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CBC   complete blood count 

GCMPS-SF  Short form of Glasgow Composite Measure Pain Scale  

CI   confidence interval 

CSU   Colorado State University 

CT    computed tomography 

Dipl.   Diplomate 

Dr.   Doctor 

ECVAA  European College of Veterinary Anaesthesia and Analgesia 

ECVN   European College of Veterinary Neurology  
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g   gram 
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h   hours 

IM   intramuscular 

IV   intravenous 

IVD   intervertebral disc 

IVDD    intervertebral disc disease 

kg   kilogram 

LAVES  Niedersächsisches Landesamt für Verbraucherschutz und Lebensmittelsicherheit 

mg   milligram 



	
	

min   minute 

ml   milliliter 

MRI    magnetic resonance imaging 

n   number of dogs 

NSAID   Non-steroidal anti-inflammatory drug 

P    placebo  

PG   pregabalin 

pH   negative decade logarithm of the molar concentration of dissolved hydrogen ions 

Prof.   Professor 

SD   standard deviation 

SPSS   Statistical Package for the Social Sciences 

SQ   subcutaneous 

rp HPLC  reverse phase high-performance liquid chromatography 

VAS   Visual Analogue Scale 

4A-VET  French Association for Animal Anaesthesia and Analgesia pain scale  
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II.  Introduction 

 

	Intervertebral disc disease (IVDD) is a frequent neurological disorder in the canine patient. With 

reported rates of 20% of neurological disease in the dog, it is one of the most common reasons to 

undergo neurosurgery (1). It is well recognized that surgery in the case of IVDD results in a mixed 

type of pain, with nociceptive pain caused by the operative tissue damage and manipulation but 

also inflammatory pain and neuropathic pain caused by the compression of the spinal cord and the 

manipulation of the latter during surgery (2). Therapeutic options for nociceptive pain are well 

established; there are, however, challenges in adequate control of neuropathic pain (3,4). Opioids 

and non-steroidal drugs show lower efficacy in neuropathic pain compared to nociceptive pain, and 

in some cases even resistance to therapy is encountered with regular pain medication (3,5,6). 

Hence, in many patients a combination of different pharmaceuticals is necessary for sufficient pain 

control (3,4,7). Because of the difficulties in the treatment of neuropathic pain, a variety of 

alternative medications to the traditional analgesics have found their way in its treatment with 

partially promising results. Among others, antidepressant drugs, cannabinoid drugs, topical 

medication, and antiepileptic drugs are now widely used in human medicine (6-14). 

Gabapentin, which was introduced in 1993 as an antiepileptic drug, is now used as additional 

medication in the multimodal management of neuropathic pain in people as well as in small animals 

(8,15-17). More recently, 	pregabalin (PG), which is the designated successor of gabapentin, was 

introduced in human medicine. Although not completely understood, the analgesic mechanism of 

action of gabapentin and PG is thought to be caused by binding to the a2d-subunit of voltage-gated 
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calcium channels (18,19). This a2d-subunit protein has four subtypes and has been shown to be a 

high-affinity binding site for all gabapentinoids (20). The associated calcium channels can be up- 

regulated in the spinal cord as well as the dorsal root ganglia after surgical trauma. The analgesic 

effect is thought to be caused by inhibiting the calcium influx through these channels. This, in turn, 

leads to an inhibition of the release of excitatory neurotransmitters (19). Both gabapentin and PG 

showed good results in decreasing post-surgical neuropathic pain (14,21,22). Kumar et al. found 

significantly lower postoperative pain scores in patients undergoing lumbar laminectomy treated 

with PG 1 hour before induction of anaesthesia compared to the placebo group (21). In another 

study visual analogue scale (VAS) scores were significantly lower at rest and especially during 

movement after decompressive spine surgery in patients treated with PG compared to a placebo 

group (22). Furthermore, there is evidence for the efficacy of pre-emptive PG in orthopaedic and 

soft-tissue procedures in humans (23-26). 

Both gabapentin and PG are absorbed in the small intestine via an active transport process. This 

process is mediated by a low-capacity amino acid transporter (LAT) (18,27). In addition, PG seems 

to be absorbed  by other transport systems that enable absorption along both the small and large 

intestine (18). 

In humans and dogs, PG showed an advantageous pharmacokinetic profile compared to gabapentin. 

PG has a linear and dose-independent absorption as well as a narrow therapeutic dosing range, 

leading to a reliable effect at a certain dosage (28,29). Furthermore, potentially better efficacy of 

PG is reported in human studies (18). A recent study evaluating the postoperative analgesic efficacy 

of gabapentin as an adjunctive medication in dogs that underwent spinal surgery showed a tendency 

towards lower pain scores; this did not, however, reaching statistical significance (15).  

Considering the aforementioned results of human and animal data, the aim of this thesis is to 

evaluate the efficacy of PG as supplementary analgesia in dogs after intervertebral disc surgery. 
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1. Literature Review 

1.1. Pathogenesis, incidence, and diagnosis of IVDD 

The intervertebral discs (IVDs), functioning as shock absorbers, are located between each vertebral 

body with the exception of the first and second vertebrae of the cervical spine and the fused sacral 

vertebra (30-35). The IVD consists of a fibrous outer ring, the annulus fibrosus, and an inner 

amorphous gelatine center, the nucleus pulposus (35). IVDD is a frequent neurological disorder in 

the canine patient. With reported rates of 20% of neurological disease in the dog, it is one of the 

most common reasons for the neurologic patient to be presented to small-animal veterinarians and 

undergo surgery (1,30,31). 

Since Hansen first described the different types of IVDD in dogs in the 1950s, this topic has been 

the target of plenty of research. According to Hansen two types of IVDD are distinguished. Hansen 

type 1 is described as explosive extrusion of the IVD, whereas type 2 is a bulging protrusion (32). 

Furthermore, Hansen described the two types of degeneration or metaplasia of the IVD, namely, 

chondroid and fibrous degeneration and their appearance in two different types of dog breeds, 

distinguishing between chondrodystrophic, more prone to develop type 1 IVDD, and non-

chondrodystrophic, more prone to develop type 2. Loss of glycosaminoglycans and an increase in 

collagen content resulting in a reduced water content is typically observed in chondroid metaplasia. 

This, in turn, results in a general loss of hydroelastic properties of the IVDs, impeding their ability 

to withstand pressure (35). In contrast, fibrous metaplasia is a degenerative process that is age 

related. Fibrous metaplasia is characterized by degeneration of the annulus fibrosus and concurrent 

fibrous collagenization occurring in the nucleus pulposus (35). 

In addition to the standard classification, a particular kind of IVDD associated with type 1 was 

described. In these cases the calcified nucleus spreads into the epidural space over some vertebrae, 
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in many cases with no clear center of compression (32). A low-volume/ high-velocity disc 

extrusion of non-degenerated nucleus pulposus material in athletic dogs occurring related to 

extreme motion of the spinal cord was described by Griffiths (33).  De Risio further divided these 

kind of lesions in acute non-compressive nucleus pulposus extrusions and 

intradural/intramedullary IVD extrusions (34). 

Thoraco-lumbar disc herniation accounts for approximately 66% to 87% of dogs affected by IVDD 

(32,35). IVDs between T12 and L3 have been reported as high-risk locations for disc herniation, 

with T12 to T13 and T13 to L1 being the most commonly affected in chondrodystrophic dogs (35-

39). 

Cervical disc disease accounts for only 14% to 25% of all disc disorders in dogs, with C2 to C3 

being the most commonly affected IVD space in small-breed dogs, whereas C6 to C7 is most 

commonly affected in large-breed dogs (40-42). In contrast, more recent data found C5 to C6 and 

C6 to C7 to be the most affected  disc spaces for all breeds (41,43). 

Myelography has been the main diagnostic tool of IVDD for decades and has been accompanied 

by computed tomography (CT) since the 1980s (44,45). Despite the satisfying results of 

myelography and CT, magnetic resonance imaging (MRI) is considered the gold standard imaging 

modality because of its superior accuracy in localizing and identifying IVDD and associated 

damage to the spinal cord, as well as its non-invasive nature, compared to myelography (35,36,46-

48). 

 

1.2. Surgical Treatment of IVDD 

In many cases of IVDD surgery is required, with failure of conservative treatment, permanent 

therapy-refractory pain, and progressive neurological deficits being the definitive indications for 

surgical intervention (49). 
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For surgical decompression of IVDD of the cervical spine, the most commonly used procedure is 

the ventral slot decompression via a ventral approach to the cervical spine. Less commonly a 

hemilaminectomy or dorsal laminectomy is performed (35).  The ventral slot procedure allows 

removal of disc material that is ventrally located. Access for removal of dorsally or lateralized disc 

material, however, is limited. To prevent postoperative instability, the slot should not exceed one 

third of the width and one third of the length of the vertebrae (35).  

In the thoraco-lumbar spine traditional decompression techniques include hemilaminacotmy and 

dorsal laminectomy. Additional techniques such as the minihemilaminectomy, pediculectomy, 

extended pediculectomy, and partial pediculectomy have been described to promote less invasive 

approaches with less vertebral bone removed (35). Hemilaminectomy is the most common 

approach to the spinal cord in the thoraco-lumbar region. It has been associated with a high rate of 

postoperative neurological improvement (35). It allows direct access to the ventral and lateral part 

of the vertebral canal. Thereby, removal of the extruded disc material is facilitated. Complete spinal 

cord decompression can be evaluated and access for disc space fenestration is provided (35). 

 

1.3 Postoperative pain 

Treatment of the resulting pain after surgery is challenging in patients with spinal cord compression 

because it is considered a mixed type of pain. Apart from the nociceptive pain resulting from the 

operative tissue damage and manipulation, neuropathic pain has to be addressed in the 

postoperative pain management. Neuropathic pain is initiated or caused by a primary lesion in the 

nervous system. Reasons can be injury or disease that damages the axons or the soma of a sensory 

neuron. Furthermore, disruption of the myelin sheath is observed (50,51). In the treatment of 

neuropathic pain, it is crucial to understand the pathophysiology of neuropathic pain, which is 

different from normal nociception. It is accepted that occurrence of neuropathic pain is due to 
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reorganization of sensory transmission after injury to the nervous system (51). The disruption of 

the glial sheath after injury leads to denuded axons lying in direct contact, subsequently resulting 

in electrical and chemical cross-excitation. Furthermore, a disruption of the inhibition of pain 

transmission neurons in the dorsal horn is described (52,53). This is thought to be the mechanism 

leading to hyperalgesia, allodynia, and spontaneous pain after nerve injury (53). In IVDD this 

neuropathic pain is caused by the compression of the spinal cord and concomitant damage of fibers 

of the nociceptive system and the manipulation of afferent fibers during surgery.  

