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Introduction: Cluster seizures (CS) and status epilepticus (SE) in dogs are severe neurological emergencies that require immediate treatment. Practical guidelines call for constant rate infusion (CRI) of benzodiazepines or propofol (PPF) in patients with seizures not responding to first-line treatment, but to date only few studies have investigated the use of CRI in dogs with epilepsy.

Study design: Retrospective clinical study.

Methods: Dogs that received CRI of diazepam (DZP) or PPF for antiepileptic treatment during hospitalization at the Veterinary Teaching Hospital of the University of Turin for CS or SE between September 2016 and December 2019 were eligible for inclusion. Favorable outcome was defined as cessation of clinically visible seizure activity within few minutes from the initiation of the CRI, no seizure recurrence within 24 h after discontinuation of CRI through to hospital discharge, and clinical recovery. Poor outcome was defined as recurrence of seizure activity despite treatment or death in hospital because of recurrent seizures, catastrophic consequences of prolonged seizures or no return to an acceptable neurological and clinical baseline, despite apparent control of seizure activity. Comparisons between the number of patients with favorable outcome and those with poor outcome in relation to type of CRI, seizure etiology, reason for presentation (CS or SE), sex, previous AED therapy and dose of PPF CRI were carried out.

Results: A total of 37 dogs, with 50 instances of hospitalization and CRI administered for CS or SE were included in the study. CRI of diazepam (DZP) or PPF was administered in 29/50 (58%) and in 21/50 (42%) instances of hospitalization, respectively. Idiopathic epilepsy was diagnosed in 21/37 (57%), (13/21 tier I and 8/21 tier II); structural epilepsy was diagnosed in 6/37 (16%) of which 4/6 confirmed and 2/6 suspected. A metabolic or toxic cause of seizure activity was recorded in 7/37 (19%). A total of 38/50 (76%) hospitalizations were noted for CS and 12/50 (24%) for SE. In 30/50 (60%) instances of hospitalization, the patient responded well to CRI with cessation of seizure activity, no recurrence in the 24 h after discontinuation of CRI through to hospital discharge, whereas a poor outcome was recorded for 20/50 (40%) cases (DZP CRI in 12/50 and PPF CRI in 8/50). Comparison between the number of patients with favorable outcome and those with poor outcome in relation to type of CRI, seizure etiology, reason for presentation (CS or SE), sex and previous AED therapy was carried out but no statistically significant differences were found.

Conclusions: The present study is the first to document administration of CRI of DZP or PPF in a large sample of dogs with epilepsy. The medications appeared to be tolerated without major side effects and helped control seizure activity in most patients regardless of seizure etiology. Further studies are needed to evaluate the effects of CRI duration on outcome and complications.
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Introduction

Cluster seizures (CS) and status epilepticus (SE) in dogs are severe neurological emergencies; the case fatality rate ranges between 25.3 and 28.5% (1–3). Though such medical emergencies require immediate treatment, the optimal therapeutic approach has yet to be defined (4). Proposed treatment guidelines call for constant rate infusion (CRI) of benzodiazepines or propofol (PPF) in patients with seizures not responding to first-line benzodiazepines and non-anesthetic drugs (5, 6). Few studies to date have investigated the use of CRI in dogs with epilepsy (1, 7). With this retrospective study we wanted to describe the use of two types of CRI in dogs with refractory seizure activity presenting to a single veterinary teaching hospital.



Materials and methods


Study population

The study sample was dogs presenting with convulsive CS or SE to the Veterinary Teaching Hospital (VTH), Department of Veterinary Science, University of Turin. The dogs that received CRI of diazepam (DZP) or PPF for antiepileptic treatment during hospitalization between September 2016 and December 2019 were identified by medical record search. Inclusion criteria were SE or CS confirmed by owners' detailed description/video recording or evaluation at admission/during hospitalization, and primary management of the case by a board-certified neurologist (ADA) or a neurologist in training (GC) under the supervision of a board-certified neurologist. Patients were excluded if the emergency treatment protocol did not follow the standardized guidelines in place at our Institution or if data were missing for CRI (type of medication, dosage, duration, and outcome).



Data collection and definitions

Data extracted from the medical records included: breed, weight, sex, neutering status, age at first seizure, age at hospitalization, history of seizures, previous antiepileptic drug (AED) administration (type and dosage), seizure etiology, reason for presentation (CS or SE), number of seizures (in patients with CS) or seizure duration before presentation (in patients with SE), emergency treatment protocol, type of AED for CRI, duration, and dosage, duration of hospitalization, and treatment outcome.

CS were clinically defined as the occurrence of two or more epileptic seizures within a 24-h period; SE was defined as seizure activity lasting more than 5 min or the occurrence of two or more epileptic seizures without complete recovery of consciousness in between them (8).

