
ized. 

Post-operative pain assessment

Post-operative pain assessment was performed using 
numerical descriptive scale ranging from 0 to 24 as de-
scribed by Hellyer and Gaynor at the following time 
points: 30, 60, 120, 180, 240, 300 and 360 minutes after 
extubation. The cut off value for the administration of 
rescue buprenorphine (Temgesic®, Schering Plough; 
10 μg/kg IV) was a score exceeding 15. Intra-operative 
and post-operative nociceptive assessments were always 
performed by the same anesthetist, blind to the treat-
ment.

Statistical analysis

Statistical analysis was performed with a software com-
mercially available (NCSS 2007). Body weight and age 
of the animals and duration of the surgical procedure of 
each treatment group were analyzed with one way Ano-
va. Intra-operative physiological variables were analyzed 
with Anova repeated measures, followed by Bonferroni 
multiple comparison test. The dosages of sufentanyl and 
propofol administered during anesthesia to each group 
were analyzed with one way Anova, followed by Bon-
ferroni multiple comparison test. In both groups some 
dogs had a surgery time longer than 120 min; however, 
because in the majority of the animals (group C: n-4; 
group P: n-4) the surgical procedure ended 120 min after 
the incision (150 min after intubation), intra-operative 
variables were analyzed until this time point. The pro-
portions of animals receiving medetomidine at recovery 
within each group were analyzed with Fisher exact test. 
Total rescue post-operative buprenorphine received by 
each group between 30 and 360 minutes after extubation 
was analyzed with one way Anova. P values less than 0.05 
were considered statistically signifi cant. Unless differ-
ently specifi ed, data are indicated as means and standard 
deviations.
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Figure 1: Means of intra-operative heart rate (HR) and mean arterial blood pressure (MAP) in Carprofen (C = ) and Pla-
cebo (P = ) groups; 2, 5, 10, 30, 60, 90, 120 and 150 min after intubation; I: surgical incision. †P < 0.05 (for comparison 
among time points within the same treatment group); *P < 0.05 (for comparison among treatment groups).
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It is well recognized that multimodal analgesia can be 
achieved by additive or synergistic effects between anal-
gesics with different mechanisms of action (Hoelzler et 
al., 2005; Tobias et al., 2006); therefore, it is reasonable 
to assume that the administration of carprofen prior to 
intra-operative sufentanyl improved the overall peri-
operative analgesia through a pharmacodynamic mecha-
nism. Additionally, carprofen may have enhanced the in-
tra-operative analgesia provided by sufentanyl through a 
pharmacokinetic effect. As in humans the plasma protein 
binding is extremely high for both NSDs and sufentanyl 
(99 % and 92 %, respectively; Verbeeck et al., 1983; Scholz 
et al., 1996), we hypothesize that competition of the two 
drugs for the same binding sites could have displaced part 

of the sufentanyl from the plasma proteins, increasing the 
free sufentanyl concentration available in the system and 
actively exerting analgesic effects (Buur et al., 2009). 
During surgery, the starting rate of infusion of sufen-
tanyl was set at relatively low values (Bufalari et al., 2007; 
Lamont and Mathews, 2007). This decision was made 
with the purpose of using the least possible opioid dose, 
in order to increase the probability to detect differences 
in intra-operative analgesia between treatment groups. 
We expected group C to need lower intra-operative suf-
entanyl rates of infusion than group P, and it is diffi cult 
to explain why the two treatment groups required com-
parable opioid doses. One possible explanation is that 
the increase in free sufentanyl concentration in group 
C enhanced its analgesic effect, but also accelerated its 
clearance from the system, thus contributing to a con-
current decrease in total drug concentration (Buur et 
al., 2009). The continual input of sufentanyl from the 
CRI probably replaced the amount of opioid eliminated 
from the body, but it is possible that, due to the enhanced 
clearance, higher doses of the opioid were required to 
maintain the minimum drug concentration necessary to 
exert pharmacological effect.
Many dogs showed dysphoric recovery and required the 
administration of medetomidine. One limitation of this 
study is that the administration of a sedative drug in the 
early post-operative period could have infl uenced the re-
sults due to a more diffi cult pain assessment in sedated 
animals. Medetomidine also exerts some spinal analge-
sic effects (Lemke, 2007), which may have contributed 
to lower the pain scores in dogs which received it. The 
poor recovery observed in the majority of the dogs could 
have been the result of an inappropriate anesthetic pro-
tocol. The addition of a long-lasting sedative drug, such 
as acepromazine, in premedication, could have improved 
the recovery and decreased the probability of observing 
dysphoria at awakening.
In conclusion, preemptive carprofen was effective in 
improving the overall peri-operative analgesia in dogs 
undergoing TPLO and receiving intra-operative sufen-
tanyl CRI; however, our results show that, when invasive 
orthopedic procedures are performed, the addition of a 
systemic analgesic, such as buprenorphine, in the post-
operative period is necessary to maintain an adequate 
plane of analgesia. 

Application préventive de Carprofen pour le 
traitement péri opératoire de la douleur chez 
des chiens avec TPLO (Tib ial Plateau Leveling 
Osteotomy): Une étude clinique prospective 
randomisée et contrôlée par placebo

La présente étude comprend 18 chiens de proprié-
taires privés présentés pour une TPLO (Tibial Plateau

La somministrazione preventiva di carprofen 
per la terapia del dolore perioperatorio nei cani 
affetti da osteotomia di livellamento del piatto 
tibiale (TPLO): uno studio prevedibile, rando-
mizzato, controllato con placebo in cieco clinico

Diciotto cani sottoposti ad osteotomia livellante del pla-
teau tibiale (TPLO) sono stati inclusi in questo studio.

Figure 3: Means of pain scores (Hellyer and Gaynor, 1998) 
in Carprofen (C = ) and Placebo (P = ) groups; 30, 60, 
120, 180, 240, 300 and 360 min after extubation; *P < 0.05 
(for comparison among treatment groups).
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