Apart from the complexity of its diagnosis, adequate therapy of neuropathic pain is even more 

challenging (3,4). Opioids and non-steroidal anti-inflammatory drugs (NSAIDs) have been the 

treatment of choice in recent years for patients known to suffer from postoperative neuropathic 

pain. Although opioids and NSAIDs show adequate analgesia in the treatment of nociceptive pain, 

their efficacy in neuropathic pain is insufficient even with high dosage (3,5). Furthermore, high 

dosage of these pharmaceuticals holds the risk of side effects like obstipation, urinary retention, 

gastrointestinal side effects, and alterations in kidney perfusion (54-57). 

 

1.4. Opioids 

1.4.1. Methadone 

Methadone represents a full mu opioid receptor agonist. It is also described to be an agonist at the 

N-methyl D-aspartate receptor and, in addition to that, it is reported to inhibit norepinephrine re-

uptake. Methadone is a lipophil, basic agent with a pKa of 9.2 (60). It is most commonly available 

as a racemic mixture consisting of two enantiomers, namely, R-methadone and S-methadone. 

Methadone possesses a low oral bioavailability in dogs due to the hepatic first-pass effect. After 

intramuscular injection, however, it shows rapid absorption. Variable absorption is reported after 

subcutaneous administration. Methadone has been proven to be highly effective as an analgesic 
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agent when used perioperatively as well as postoperatively, and it is recommended for treatment 

of acute pain in veterinary medicine. It provides profound analgesia with an expected duration of 

action of 3 to 4 hours with a dosing range from 0.2 to 0.5 mg/kg (61). Common reported side effects 

include nausea, vomiting, and dysphoria, which have been demonstrated to be dose and 

administration-route related (60,61).  Differences in pharmacokinetics of methadone in dogs were 

also shown after either IV or SC injection. In detail maximum plasma concentration of methadone 

after IV injection was detected after 10 minutes. The evaluated   plasma   concentration   that was 

found for methadone at that time point was  82.1  ±  9.2  ng/ml (mean  ±  SD) followed  by  a  rapid  

decline. Terminal half-life after IV administration was found to be 3.9 hours. Time to maximal 

half-life after SC administration was 1.26 h and a maximal plasma concentration of 23.9 ± 14.4 

ng/ml was found. With 10.7 hours the terminal half-life after SC injection was significantly longer 

compared with IV injection (60).    

 

1.4.2. Fentanyl 

The synthetic opioid fentanyl is a potent agonist at the mu opioid receptor (59). After intravenous 

or subcutaneous injection, it possesses short-acting but highly effective analgesic effects. The 

potency of fentanyl is accepted to be nearly 100 times that of morphine (61). This is explained by 

its higher lipophilic characteristics as this enhances its crossing of the blood-brain barrier. 

However, it is rarely used for long-term bolus injection therapy as even with the substantially 

longer distribution half-life in dogs, compared to human beings, the clinical effects of fentanyl are 

still too short acting after injection (61). A pharmacokinetic evaluation in dogs revealed a rapid 

decrease in plasma concentrations in the first 20 minutes after single intravenous injection (107). 
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The low molecular weight, lipid solubility, and high potency make fentanyl a suitable opioid for 

transdermal application. Fentanyl patches have been used in small animals for transdermal opioid 

application with a bioavailability of 63.8% in dogs (58). Suggested benefits of transdermal fentanyl 

application are a continuous administration of the drug leading to a steady-state plasma 

concentration, bypass of the hepatic first-pass metabolism that occurs when administered orally, 

reduced invasiveness, and reduced dosing frequency (58,62). Fentanyl patches consist of different 

layers starting from the outside to inside with a protective polyester film backing, a reservoir for 

fentanyl in alcohol, a semipermeable membrane controlling the release, a silicone adhesive layer 

that is fentanyl saturated and allows attachment to the patient, and a cover (Figure 1) (58,63,64). 

They are available in four different sizes with different release rates ranging  from 25 to 100 mcg/h 

with a 25 mcg increase of the rate for each size (58,63). Pharmacokinetic evaluation in dogs 

revealed highest peak plasma levels when a 100 mcg/h patch was applied to the caudal abdomen. 

The second-highest concentration of peak plasma levels was achieved with a dosage of 4 mcg/kg 

per hour independent from application site and skin preparation. Egger et al. evaluated plasma 

fentanyl concentrations in dogs after application of 50 and 100 mcg/h transdermal fentanyl patches 

and found a reliable steady-state period occurring only after 24 to 72 hours after application. They 

concluded that the patches should be applied at least 24 hours ahead of the anticipated time point 

at which analgesic treatment will be required (63). In this study plasma concentrations were not 

significantly higher with the 100 mcg/h patch when compared to the 50 mcg/h patch. Elimination 

half-life of fentanyl after patch removal in dogs ranges from 1.39 to 3.6 hours in different studies 

(58). 

Despite the aforementioned advantages of transdermal fentanyl patches, disadvantages and 

complications are also reported. In humans transdermal fentanyl is even contraindicated in acute 

postoperative pain due to adverse respiratory effects (62). Further reported adverse effects in 
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humans include dermal or skin reactions, sedation, constipation, urinary retention, headaches, 

anxiety, depression, delirium, euphoria, and death (62). In small animals cutaneous irritation, 

sedation, incomplete or insufficient  adhesion of the patch, and unpredictable and variable uptake 

are mentioned as disadvantages (58). 

The (exact) amount of fentanyl absorbed by different individuals depends on several factors, 

including body temperature and skin perfusion. In human patients a change of 3°C in body 

temperature altered the plasma levels of fentanyl, with lower levels detected at lower temperatures, 

when administered via transdermal application (62). Also in small animals mild hypothermia 

together with general anaesthesia led to decreased plasma fentanyl concentrations when compared 

to the control group (58). 

No influence on peak plasma concentrations was found when increased epidermal thickness was 

evaluated in dogs. However, longer time was necessary to attain effective levels when applied in 

areas of thicker skin (58). 

All the aforementioned issues make clear that transdermal fentanyl leads to highly variable plasma 

levels of fentanyl when applied via transdermal patches (58,63-65). 

 

 

Figure 1: Schematic illustration of a fentanyl patch. Fentanyl is held in the drug reservoir between 

an adhesive layer accommodating a rate-controlling membrane facing the patient’s skin and a 
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backing layer (From: Mark D Reeves and Corinne J Ginifer: Fatal intravenous misuse of 

transdermal fentanyl. Med J Aust 2002; 177(10):552-554.) 

 

1.5. Gabapentinoids 

Pregabalin (S-[+]-3-isobutylgaba) is a gamma-aminobutyric acid analogon (GABA-analog) 

developed in 1990 as an anticonvulsant drug. Although the exact mode of action of PG remains 

unclear, it interacts with the same binding sites as gabapentin, showing similar pharmacologic 

characteristics with linear and dose-independent absorption as well as a narrow therapeutic dosing 

range leading to reliable efficacy at a certain dose (28). Furthermore, a potential advantageous 

efficacy of PG compared to gabapentin is reported in human studies (18,71). 

Currently there are two main types of GABA receptors described: the GABAA receptor, 

representing an ionotropic receptor, and the GABAB  receptor, representing a metabotropic 

receptor. Additionally, a second ionotropic GABA receptor, namely, the GABAC receptor, has 

been described.  Great diversity is found in the subunit families of the GABAA receptors. For the 

GABAB two isotypes are described, namely, the GABAB1 and the GABAB2. No activity of PG at 

the GABAA and only restricted activity at the GABAB receptors could be observed, as the name 

GABA-analogon might misleadingly suggest. Furthermore, no metabolic conversion to GABA or 

a GABA antagonist was shown. There are no alterations in GABA uptake or GABA degradation 

induced by PG (11,73-76). 

Similarly to gabapentin, PG is an alpha2-delta ligand, and it has been shown that binding of PG to 

alpha2-delta subunits of presynaptic, voltage-dependent calcium channels in the dorsal root 

ganglion of the spinal cord is the mainstay of its action (74). It is now the most commonly accepted 

site of its effect (13). This is underlined by experimental studies in mice with mutations of the 

alpha2-delta subunit that led to complete loss of the analgesic effect of gabapentinoids (13). 
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These alpha2-delta subunits are an important component of all voltage-dependent calcium channels, 

which are responsible for calcium influx and thereby cause the release of excitatory 

neurotransmitters (73,76,77). The upregulation of these alpha2-delta subunits plays an important 

role in the development of neuropathic pain (74). 

Currently, there are four alpha2-delta subunit subtypes identified. Subtype 1 and 2 (alpha2-delta-1 

and alpha2-delta-2) have been shown to be the main binding site for PG and other gabapentinoids 

whereas no significant drug-binding properties have been identified for subtypes 3 and 4 (13). 

High expression of alpha2-delta-1 mRNA and proteins has been observed in cardiac and skeletal 

muscle tissue, as well as in the cerebellum, hippocampus, cerebral cortex, and spinal cord. 

Expression of alpha2-delta-2 is mainly found in the cerebellum and to a lesser extent in the 

hippocampus, medulla, and striatum. Despite the high expression of alpha2-delta-1 in non-neuronal 

tissue, as for example cardiac and skeletal muscle, binding of PG to these subunits does not affect 

cardiovascular functions or skeletal muscle contraction (13). Considering this it seems that the 

pharmacological effect of PG and other gabapentinoids is exclusively mediated at neuronal 

synapses via binding to the alpha2-delta subunit (13). 

It has been observed that PG appears to modulate the excitability of neurons, especially in areas 

with a high number of synaptic connections, which reduce ectopic activity. However, an effect on 

normal nerve function is not expected (74,76). 

By binding to the alpha2-delta subunits PG reduces the calcium influx into the cell membranes of 

the presynaptic neurons resulting in a decrease of the release of several excitatory neurotransmitters 

including glutamate, norepinephrine, dopamine, serotonin, and substance P. It has been shown in 

human patients that perioperative PG reduces postoperative pain, opioid consumption, and opioid-

related adverse effects (8,14,21,22,77,78). A reduction in early postsurgical pain at rest, and even 
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more obvious during movement, was demonstrated in patients receiving peri- and postoperative 

PG in a recent study evaluating postoperative pain after major spinal surgery (22). 

Gabapentin, the predecessor of PG, has even found its way into veterinary medicine for the 

treatment of neuropathic pain with partially promising results (15,79,80).  

In human as well as veterinary medicine the pharmacokinetics of PG have been evaluated and it 

has been considered for the treatment of therapy refractory epilepsy (29,81). However, no definitive 

therapeutic plasma concentrations for PG have been established for either the treatment of focal 

epilepsies or for the treatment of neuropathic pain (29,82,83). In human patients, however, a 

therapeutic range of 2.8 to 8.3 µg/ml for the treatment of epilepsy has been suggested (82). There 

is only one current study evaluating the pharmacokinetics of PG in the dog (29). The authors of the 

aforementioned study referred to the range of therapeutic plasma concentrations of human patients 

that were reached with a dosage of 4 mg/kg with an 8-hour dosing interval and suggested a minimal 

effective concentration of 2.8 µg/ml for establishment of a therapeutic range in the treatment of 

epilepsy (29). Even if no definitive therapeutic plasma concentrations have been established, in 

human patients equal dosing ranges for the treatment of both epilepsy and neuropathic pain are 

used (6,21,22,82,83). 

Considering the aforementioned results of human- and small-animal data, our hypothesis was that 

PG as add-on medication would significantly reduce pain in the postoperative period in dogs after 

IVD surgery compared to a solely opioid-based analgesia. 

 

1.6. Pain scoring 

A challenge in veterinary patients is the evaluation of postoperative pain, and especially 

neuropathic pain.  In recent years several scoring methods haven been developed in small animals 

(66,67). Many scoring systems include behavioral and physiologic variables. Despite being 
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published in the veterinary literature, only a few have been validated (66). So far, no gold standard 

for pain assessment in small animals has been developed, but the use of one of the available scales 

is strongly recommended to tailor analgesic therapy to the individual patient´s needs (67). 

However, in the choice of the scale it is important to closely evaluate the assessed criteria and 

parameters and to differentiate between acute and chronic pain states (66-68). The different types 

of pain, like nociceptive, inflammatory, neuropathic, or visceral and somatic pain, lead to more 

sources of error in adequate pain assessment.  Nowadays it is widely accepted that observation of 

the animal’s behavior is the most accurate way of evaluating pain, while physiologic parameters, 

such as pupil dilation, changes in respiratory and heart rate, and changes in arterial blood pressure, 

are not specific or reliable enough for differentiation between pain and other stressful events such 

as fear and anxiety (67,68). But behavioral changes can be subtle, only evident for a short period 

of time, or individually different, which further explains the difficulty in pain assessment in small 

animals (66).  

For evaluation of acute pain in dogs different pain scales are available. The numerical rating scale, 

simple descriptive scale, and VAS have been used as examples of simple uni-dimensional scales 

in veterinary medicine (66). In this type of scale, a subjective evaluation of the pain intensity based 

on user experience is given. Because of their pure subjective nature, significant variations were 

demonstrated between observers when using these scales (69).  

To assess pain, availability of a validated pain score is important. Validation provides documented 

evidence that examinations will lead to consistent results. 

The Glasgow composite measure pain scale and its short form (GCMPS-SF) as well as the French 

Association for Animal Anaesthesia and Analgesia pain scoring system (4A-VET) are examples 

of composite scales (70,71). With the GCMPS-SF a validated scale for use in acute pain 

measurement is available for dogs. Furthermore, for the GCMPS-SF an intervention score level 
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has been developed at which analgesia is deemed insufficient. 

Recently, an effort has been made also to validate the 4A-VET for orthopaedic, postoperative pain 

in dogs (72). Other non-validated composite scales include the Colorado State University (CSU) 

acute pain scale, the University of Melbourne Pain scale, and the Japanese Society for Animal Pain 

canine acute pain scale. All of these scales combine behavioral and interactive components.  
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2. Material and Methods 

 

2.1. Animals 

 

This study evaluated 47 client-owned dogs with thoracolumbar IVDD as well as seven dogs with 

cervical IVDD that were presented to the Small Animal Clinic, University of Veterinary Medicine 

Hannover Foundation between July 2010 and June 2011. All dogs included in this study had to 

undergo surgery as they were refractory to conservative treatment or showed deteriorating 

neurological status. Dogs that were pre-treated with antiepileptics or pain medication were 

excluded, except for those treated with NSAIDs or corticosteroids. Furthermore, dogs that had to 

undergo a reoperation within 5 days of initial surgery, dogs that underwent additional magnetic 

resonance diagnostic imaging due to lack of improvement, or dogs that were euthanized within 5 

days were excluded. Subsequently, eight dogs were excluded (one dog with cervical disc disease 

and seven with thoracolumbar IVDD). The surgical technique of choice was either 

hemilaminectomy with or without fenestration for dogs with thoracolumbar IVDD or ventral slot 

for dogs with cervical IVDD. There were no exclusion criteria concerning breed or age. 

The Ethics Committee of Lower Saxony LAVES (Niedersächsisches Landesamt für 

Verbraucherschutz und Lebensmittelsicherheit) reviewed the presented study. Written owner 

consent was obtained before inclusion of patients.  
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2.2. Study design and drugs 

 

The study was performed as a randomized, controlled clinical trial with a blinded observer. A 

random number table was generated by computer software and dogs were assigned randomly to 

two different treatment groups, namely, the placebo (O) or PG (OP) group.  

 

 Blinding procedure  

 

The PG was prepared for the different weight categories but left in its blister package. The blisters 

were packed in a medicine paper bag and the exact number of capsules for application at each time 

point was provided with it.  

The medication or placebo was then packed in a non-transparent envelope together with the dosage 

instructions and labelled. It was then stored in plastic boxes together with the random number table. 

Boxes were provided in the emergency unit and the anaesthesia unit. As soon as the owners agreed 

to further diagnostics, anaesthesia, and possible surgery, they were informed about the trial and 

were asked if they would participate in the study. The patient ID was recorded together with the 

corresponding number on the random number table and the identification card for hospitalization 

of the patient was labelled with the same number. 

Dogs in group O received empty gelatinous capsules orally (Hartgelatine-leer-Kapseln, WEPA 

Apothekenbedarf, Germany) every 8 hours three times a day. 

Group OP received PG (Lyrica, Pfizer, Germany) 4mg/kg orally every 8 hours (29). Treatment was 

started in both treatment groups 30 minutes to 1 hour before anaesthesia. Treatment was continued 

over 5 days following surgery.  
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2.3. Anaesthesia 

 

A standard regime was used for anaesthesia to perform the hemilaminectomy or the ventral slot. 

Dogs were pre-medicated with levomethadone (L-Polamivet, Intervet, Germany) 0,6 mg/kg and 

diazepam (Diazepam, ratiopharm, Germany) 0,5 mg/kg intravenously. Anaesthesia was induced 

with propofol (Narcofol, cp-pharma, Germany) to effect and maintained with isoflurane in oxygen 

after the dogs were intubated and connected to a circle breathing circuit. The levomethadone used 

for premedication served as initiation for the background opioid analgesia, which was continued 

with levomethadone 0,2 mg/kg SQ every 8 hours for 24 hours until effective fentanyl levels 

provided by a fentanyl patch (Durogesic SMAT, Janssen-Cilag GmbH, Germany) were expected. 

The size of the patch was adapted to body weight with 12 µg/h for dogs up to 5 kg, 25 µg for dogs 

up to 10 kg, and 50 µg for dogs up to 20 kg body weight. The patch was applied to the skin of the 

lateral thorax directly after surgery. The fur was clipped in an area of adequate size to apply the 

patch. Thereafter, it was cleaned with vacuum air and dry surgery swabs.  

 

2.4. Diagnosis 

 

Diagnosis was made by a combination of the results of the neurological examination and diagnostic 

imaging. If IVDD was suspected lateral and dorso-ventral radiographs of the vertebral column in 

the suspicious area were obtained and discussed. Final diagnosis was made by MRI (3.0-T MRI 

scanner (Philips Achieva X-Series 3T)  
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2.5. Evaluation of patients 

 

Examination times were at 0.5, 1, 2, 3, 4, and 5 days after extubation. 

A full neurological examination was conducted at each examination time point. Respiratory rate 

was counted from thoracic excursion, heart rate was detected by auscultation, and rectal body 

temperature was recorded on each evaluation. 

Pain behavior was evaluated by using the CMPS-SF (70). In the CMPS-SF, the category “gait” 

was excluded due to neurological deficits present in all patients. To the time of the study this was 

the only validated pain scale for acute pain in dogs. A single observer (PAS) performed all 

assessments. In addition, the CSU pain scale for canine patients and a VAS were completed to gain 

more information about the pain state of the patient.  

For the VAS a mark was placed on a scale that measured 100 mm. 0 was defined as no pain and 

100 was defined as the maximum possible pain. The rating was made by visual observation without 

any physical contact to the patient.  

Furthermore, an algometer (Pressure Rat Onset Device, Topcat Metrology Ltd., Downham 

Common, Little Downham) was used to assess mechanical nociception in the area of the surgical 

site. Two measurement points were determined. The first one was 10 mm off the surgical wound. 

The second one was 50 mm in dogs up to 20 kg and 100 mm in dogs up to 50 kg. Measurements 

were then taken at three different locations along the surgical wound with the defined distance. The 

dog was placed in a sitting position. The algometer was placed using a 4-mm tip and pressure was 

increased gradually until the first aversive reaction of the dog, such as moving away, turning the 

head around, and vocalization. The mean was calculated from three measurements along the wound 

for each distance.  

 



27	
	

2.6. Rescue analgesia protocol 

 

If an increase in pain over a CMPS-SF level of 6 or 1.5 of CSU scale was recognized, rescue 

analgesia was used, which consisted of additional levomethadone 0,2 mg/kg SQ. If there were 

patients with hypersensitivity to opioids or other contraindications for an uprating of opioid dose, 

metamizole sodium (Novalgin 500, Sanofi-Aventis, Germany) 50 mg/kg was administered 

intravenously.  

 

2.7. Concomitant medication 

 

Concomitant medication, according to the patient’s needs, consisted of balanced electrolyte 

solution (Sterofundin ISO or Sterofundin HEG-5, Braun Melsungen AG, Germany), ceftiofur-

sodium (Excenel, Pharmacia GmbH, Germany), ranitidine (Ranitidin 75, 1 A Pharma GmbH, 

Germany), or omeprazole (Omeprazol, ratiopharm GmbH, Germany). In cases in which the patient 

showed inability to urinate, phenoxybenzamin hydrochloride (Dibenzyran, esparma GmbH, 

Germany) and betanechol hydrochloride (Myocholin, Glenwood GmbH, Germany) were added.  

 

2.8. Blood sampling and PG analysis  

 

At day 1, 3, and 5 of evaluation blood samples were collected via venepuncture 8 hours after the 

last PG administration and immediately before the next PG dose to evaluate minimal serum PG 

levels. Serum samples were centrifuged at 4000 g for 5 minutes. Samples were then stored frozen 

at -75°C for further analysis to be carried out at a later time point by a specialized laboratory.  
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PG serum concentrations were analyzed by a modified reverse phase high-performance liquid 

chromatography (HPLC) method. One hundred µL of a serum sample was mixed with 50 µL of 

20% trichloroacetic acid, after centrifugation 15 µl of deproteinized supernatant was collected. 

Derivatization was performed with o-phthaldialdehyde (OPA) and 2-mercaptoethanol under 

alkaline conditions (borate buffer, pH 10). Twenty µL of the reaction product were injected into 

the HPLC system (Knauer, Germany). Gradient elution was performed at 0.7 ml/minute with 

acetonitrile (buffer A), and acetic buffer 50 mM, pH 6.8 (buffer B) on a supersphere 60-4 RP 

column (Knauer, Germany). Fluorescence was detected at the excitation wavelength of 330 nm 

and the emission wavelength of 450 nm. PG detection limit was 0.38 µg/ml. Intra-assay 

imprecision was 5.5% at 6.25 µg/ml and 6.8% at 12.5µg/ml. Interassay imprecision was 13.2% at 

1.24 µg/ml and 9.3% at 6.24 µg/ml. Detection limit was 0.38 µg/ml.  

 

2.9. Statistical analysis 

 

The statistical analysis was performed using the software R version 3.5.1 (R Core Team). A power 

analysis was performed based on data from a previous dog study using the GCMPS (Aghighi et 

al.)   to determine the sample size that would yield a statistical power of 80%. For pain assessment 

with the modified CMPS-SF and the algometer data, a linear mixed-effects model was used. For 

CMPS-SF, the package nlme was used to run linear mixed effects models differing in their fixed 

effects (group, day, and potential interaction), as well as random intercept and random slope 

models. Here the individual dogs were included as random intercepts and the different time points 

as random slope. Model selection was based on AIC, where lower values of at least 2 were 

considered to be indicative of a better model fit. For nested models, model fit was also assessed by 

likelihood ratio tests. Additionally, different correlation structures were included (e.g., 
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unstructured, AR1, and uniform). The residuals were visually checked for normality. Presence of 

residual correlation was assessed with autocorrelation plots and semivariograms of the normalized 

residuals. Similarly, for the dichotomized results of the neurological exam, a generalized mixed-

effects model was used. The neurological exam data were analyzed using a generalized mixed 

model with binary response. Heart rate and respiratory rate were assessed with t-tests. A P-value 

of < 0.05 was considered significant in all comparisons.   
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3. Results: Manuscript  

Title 

Randomized controlled trial of pregabalin for analgesia after surgical treatment of 

intervertebral disc disease in dogs 

	

Abstract 

 

Objective To assess the effect of perioperative pregabalin on pain behavior in dogs after 

intervertebral disc surgery.  

Study design Prospective, randomized, controlled clinical trial with a blinded observer.  

Animals Forty-six client-owned dogs undergoing intervertebral disc surgery. 

Methods Dogs were randomly assigned to two groups: The placebo group receiving opioids alone 

(group O) and the pregabalin group receiving opioids plus pregabalin (group OP). Opioid analgesia 

consisted of 0.6 mg/kg l-methadone given intravenously at anesthetic induction and till onset of 

fentanyl patches applied at the end of surgery. Pregabalin was given orally (4 mg/kg) 1 hour before 

anaesthesia, followed by postoperative treatment 3 times a day (4 mg/kg) for 5 days. Outcome 

measures were treatment-group differences in peri-incisional mechanical sensitivity and Glasgow 

Composite Measure Pain Scale (CMPS-SF) assessed over the first 5 postoperative days. Pregabalin 

serum concentrations were measured after 24, 72, and 120 hours.  

Results Pregabalin reduced pain levels by a mean of 2.5 CMPS-SF units (95% CI = -3.19 to -1.83, 

p<0.001) compared to the control group. Pregabalin increased the mechanical nociceptive 
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threshold by a mean of 6.89 Newtons (95% CI= 1.87 to 11.92, p<0.001) and a mean of 7.52 (95% 

CI= 2.29 to 12.77, p<0.001) per day respectively.  

Mean levels of serum pregabalin were 5.1, 4.71, and 3.68 µg/ml 24, 72, and 120 hours 

postoperatively, respectively.  

Conclusion Postoperative signs of pain after surgical treatment of IVDH were reduced when dogs 

received perioperative pregabalin rather than opioids alone.  

Clinical Significance: Perioperative pregabalin reduces postoperative pain after surgical treatment 

of IVDH. 
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Introduction 

Postoperative pain is an unavoidable consequence after surgical interventions. Many treatment 

strategies are available today to reduce this pain as much as possible. Intervertebral disc herniation 

(IVDH) is a frequent neurological disorder in dogs. Representing 20% of neurological disease in 

the dog, IVDH is one of the most common reasons for neurosurgery.1 The challenge in dogs as 

well as in humans with IVDH is that they are not only suffering from nociceptive pain resulting 

from surgical tissue damage and manipulation, but also from neuropathic pain, which is caused by 

compression of the spinal cord and damage to the neuronal tissue.2 Apart from the complexity of 

its diagnosis, adequate therapy for neuropathic pain is even more challenging.3 

Opioids and non-steroidal drugs are less effective in treating neuropathic pain than nociceptive 

pain, and in some cases resistance to therapy is encountered when treating neuropathic pain with 

regular pain medication.3-5 Hence, in many dogs a combination of different pharmaceutical agents 

is necessary for sufficient pain control.3;6,7 These agents include non-traditional analgesics like 

antidepressants, cannabinoids, local anesthetics, and antiepileptics.6-13 

 

Gabapentin and, more recently, pregabalin were introduced in human medicine labelled for the 

treatment of neuropathic pain.8,13-16 Although not completely understood, pregabalin’s  mechanism 

of action is thought to be caused by voltage-gated calcium channels binding to the a2d-subunit.8 

These calcium channels are up regulated in the spinal cord as well as the dorsal root ganglia after 

surgical trauma. The analgesic effect is thought to be caused by an inhibition of calcium influx 

through these channels. This in turn leads to an inhibition of the release of excitatory 

neurotransmitters.9  Both gabapentin and pregabalin showed promising results in decreasing 

neuropathic pain after spinal surgery in people.19-21 Lower postoperative pain scores were reported 

in human patients undergoing lumbar laminectomy when treated with pregabalin 1 hour before 
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induction compared to the placebo-treated patients.10 In another study, human patients treated by 

way of decompressive spinal surgery had lower visual analogue scale scores at rest and during 

movement when treated with pregabalin compared to the placebo group. 11 

In comparison to gabapentin, pregabalin is known to have several advantages over gabapentin and 

only very limited side effects, such as dizziness, somnolence, drowsiness, ataxia, blurred vision, 

and peripheral edema. In both people and dogs, pregabalin has a more advantageous 

pharmacokinetic profile compared to gabapentin.14,17 Pregabalin shows linear and dose-

independent absorption as well as a narrow therapeutic dosing range.14,17 However, no therapeutic 

serum concentrations for the treatment of neuropathic pain in dogs have been established yet. 

Another potential advantage of pregabalin over gabapentin in dogs is the improved analgesic 

efficacy reported in human studies. 12 In contrast, a recent study evaluating the postoperative 

analgesic efficacy of gabapentin as additional medication to opioids in dogs undergoing spinal 

surgery did not find improvement in pain scores.13 When considering the aforementioned human 

data on pregabalin, administration of pregabalin may have the potential to reduce postoperative 

pain in dogs treated surgically for degenerative disc disease. Therefore, this study’s aim was to 

evaluate the analgesic effect of pregabalin in dogs treated by hemilaminectomy for intervertebral 

disc herniation. We also planned to describe the serum pregabalin concentration associated with 

any identified analgesic effect.  We hypothesized that dogs assigned to the treatment groups would 

have lower Glasgow Composite Measure Pain Scale (CMPS-SF) scores and higher peri-incisional 

mechanical thresholds over the first 5 postoperative days. 
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Materials and Methods 

 

Animals 

This study evaluated 47 client-owned dogs with thoracolumbar intervertebral disc herniations, as 

well as 7 dogs with cervical intervertebral disc herniations, which were presented to the Small 

Animal Clinic, University of XXX between July 2010 and June 2011. 

The Ethics Committee of XXX reviewed and approved the present study. Owner consent was 

obtained before inclusion of dogs by means of a signed form. The inclusion criterium for dogs in 

this study was occurrence of IVDH in the thoracolumbar or cervical region treated surgically, with 

pretreatment consisting only of non-steroidal anti-inflammatory drugs or corticosteroids. Exclusion 

criteria included pretreatment with antiepileptics, opioid analgesics as well as any other medication 

with potential analgesic effects, reoperation within 5 days of initial surgery, and a second magnetic 

resonance diagnostic due to lack of improvement or euthanasia within the first 5 days of surgery. 

If non-steroidal anti-inflammatory drugs or corticosteroids were administered prior to presentation, 

these medication was discontinued. The surgical technique of choice was either hemilaminectomy 

with or without fenestration for dogs with thoracolumbar IVDH or ventral slot for dogs with 

cervical IVDH.29 Surgery was performed by one of three experienced staff surgeons. There were 

no exclusion criteria related to breed or age. 

 

Study design and drugs 

 

The study was performed as a randomized, controlled clinical trial with a blinded observer. A 

random number table was generated by a computer without the use of restrictions (software R 
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version 3.2.0 8 R Core Team) and dogs were assigned randomly to the following two treatment 

groups:  

(1) The placebo group, defined as group O, which received empty gelatinous capsules orally 

(Hartgelatine-leer-Kapseln, WEPA Apothekenbedarf, Germany) every 8 hours three times a day.  

 (2) The pregabalin group, defined as group OP, which received pregabalin (Lyrica, Pfizer, 

Germany) 4 mg/kg orally every 8 hours. 

The treatment was started in both groups 30 minutes to 1 hour before induction of anaesthesia by 

the responsible anaesthetist according to the random number table and was continued over 5 days 

following surgery. The medication (either placebo or pregabalin) was stored in an opaque envelope 

that stayed with the patient. A standardized anaesthetic regime was used: Dogs were pre-medicated 

with 0.6 mg/kg l-methadone (L-Polamivet, Intervet, Germany) and 0.5 mg/kg diazepam 

(Diazepam, ratiopharm, Germany) intravenously. Anaesthesia was induced with propofol 

(Narcofol, cp-pharma, Germany) to effect and maintained with isoflurane (1.5% to 2% vaporizer 

setting)  in oxygen after the dogs’ tracheas could be intubated and connected to a breathing circuit. 

L-methadone used for pre-medication served as a dose-sparing agent during anaesthesia and also 

as initiation for the background opioid analgesia. Background opioid analgesia was continued with 

a fentanyl patch (Durogesic SMAT, Janssen-Cilag GmbH, Germany), delivering 12 µg/h for dogs 

up to 5 kg, 25 µg/h for dogs up to 10 kg, and 50 µg/h for dogs up to 20 kg. The patch was applied 

to the skin of the lateral thorax directly after surgery. Until the complete effect of the patch was 

reached, which was expected 24 hours after application, the background opioid analgesia was 

maintained with l-methadone 0.2 mg/kg S.Q. every 8 hours. 

 

Outcome measures 

Primary outcome measures for evaluation of pain included the following: 
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(1) The short form of the CMPS-SF.15  

(2) Mechanical sensitivity testing. 

Secondary outcome measures included the following:  

(1) Tolerability and side effects of pregabalin.  

(2) Serum pregabalin concentrations before the next dose. 

 

Evaluation of dogs 

 

All dogs were kept in the hospital for 5 days for data collection and evaluated 0.5, 1, 2, 3, 4, and 5 

days after extubation. 

A full neurological examination was conducted and dogs were graded according to the modified 

grading scale by Wheeler and Sharp30 at each examination time point by the same blinded observer. 

For physical examination, respiratory rate was counted from thoracic excursion, heart rate was 

detected by auscultation, and rectal body temperature was recorded at each evaluation. Using the 

CMPS-SF for pain evaluation, the category “gait” was excluded due to neurological deficits present 

in all dogs. At the time of the study this was the only validated pain scale for acute pain in dogs. A 

single blinded observer (XXX) performed assessment of all dogs.  

For mechanical sensitivity testing an algometer (Pressure Rate Onset Device, Topcat Metrology 

Ltd, Downham Common, Little Downham) with a 4-mm diameter probe was used to assess 

mechanical nociception in the area of the surgery site. Two measurement locations were 

determined, one of them 10 mm apart from the surgical wound and the second 50 mm in dogs up 

to 20 kg and 100 mm in dogs up to 50 kg. Distance was measured with a tape measure for each 

evaluation. For nociceptive testing the dog was placed in a sitting position. The algometer was 

placed and pressure was increased constantly until the first aversive reaction of the dog;  pressure 
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was then immediately released. The resulting measurement in Newtons was recorded, and the 

procedure was repeated 3 times. The mean of the 3 measurements along the wound was calculated 

and used as 1 measurement. Unblinding was performed after all data were collected for the 

respective patient. In addition, any signs of adverse reactions such as vomiting or sedation were 

recorded. Dogs were recorded to be sedated if obvious signs of drowsiness, dizziness, and 

confusion occurred. Also, the need for additional pain medication was recorded for each dog.  

 

Rescue analgesia 

 

If the CMPS-SF level exceeded 6, rescue analgesia was used, consisting of an additional 0.2 mg/kg 

l-methadone IM, and animals were re-evaluated after 1 hour. If the dogs displayed dysphoria in 

response to opioids or other opioid contraindications existed, then 50 mg/kg metamizole-sodium 

(Novalgin 500, Sanofi-Aventis, Germany) was administered.  

 

Concomitant medication 

 

As concomitant medication, balanced polyionic isotonic electrolyte solution (Sterofundin ISO or 

Sterofundin HEG-5, Braun Melsungen AG, Germany), ceftiofur-sodium (Excenel, Pharmacia 

GmbH, Germany), ranitidine (Ranitidin 75, 1 A Pharma GmbH, Germany), or omeprazole 

(Omeprazol, ratiopharm GmbH, Germany) was administered. In cases in which the patient showed 

an inability to urinate, phenoxybenzamine hydrochloride (Dibenzyran, esparma GmbH, Germany) 

and bethanechol hydrochloride (Myocholin, Glenwood GmbH, Germany) were added at the 

discretion of the responsible neurologist.   
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Blood sampling  

 

At day 1, 3, and 5 of evaluation, blood samples were collected in both the placebo and treatment 

group. This was done via venipuncture 8 hours after the preceding pregabalin administration 

immediately before the next pregabaline dose in order to evaluate serum pregabalin concentrations 

immediately before the following dose. Serum samples were centrifuged at 4000 g for 5 minutes. 

Samples were frozen and stored at -75°C for further analysis later by reverse-phase high-

performance liquid chromatography (HPLC) to quantify serum pregabalin concentrations in a 

specialized biomechanical analysis laboratory. For the placebo group the blood was used for 

routine blood work. 

 

Pregabalin analysis 

 

Pregabalin serum concentrations were analyzed by a modified reverse-phase HPLC method. One 

hundred microliters of a serum sample were mixed with 50 µL of 20% trichloroacetic acid, after 

15 µL centrifugation of deproteinized supernatant was collected. Derivatization was performed 

with o-phthaldialdehyde and 2-mercaptoethanol under alkaline conditions (borate buffer, pH 10). 

Twenty µL of the reaction product were injected into the HPLC system (Knauer, Germany). 

Gradient elution was performed at 0.7 mL a minute-1 with acetonitrile (buffer A), and an acetic 

buffer of 50 mM, pH 6.8 (buffer B), on a Supersphere 60-4 RP column (Knauer, Germany). 

Fluorescence was detected at the excitation wavelength of 330 nm and the emission wavelength of 

450 nm. The pregabalin detection limit was 0.38 µg/mL. Intra-assay imprecision was 5.5% at 6.25 

µg/mL and 6.8% at 12.5µg/mL. Inter-assay imprecision was 13.2% at 1.24 µg/mL and 9.3% at 

6.24 µg/mL. 
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Statistical analysis 

 

The statistical analysis was performed using the software R version 3.2.0 8 R Core Team. A power 

analysis was performed based on previous data13 to determine the sample size leading to a statistical 

power of 80%.  For pain assessment with the modified CMPS-SF and the algometer data, a linear 

mixed-effects model was used. Model selection was based on AIC, with lower values of at least 2 

being considered indicative of a better model fit. Similarly, for the dichotomized results of the 

neurological exam, a generalized mixed-effects model was used. The data of the neurological exam 

were calculated using a generalized mixed model with binary response. Heart rate and respiratory 

rate were assessed with t-tests. A P-value of <.05 was considered significant for all comparisons.  

 

Results 

 

Fifty-four dogs met the inclusion criteria of this study. Eight dogs were excluded (3 dogs of group 

OP and 5 dogs of group P), of which 7 underwent a second operation within the first 5 days and 1 

was euthanized on the owners’ request after a diagnosis of myelomalacia. This resulted in 23 dogs 

to be included in group O and 23 dogs in group OP. The main breed affected in this study was the 

Dachshund, accounting for 34.7% of cases (Table 1). Mean age was 5.7 ± 2.5 years and the most 

common location of IVDH was T13- L1, accounting for 39.1% of all cases (Table 1).  The 

neurologic status, heart rate, and respiratory rate were not different between groups (Table 1).  

 

Data of the pain score and the mechanical nociceptive thresholds were available for all evaluated 

dogs at all time points. The CMPS-SF score was lower in group OP compared to group O, during 
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the whole observation time, by a mean of 2.5  CMPS-SF units (95% CI = -3.19 to -1.83, p<0.001) 

(Figure 1). In both groups, a similar reduction of pain over time was observed.  

 

Mechanical nociceptive thresholds were highly variable between individual animals. Group OP 

showed a more rapid increase in nociceptive threshold over the days following surgery than group 

O, with an average higher threshold response of 0.5 +/- 1.9 newtons.  Pregabalin increased the 

mechanical nociceptive threshold by a mean of 6.89 Newtons per day (95% CI= 1.87 to 11.92, 

p<0.001) and a mean of mean of 7.52 per day (95% CI= 2.29 to 12.77, p<0.001) over the study 

period for close and distant measurements respectively(Table 2). 

	

Minimum levels of serum pregabalin concentrations immediately before the next dose were above 

the limit of quantification (LOQ) in the majority of dogs at all measurement points. Great 

variability occurred, with a range of <0.38 (below the LOQ) to 13.8 µg/ml at day 1, <0.38 to 10.3 

µg/ml at day 3, and <0.38 to 10.4 µg/ml at day 5 with mean concentrations of 5.1, 4.71, and 3.68 

µg/ml, respectively (Table 4). Only 1 dog in group OP showed concentrations below 0.38 µg/ml 

at all 3 measurements.  

Four dogs in group O and 1 dog in group OP required rescue analgesia once after surgery. In the 1 

dog in the OP group, the fentanyl patch came off overnight. In total, a new fentanyl patch needed 

to be applied to 2 dogs in group OP and 1 dog in group O. Vomiting occurred in 2 dogs from group 

OP and 4 dogs from group O. Sedation was observed in 2 dogs from group OP but was self-limiting 

in both dogs at day 2. No other adverse effects appeared in group OP (Table 3). 
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Discussion 

The objective of this study was to assess the efficacy of pregabalin as an adjunctive pain medication 

in dogs suffering from mixed pain with a potential neuropathic component after IVDH surgery. In 

this study, postoperative signs of pain after surgical treatment of IVDH were reduced when dogs 

received perioperative pregabalin rather than opioids alone. Based on the results, less postoperative 

pain behavior was found in IVDH dogs treated with pregabalin in the pre- and postoperative phase 

than with opioids alone. 

 

Dogs in the OP group had lower pain scores at all time points and over the complete period of 

postoperative assessment. The values of mechanical nociceptive thresholds in group OP showed a 

quicker increase in values of Newton in the OP group compared to the control group. In human 

medicine the results of several studies demonstrated the beneficial analgesic effect of pre-surgical 

pregablin on postoperative pain after major spinal surgery and a reduction in postoperative rescue 

analgesic requirements in the evaluation of the analgesic effect of pregabalin in humans undergoing 

orthopaedic and soft-tissue surgeries.19,20 Comparably to our study, pregabalin was administered 

as a single preoperative dose only in these studies.25-28 Considering the study design and given that 

the location of IVDH was evenly distributed among dogs and no difference was found in the 

neurological status between the two groups, it is unlikely that group OP only contained less 

severely affected dogs with lower pain scores (Table 3), and an actual analgesic effect of pregabalin 

in the dogs included in this study can be deduced. The observed lower pain scores with pregabalin 

stand in contrast to the results of a recent study evaluating the postoperative analgesic efficacy of 

gabapentin as an adjunctive medication in dogs undergoing spinal surgery that showed a tendency 

but not a significant effect on, lower pain scores in dogs treated with gabapentin.13  Pregabalin is 

known to have an advantageous pharmacokinetic profile compared to gabapentin in both people 
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and dogs. It has a linear and dose-independent absorption as well as a narrow therapeutic dosing 

range with few adverse effects.12,17,14 The result of our study are especially interesting considering 

the fact that pregabalin showed an opioid-sparing effect in human patients in the acute 

postoperative period with the opioids given on demand.19-21 As this kind of study is not feasible 

with dogs, it remains unclear whether the dogs in the OP group would also have been comfortable 

with a lower dose of opioids.  

To get objective data on pain at the surgery site, mechanical nociceptive threshold testing was 

performed. The evaluation with the algometer was difficult as the individual dogs reacted to it very 

differently. Both groups included dogs that, although having low CMPS-SF scores, reacted to the 

algometer when only minimal pressure was applied. Despite these difficulties, we contend that the 

quicker increase of values over the observation time in group OP supports the effect of pregabalin 

found with the CMPS-SF.   

 Serum concentrations of pregabalin in the dogs evaluated in this study showed high intra- and 

interindividual variability at the different measurement time points. This Variability has been 

reported earlier in humans as well as in dogs.20,14 In human and veterinary medicine no definitive 

therapeutic plasma concentrations have been established for either the treatment of focal epilepsies 

or the treatment of neuropathic pain.23,31,32 However, in humans a therapeutic range of 2.8 to 8.3 

µg/ml for the treatment of epilepsy has been suggested.19 There is only one current study evaluating 

the pharmacokinetics of pregabalin in dogs.14  The authors of this study referred to the range of 

therapeutic plasma concentrations in humans that was reached with a dosage of 4 mg/kg with an 

8-hour dosing interval, and suggested a minimal effective concentration of 2.8 µg/ml for further 

establishment of a therapeutic range in the treatment of epilepsy.14 As there is no information on 

therapeutic plasma concentrations for the treatment of neuropathic pain in dogs, we chose the dose 

recommended by Salazar et al. and set the concentration above the suggested minimal effective 
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concentration.   In the present study mean plasma concentrations of pregabalin were well above 

2.8 µg/ml. The lower scores immediately postoperatively and over the full treatment time 

documented in the OP group, together with serum concentrations of pregabalin at or above the 

therapeutic concentration described by Salazar et al. in the vast majority of dogs in this study, 

indicate therapeutic efficacy with the evaluated dosing in dogs. 

The most common adverse effects of pregabalin described in human medicine are dizziness, 

somnolence, fatigue, peripheral edema, and dry mouth.20,22 Weight gain and alopecia are also 

described. 23  In the OP group vomiting was observed in 2 dogs and sedation in another 2 dogs. 

Since no adverse side effects were observed in a study evaluating the pharmacokinetics of 

pregabalin in dogs using the same dose,14 it is questionable whether the observed events are 

attributable to  pregabalin or to other factors, e.g., the opioid background analgesia.  

With the results of this study, pregabalin can be recommended as an adjunctive pain medication in 

dogs undergoing spinal decompressive surgery in a clinical setup. The efficacy in other conditions 

resulting in neuropathic pain and different dosing schemes should be evaluated in the future. The 

favorable tolerance of pregabalin makes it a suitable medication for a broad group of patients. As 

pregabalin is 90% excreted by the kidneys in humans, dose adjustment might be necessary in dogs 

with renal insufficiency. 

A limitation of this study was lack of pre-surgical pain score assessment. This meant we could not 

establish group equivalence for pain levels at baseline. With the desire to include as many dogs as 

possible in the study and the importance of evaluation by the same person always, preoperative 

pain scoring was not feasible. Additionally, with the randomization of patient groups an even 

distribution of dogs can be expected.  Secondly, background analgesia using fentanyl patches is a 

weakness of the present study. The exact amount of fentanyl absorbed by the different individuals 
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is strongly dependent on several factors, including body temperature and skin perfusion. In 

addition, the adhesion of the patch to the animals’ skin varies widely. It has been shown that the 

aforementioned problem leads to variable plasma concentrations of fentanyl when applied via 

transdermal patches.24-27 The patches were applied in a standardized manner after anaesthesia, and 

no differences were found in the body temperature between groups. Thus, it is likely that the 

variation of plasma concentrations of fentanyl, and therefore the analgesic effect in the evaluated 

dogs, varied in both treatment groups to a similar extent. In addition, evaluation of the dogs with 

the CMPS-SF is not always clear, as the indications for the different graduations are quite narrow 

or not specific for pain. In turn, not all of the dogs with pain on palpation showed a clear defensive 

behavior as described in the CMPS-SF, but started to smack or tried to move away without turning 

the head, crying, or trying to bite. With the CMPS-SF a defined set of criteria is given, with most 

of the criteria necessitating patient interaction.15 This interaction might have influenced the results 

in very fearful or aggressive dogs. Although this may have led to over- or underscoring, we expect 

this effect to be comparable between groups and the CMPS-SF was, at the time of the study, the 

only pain scale with clinical validation for acute pain in dogs and was considered the gold standard 

for acute pain evaluation. In rare instances pregabalin led to severe side effects such as idiosyncratic 

hepatotoxicity and thrombocytopenia in humans. No data are available on this in dogs. In this study 

no standardized control to evaluate these changes was performed. However, when evaluating the 

available data of the presented dogs, neither changes compatible with liver toxicity nor severe 

thrombocytopenia was detected. Lastly, as most of the dogs in this study were referred from private 

practitioners, the pre-treatment before being referred was not standardized. This also applies for 

concomitant medications and as long as this is not proven different, possible drug interactions have 

to be taken into consideration. 
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In conclusion, administration of pregabalin as an adjunctive treatment to opioids results in 

reduction of postoperative pain behavior in dogs surgically treated for IVDH. Pregabalin was well 

tolerated and no major side effects were observed. Further studies to compare the efficacy of 

pregabalin to its precursor gabapentin, and furthermore to compare different dose regimes of 

pregabalin, would be of great benefit. 
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Table 1: Baseline characteristics of treatment groups prior to study intervention 

 

	 Placebo	 Pregabalin	
	
Breed	

	
Dachshund	
Havanesian	
French	Bulldog	
Beagle		
Mixed	breed	
Jack	Russell	
German	Shepherd	
	

	
10	
3	
3	
2	
2	
1	
1	

	
Dachshund	
Mixed	breed	
French	bulldog	
Beagle	
Labrador	
Cocker	spaniel	
Tibetian	terrier	
	

	
8	
6	
4	
2	
1	
1	
1	

	
Gender	
	

	
M										5	
M/N					6	
	

	
F													2	
F/N							10	

	
M											4	
M/N					10	

	
F										2	
F/N					7	

	 P	value	
	
Mean	weight	
(kg)	
	

	
10.8	(±6.1)	

	
12.8	(±7.6)	

	
0.7	

	
Mean	age	
(yrs)	
	

	
5.5	(±2.6)	

	
6	(±2.7)	

	
0.4	
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Localisation	in	
spinal	segment		
	

C1-C5	
	

C6-T2	
	

T3-L3	
	

L4-S1	
	

S1-S3	

	
	
	

3	
	
-	
	
17	
	
3	
	
-	

	
	
	

4	
	
-	
	
15	
	
4	
	
-	

	
	

Mean	Neurological	Grade	on	admission	 	

	
	

	
3.3	

	
2.9	

	
0.2	

	 Dog	with	negative	nociception	on	admission	 	
	 -	 -	 	
	 Mean	admission	respiratory	rate	 	
	 31.7	(±5.1)	 33.4	(±6.1)	 0.4	
	 Mean	admission	heart	rate		 	
	 95	(±15.1)	 99.8	(±12.4)	 0.2	
	 Dogs	with	NSAID	Treatment	prior	to	admission	 	
	 	

23		
	
23	

	

 

Table 2: 

Mean (±SD) nociceptive mechnical threshold values close and distant to the wound (Newton) at 

the different evaluation time points. In addition to opioid background analgesia dogs received 

either pregabalin (4 mg/kg orally every 8 hours)(group OP) or placebo (group O). 

 

Group	 Day	0.5	 Day	1	 Day	2	 Day	3	 Day	4	 Day5	
O	

close	
18.5	

±10.1	

18.1	

±9.1	

15.7	

±7.1	

17.1	

±8.1	

18.9	

±9.1	

19.9	

±8.8	

O	
distant	

21.8	 20.9	 19.1	 21	 22	 23.3	
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±11.4	 ±10.7	 ±8.7	 ±9.5	 ±9.7	 ±9.4	

OP	
close	

21.6	

±9.5	

22.6	

±10.2	

24	

±11.1	

25.4	

±10.9	

27.4	

±11.5	

28.7	

±10.9	

OP	
distant	

27.3	

±10.9	

26.7	

±10.8	

27.3	

±10.8	

28.9	

±9.9	

30.3	

±10.5	

32.7	

±10.8	

	

	

Table 3: Occurrence of rescue analgesia, vomiting and sedation in the pregabalin (PO) and the 

placebo (O) group. 

	

Rescue analgesia 

Group Yes No P value* 

OP 1 22 0.346 

O 4 19 

Vomiting 

Group Yes No P value 

OP 2 21 0.665 

O 4 19 

Sedation 

Group Yes No P value 

OP 2 21 0.489 

O 0 23 
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*determined by Fisher’s exact test 

 

 

	

	

	

	

Table	4:	Mean	serum	pregabalin	levels	at	the	different	evaluation	time	points	with	95%	CI	 

	

 

 

 

 

 

 

 

 

 

 

 

Day	 Mean	serum	pregabalin	level	 95%	CI	

1	 5.1	 	3.38-6.38	

3	 4.7	 3.19-5.83	

5	 3.7	 2.39-4.64	
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Figure 1: 

Postoperative pain evaluated by the Glasgow Composite Measure Pain Scale (CMPS-SF) In 

addition to opioid background analgesia dogs received either pregabalin (4 mg/kg orally every 8 

hours)(group OP) or placebo (group O). The box includes the interquartile range (mean 50% of 

data). The median is marked by the horizontal line inside the box. Data from minimum to maximum 

is depicted by Whiskers. 
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4. General Discussion 

 

4.1 Material and methods, study design, and study limitations 

 

The difficulties in adequately evaluating pain in dogs were a constant companion during this 

study.  We used several ways of detecting and quantifying pain; still all of the applied scores, 

scales, and tools had their limitations. 

In recent years scoring methods for evaluation of pain have gained in popularity and several  scores 

haven been developed in veterinary medicine (66,67). Many of these scores include behavioral and 

physiologic variables. Several scores have been published in the veterinary literature but only a 

few have been validated (66). So far, no gold standard for pain assessment in small animals has 

been developed. Nowadays, it is widely accepted that observation of the animal’s behavior is the 

most accurate way of evaluating pain, whereas physiologic parameters are not specific and reliable 

enough for differentiation between pain and other stressful events such as fear and anxiety (66,68). 
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As the CMPS-SF was the only pain scale with clinical validation for acute pain in dogs when this 

study was started, we selected it as a basis for acute postoperative pain evaluation (70,71,86). As 

proposed by the authors, in dogs with IVDD we excluded the category gait. Most of the behavioral 

pain signs could be scored well using the CMPS-SF. However, evaluation of the patients by the 

CMPS-SF also revealed difficulties, as clear indications for the specific graduations were not 

always found. The denoted behavior or reaction described in the CMPS-SF is quite particular, 

disregarding the multifaceted pain behavior of our dogs. Many of the evaluated patients, who are 

not used to hospital surroundings, were nervous or anxious without, however, any further signs of 

pain behavior leading to an increase in the CMPS-SF. In turn, not all of the dogs with pain on 

palpation showed the clear defensive behavior as described in the CMPS-SF, but started to smack 

or tried to move away without turning the head, crying, or trying to bite. This could have led to 

over-scoring or under-scoring. 

The CSU pain scale, although not validated, was used to evaluate a scale combining composite 

behavioral observation and aspects of a numerical rating scale. It was developed for training 

veterinary students and veterinary care staff. It is easy to use as it gives a broader range of possible 

behavior or reactions supported by figures. Furthermore, the continuous numeric scale gives the 

observer the opportunity to record slight changes. In the opinion of the author, the CSU pain scale 

is more applicable for clinical use, making it possible to detect pain in the patient even for 

inexperienced personnel and reflecting its development for student and technician education. 

The VAS as a subjective evaluation is also strongly dependent on the observer’s experience. 

Difficulties evaluating pain using a VAS are also described in humans, and results are contradictory 

(87,88). In the presented study, the VAS was based  on watching the dogs from outside of the cage 

only, without intended interaction. However, because some dogs felt threatened by a person 
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standing in front of the cage looking at them for several minutes, whereas others were friendly and 

excited to get attention, it was difficult in some cases to assess the particular pain level. The VAS 

is a validated tool in pain assessment in dogs, and is frequently used in pain evaluation in small 

animals (55,89,90). However, discordant results of its use in the evaluation of postoperative pain 

are reported. The potential influences of analgesic medication with possible sedative properties 

have been described to affect the VAS scoring (91). This has also been discussed as a possible 

reason for the lack of sensitivity in using the VAS to quantify postoperative pain in a recent study 

using fentanyl patches as background analgesia (72). 

The algometer was used to assess mechanical nociceptive thresholds in the area of the surgery site. 

In horses with induced back pain, pressure algometry has been shown to be a repeatable and 

quantitative method for the assessment of musculoskeletal pain (92). Conflicting data exist about 

the consistency and reliability of algometric assessment of mechanical nociceptive threshold 

evaluation with an algometer in dogs (93,94). In this study, despite adhering to manufacturer 

recommendations, the values for the different dogs were variable; they were, however, greatly 

consistent in the individual dogs for each of the three measurements at each evaluation. Coleman 

et al. reported a learned apprehension response in dogs when an algometer was used leading to 

lower values compared to the initial evaluation (93). This, however, was refuted in a recent study, 

with modifications in the technique of pressure algometry revealing increasing values in the 

treatment groups compared to consistent values in the control group (94). The testing protocol in 

the presented study includes some of the suggested modifications reported by Lane et al. Although 

dogs were separated from their owners, they were allowed to sit in a comfortable position. 

Additionally, the used algometer did not make an audible beeping sound and measurements were 

not performed in a specific order preventing a learning effect of imminent discomfort or pattern 
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recognition (94). In the presented work, values for the algometer measurements increased over 

time. This means the dogs allowed increasing pressure executed with the algometer tip along the 

surgical site.  The increasing values in the presented study in both groups are in accordance with 

the results presented by Lane et al. and lead to the conclusion that the surgical site is rendered less 

painful over time.  This effect was more obvious in the OP group, further supporting the beneficial 

effect of PG treatment. 

PG was given before surgery in the dogs of the presented work. In human patients it has been 

shown that perioperative PG reduces postoperative pain, opioid consumption and opioid-related 

adverse effects (8,14,21,22,77,78). Significantly lower postoperative pain scores were reported in 

human patients undergoing lumbar laminectomy when treated with PG 1 hour before induction 

compared to the placebo-treated patients (21). Furthermore, there is evidence for the efficacy of 

pre-emptive PG in orthopaedic and soft-tissue procedures in humans (23-26). With the assumption 

that this holds true also for dogs and to decrease central sensitization and prevent wind-up to 

achieve best possible postoperative analgesia, a pre-surgical administration of PG was chosen; a 

real pre-emptive treatment was not possible in the face of pre-existing neuronal compression by 

the IVDD. 

All patients received opioid-based background analgesia. As most of the patients were referred 

cases from private practitioners, many of them had received corticosteroids before admission to the 

clinic. To avoid gastrointestinal and renal side effects when combining corticosteroids and NSAIDs 

(95,96) we resigned to use this class of drugs as background analgesia. In this study transdermal 

fentanyl was used postoperatively as background analgesia. In humans, fentanyl patches are 

contraindicated in acute postoperative pain due to adverse respiratory effects (62). Further reported 

adverse effects in humans include dermatologic reactions, sedation, constipation, urinary retention, 
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headaches, anxiety, depression, delirium, euphoria, and death (62). In small animals such severe 

side effects have not been reported, but cutaneous irritation, sedation, unreliable adhesion of the 

patch, and unpredictable and variable uptake are mentioned as disadvantages (58). 

The exact amount of fentanyl absorbed by the particular individual is strongly dependent on several 

factors, including body temperature and skin perfusion. In human patients a change of 3°C in body 

temperature significantly led to lower plasma levels of fentanyl administered via transdermal 

application (62). Also in small animals mild hypothermia together with general anaesthesia led to 

decreased plasma fentanyl concentrations when compared to a control group (58). 

No influence on peak plasma concentrations was found when increased epidermal thickness was 

evaluated in dogs.  However, longer time was necessary to attain effective levels when applied in 

areas of thicker skin (58). 

These interindividual variations result in very variable plasma levels (58,64,65,97-99). Because of 

the aforementioned reasons, transdermal fentanyl is not an optimal choice of background analgesia 

in dogs and it requires careful pain assessment to monitor effectiveness. Despite these limitations 

transdermal fentanyl was a standard method of background analgesic treatment for IVDD in dogs 

in the Small Animal Clinic of the University of Veterinary Medicine in Hannover at the time of 

this study because of the easy employment and the fact that maintenance of an IV catheter becomes 

unnecessary. The unpredictable and variable plasma concentrations have to be expected in both 

groups to a similar extent. With the initial scores of the CSU and the CMPS-SF remaining low in 

both groups, background analgesia by transdermal application with a fentanyl patch seemed to be 

acceptable in the current study.  

 

Recent studies report the use of PG as an adjunctive treatment in idiopathic epilepsy and as an 
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analgesic drug in neuropathic pain caused by Chiari-like malformation and syringomyelia in dogs 

(79,81). The pharmacokinetics of PG have been evaluated and it has been considered for the 

treatment of therapy refractory epilepsy (29,81). In a pharmacokinetic study in dogs a PG 

elimination half-life of ~ 7 hours was found (29). This is consistent with the data of human beings 

(82). In human as well as in veterinary medicine no definitive therapeutic plasma concentrations 

for PG have been established for the treatment of focal epilepsies or neuropathic pain (29,82,83). 

In human patients, however, a therapeutic range of 2.8 to 8.3 µg/ml for the treatment of epilepsy 

has been suggested (82). Salazar et al. referred to the range of therapeutic plasma concentrations 

of human patients that were reached with a dosage of 4 mg/kg with an 8-hour dosing interval and 

suggested a minimal effective concentration of 2.8 µg/ml for further establishment of a therapeutic 

range in the treatment of epilepsy (29). Even if no definitive therapeutic plasma concentrations 

have been established, in human patients equal dosing ranges for the treatment of epilepsy and 

neuropathic pain are used (6,21,22,82,83). As there is no information on therapeutic plasma 

concentrations for the treatment of neuropathic pain in dogs, we chose the dosage recommended 

by Salazar et al. to be above the suggested minimal effective concentration. 

 

4.2 Study results 

Supplementary analgesia with PG in dogs with IVDD led to significantly lower pain levels in the 

CMPS-SF, the CSU, and a VAS pain scale. Furthermore, the algometer data for assessment of 

mechanical nociceptive threshold at the surgery site were significantly higher in the PG group. No 

major side effects were observed with a dose of 4 mg/kg with an 8-hour dosing interval 

administered for 5 consecutive days.  
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Pain levels detected in both groups remained low. This is most likely attributable to the opioid 

background analgesia. The combination of IVDD and the following surgery in dogs enrolled in 

this study resulted in a mixed type of pain, namely, nociceptive and neuropathic pain. Because  

nociceptive pain is usually well controllable by the opioids (100,101), whereas neuropathic pain 

can be refractory to opioid treatment, the combination of an opioid-based analgesia and a potent 

agent addressing neuropathic pain seems to be the best treatment option for these patients. The 

success of this approach has been well documented in the human literature in spinal as well as other 

surgeries (21-23,25,26,28).  

Considering the pain levels in the CMPS-SF, significantly lower levels were found in the PG group 

(p < 0.001). The PG group even started with lower pain levels at the day-0.5 evaluation compared 

to the O group. Mean values for the OP group were 2.5 compared to mean values of 5 in the O 

group. Comparing the CMPS-SF values at the day-5 evaluation, mean values of 0 and 2 were found 

for the OP group and O group, respectively. These obvious differences in pain levels, however low 

in both groups, indicate a reduction in pain behavior and wound sensitivity in the OP group.  

This is further emphasized by the results of the CSU with mean values of 1 and 1.5, and 0 and 1, 

for the OP group, and the O group at day 0.5 and day 5 evaluation, respectively. 

Additionally, the VAS evaluation showed overall significantly lower mean pain levels (p < 0.001) 

in the OP group when compared to the O group. In particular, the statistical analysis of the VAS 

indicated an effect of OP in the overall mean value and the rate of change of the VAS levels over 

time. 

The algometer data revealed a significant interaction, with values in the OP group increasing faster 

than in the O group.  
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A recent study evaluating the postoperative analgesic efficacy of the PG predecessor gabapentin as 

additional medication to opioids in dogs undergoing spinal surgery failed to show a significant 

improvement in pain scores (15). In comparison to gabapentin, PG is known to have several 

advantages. A linear and dose-independent absorption as well as a narrow therapeutic dosing range 

leads to a reliable effect at a certain dosage. Additionally the improved efficacy in humans is 

especially interesting considering the results of the presented study (13,18,28,29). These 

advantages may have led to the significantly lower pain levels in the PG group in all pain evaluation 

scores. These results are also consistent with data from human studies evaluating the analgesic 

effect of peri- and postoperative PG in the immediate postoperative period after major spinal 

surgery. Significantly lower pain scores could be documented compared to a placebo control group 

(22). Also, Durkin et al. describe a high efficacy of perioperative PG in acute neuropathic pain 

(14). The obvious higher starting scores documented in the P group in this study indicate that the 

same is true for dogs. The lower pain score levels in the PG group immediately postoperatively are 

especially interesting considering the fact that PG showed an opioid sparing effect in human 

patients in the acute postoperative period when used perioperatively and with opioids given on 

demand (8,77,78). As this kind of study is not feasible with dogs it remains unclear if the patients 

in the PG group would have been comfortable with a lower dose of opioids.  

Plasma levels of PG in the dogs evaluated in this study showed high intra- and interindividual 

variability at the different measurement points. Minimum levels of serum PG were above the 

detection limit in the majority of dogs at both measurement points with our fixed dose regime, with 

a range from < 0.38 (below detection limit) to 13.8 at day 1, <0.38 to 10.3 at day 3, and <0.38 to 

10.4 µg/ml at day 5 with mean levels of 5.1, 4.71, and 3.68, respectively. Only one dog in the PG 

group showed levels below 0.38 µg/ml, and this was observed in the patient at all three 
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measurements. As mentioned earlier, in humans, as well as in veterinary medicine, no definitive 

therapeutic plasma concentrations have been established for PG (29,82). Variations in plasma 

concentration as observed in this study have also been reported in humans (6,78). In addition, 

individual alterations in PG plasma concentrations were found in this study. In people the only 

factor with significant influence on steady-state plasma concentration of PG was renal function 

(102). Additionally, the absorption rate was decreased when PG was given with food. Upon 

admission in the dogs included in this study, CBC and blood chemistry including serum creatinine 

was performed. Creatinine is widely used as an index of renal function and interpreted as a measure 

of the glomerular filtration rate in people and dogs (103,104). However, measurement of serum 

creatinine to asses renal function is not without limitations (105). In subclinical kidney failure the 

glomerular filtration rate can be reduced by up to 80% from normal without changes in serum 

chemistry or clinical signs. It is therefore possible that variable degrees of undetected reduction in 

glomerular filtration rate led to interindividual variations. Furthermore, in most dogs the PG was 

administered with varying amounts of food. This might have led to alterations in absorption 

resulting in variable plasma concentrations.  

The CMPS-SF and CSU pain scale did not differ between dogs with serum levels <4 and dogs with 

serum levels >4 µg/ml. As described above there are reported individual differences in human 

beings. Different results in efficacious treatment of neuropathic pain were described for different 

dose regimes in people with neuropathic pain requiring individual dose adjustment (6,78). With 

the possibility that this is also the case in dogs, individual dose adjustment should be considered.  

In humans the most common adverse effects of PG are dizziness, somnolence, and peripheral 

edema (13,79). Furthermore, weight gain and alopezia are described (106). In the OP group 

vomitus was observed in two patients and sedation in another two patients. In a study evaluating 



64	
	

the pharmacokinetics of PG in dogs using the same dosage as a single dose, no adverse side effects 

were observed (29). In the presented study all dogs were concomitantly treated with a fentanyl 

patch, and one dog showing vomiting was concomitantly treated with betanechol hydrochloride. 

Adverse effects of transdermal fentanyl include sedation and anorexia (58). Furthermore, a known 

side effect of betanechol hydrochloride is nausea and vomiting. As both vomiting and sedation 

were also observed in the O group, it is questionable if the observed events are attributable to the 

PG or due to other factors, e.g., the concomitant medication. Another factor to consider is 

interactions with the concomitant drugs used in the dogs included in this study. For PG no 

pharmacokinetic drug interaction is described in the current literature; in addition, drug interactions 

with gabapentinoids in humans are unlikely. Possible reasons for this include the lack of plasma 

protein binding, the negligible hepatic metabolism and pure renal elimination, and the fact that PG 

leaves the major isoenzymes of cytochrome P450 unaffected (13).  

 

In conclusion, PG administration results in a significant reduction in postoperative pain behavior 

in canine patients surgically treated for IVDD. PG was well tolerated, and no major side effects 

were observed. Further research evaluating the efficacy of different dose regimes as well as efficacy 

and associated side effects in long-term treatment of chronic pain with PG in dogs would be 

beneficial.  
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Philipp Alexander Schmierer-Voogdt 

Der Effekt von Pregabalin als Zusatzmedikament auf das 

Schmerzverhalten und die mechanische Sensibilität nach 

Bandscheibenoperationen beim Hund 

5.  Zusammenfassung 

 

Ziel der vorgelegten Studie war es die Wirksamkeit von Pregabalin (PG) als supplementäres 

Analgetikum bei Hunden mit neuropathischem Schmerz nach Bandscheibenoperationen zu 

evaluieren.  

 

Es wurden hierfür 54 Hunde mit thorakolumbalem und 7 Hunde mit cervikalem 

Bandscheibenvorfall untersucht. Die Hunde wurden zum Zweck dieser Studie randomisiert in zwei 

Gruppen unterteilt. Je nach Gruppenzugehörigkeit wurde eine Stunde bis 30 Minuten vor 

Anästhesieeinleitung entweder 4 mg/kg PG oder ein Placebo verabreicht. 

Diese Behandlung wurde alle 8 Stunden über einen Zeitraum von 5 Tagen wiederholt. Mittels einer 

Visuellen Analogskala, der Colorado State University Schmerzskala und der Kurzform der 

Glasgow Composite Measures Schmerzskala wurde untersucht, ob durch die zusätzliche peri- und 

postoperative Gabe von PG ein positiver Einfluss auf das postoperative Schmerzverhalten 

festzustellen ist. Weiterhin wurden semi-objektive Daten durch Messung der 

Druckempfindlichkeit im Wundbereich mittels eines Algometers erhoben. Es wurden die 

minimalen Serumkonzentrationen des PGs zwischen zwei Applikationen bestimmt. Im Falle einer 

Vorbehandlung mit anderen Analgetika außer nichtsteroidalen Antiphlogistika oder 
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Kortikosteroiden, sowie bei Vorbehandlung mit antiepileptischen Medikamenten erfolgte der 

Ausschluss des Patienten. Des Weiteren wurden Patienten ausgeschlossen, bei welchen im 

Zeitraum der 5 Untersuchungstage aufgrund einer fehlenden Verbesserung eine weitere MRT-

Untersuchung oder Operation durchgeführt werden musste. Daraus folgend konnten die Daten von 

46 Hunden (Alter 5.7 ± 2.5 Jahre, Gewicht 12.7 ± 9.1 kg) ausgewertet werden. 

 

Das bei den Patienten in dieser Studie angewendete Anästhesieprotokoll war standardisiert. Alle 

Hunde wurden mit Levomethadon und Diazepam prämediziert. Die Anästhesieeinleitung erfolgte 

mit Propofol und die Erhaltung mittels Isofluran. Postoperativ wurde ein transdermales 

Fentanylpflaster aufgebracht und die Patienten erhielten bis zum vollen Wirkungseintritt des 

Pflasters weiter Levomethadon. 

Die statistische Auswertung erfolgte durch mixed models und t-tests. 

Die peri- und postoperative Gabe von PG als zusätzliche Analgesie (4 mg/kg) nach 

Bandscheibenoperationen resultierte in signifikant tieferem postoperativen Schmerzverhalten. 

Während der Studie konnten keine schweren Nebenwirkungen durch PG festgestellt werden. Bei 

den meisten Hunden war die minimale Serumkonzentrationen des PGs zu allen Messzeitpunkten 

oberhalb der Nachweisgrenze von >0.38 µg/ml (Median 5.1, 4.7 und 3,6 µg/ml bei erster, zweiter 

und dritter Messung). 

In zukünftigen Untersuchungen sollte die Wirksamkeit von PG und seinem Vorgänger Gabapentin 

verglichen werden. Des Weiteren wäre eine Evaluation verschiedener Dosierungen von PG zur 

Therapie des neuropathischen Schmerzes beim Hund von großem Wert. 
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Philipp Alexander Schmierer-Voogdt 

Effects of pregabalin as add-on medication on pain behavior and 
mechanical sensitivity after intervertebral disc surgery in dogs 
 

6.  Summary 

 

The objective of this study was to assess the efficacy of PG as an adjunctive pain medication in 

dogs suffering from mixed pain, including neuropathic pain after IVDD surgery. 

 

Fifty-four client-owned dogs with thoracolumbar IVDD as well as seven dogs with cervical IVDD 

were initially assessed for this study. Application of either PG or a placebo was started in both 

treatment groups 30 minutes to 1 hour before anaesthesia. Treatment was continued every 8 hours 

over 5 days following surgery. The efficacy of PG as supplementary analgesia was evaluated with 

a VAS, the canine Colorado State University pain scale, and the short form of the Glasgow 

composite measure pain scale. In this particular pain scale the category gait was excluded. 

Furthermore, algometer data for assessment of mechanical nociceptive threshold in the area of the 

surgery site were collected. Minimum serum concentrations were measured between two 

applications. Dogs pre-treated with pain medication or antiepileptics were excluded except for 

those treated with NSAIDs or corticosteroids. Dogs that had to undergo a reoperation within 5 days 

of initial surgery, dogs that underwent a second magnetic resonance diagnostic due to lack of 

improvement, or dogs that were euthanized within 5 days were excluded. Consequently, 46 dogs 

(aged 5.7 ± 2.5 years and weighing 12.7 ± 9.1 kg) were evaluated. 
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A standardized anaesthesia protocol was used in this study. All dogs were pre-medicated with 

levomethadone and diazepam. Induction was achieved by propofol followed by maintenance with 

isoflurane. Opioid analgesia after surgery consisted of a transdermal fentanyl patch applied directly 

after extubation and levomethadone until expected full effect of the fentanyl patch. 

Statistical analysis was performed using mixed models and t-test. 

PG as supplementary analgesia (4 mg/kg ) after IVD surgery in dogs resulted in significantly less 

postoperative pain behavior compared to the control group. No major side effects were detected. 

Minimum levels of serum PG were above the detection limit in the majority of dogs at both 

measurement points. Further studies to compare the efficacy of PG to its predecessor gabapentin 

and evaluation of different dosing regimes of PG are warranted.  
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