Seizure etiology was classified according to International Veterinary Epilepsy Task Force guidelines: reactive seizures, idiopathic epilepsy (tier I and II), and structural epilepsy (suspected or confirmed). Reactive seizures were defined according to history of possible or confirmed exposure to toxic agents or based on hematological laboratory test results (8). Dogs were classified as having idiopathic epilepsy if their first seizure occurred between 6 months and 6 years of age, two or more unprovoked seizures occurred >24 h apart, if the interictal neurological examination was normal (except for AED-induced neurologic abnormalities and post-ictal neurologic deficits), and if no clinically significant abnormalities were identified on minimum database blood tests and urinalysis (tier I) and unremarkable magnetic resonance imaging (MRI) of the brain and cerebrospinal fluid (CSF) analysis (tier II). Structural epilepsy was diagnosed when reactive causes of seizures were ruled out, along with signalment, history, an abnormal interictal neurological examination (suspected structural epilepsy) and anomalous MRI and CSF findings or necropsy (confirmed structural epilepsy). Dogs were classified as having undefined epilepsy if no investigations could be performed and no follow up was available.

Favorable outcome was defined as cessation of clinically visible seizure activity within few minutes from the initiation of the CRI, no seizure recurrence within 24 h after discontinuation of CRI through to hospital discharge, and clinical recovery. Poor outcome was defined as recurrence of seizure activity despite treatment or death in hospital (either by euthanasia or spontaneous) because of recurrent seizures, catastrophic consequences of prolonged seizures (such as cardiac arrhythmias, acute renal failure, rhabdomyolysis, hemorrhagic diarrhea, ab ingestis pneumonia) or no return to an acceptable neurological and clinical baseline, despite apparent control of seizure activity.



Treatment protocol

At our Institution the emergency guidelines for dogs presenting with CS or SE call for administration of rectal/intravenous (IV) DZP (1–2 mg/kg if the patient is seizuring at presentation), followed by IV phenobarbital (4–5 mg/kg q8h) and rectal levetiracetam (LEV) (40 mg/kg one shot). CRI of DZP (0.5 mg/kg/h) or PPF (0.1–0.2 mg/kg/min) is initiated when there is persistence or rapid recurrence of seizure activity despite emergency treatment. The choice between the two AEDs is made by a board-certified neurologist (ADA) or a neurologist in training (GC) under the supervision of a board-certified neurologist for each individual case. In particular, DZP CRI is initiated when after an initial resolution of seizures with the emergency treatment protocol, these recur in a short period of time (within few hours) or when despite an initial improvement of convulsive activity, no complete resolution is obtained. A PPF CRI is considered when despite the emergency treatment protocol there's no modification of the seizure activity.




Statistical analysis

Descriptive statistics and statistical analyses were performed using commercially available software (R version 4.1.3—November 2021). Continuous variables were tested for normality distribution using the Shapiro-Wilk test and were found to be non-parametric. Standard descriptive statistics are reported as median and interquartile range (IQR) for continuous variables and categorical variables as percentage and frequency. Comparisons between the number of patients with favorable outcome and those with poor outcome in relation to type of CRI, seizure etiology, reason for presentation (CS or SE) sex, previous AED therapy and dose of PPF CRI were carried out using Fisher's two-tailed exact test, chi-square test, or Wilcoxon ranked-sum two tailed test as appropriate. For comparisons between outcome and etiological groups, suspected and confirmed idiopathic epilepsy and suspected and confirmed structural epilepsy were combined/grouped together. Statistical significance was set at P < 0.05.



Results

The study sample was 56 dogs, with 70 instances of hospitalization and CRI administered for CS or SE. Excluded from the analysis were 19 dogs (20 instances of hospitalization): because of incomplete medical records (n = 9), because emergency antiepileptic treatment was not standardized (n = 6), and because the management of convulsive activity was not directly supervised by a board-certified neurologist or a neurology resident (n = 5). The final sample was 37 dogs (50 instances of hospitalization): 24/37 (65%) were male (23 intact, 1 neutered) and 13/37 (35%) were female (8 intact, 5 neutered). The median weight was 23 kg (IQR 16–28.8). Most dogs were mixed breed (11/37) or border collie (6/37), German Shepherd (3/37), and 2 dogs each French Bulldog, English Bulldog, and American Staffordshire terrier.

Idiopathic epilepsy was diagnosed in 21/37 (57%), (13/21 tier I and 8/21 tier II); structural epilepsy was diagnosed in 6/37 (16%) of which 4/6 confirmed and 2/6 suspected. A metabolic or toxic cause of seizure activity was recorded in 7/37 (19%): suspected intoxication in 3/7, hypoglycemia in 2/7, hepatic encephalopathy in 1/7, electrolyte abnormalities in 1/7. The cause of seizures could not be established due to lack of diagnostic investigation in 3/37 (8%).

A total of 38/50 (76%) hospitalizations were noted for CS and 12/50 (24%) for SE. All episodes were represented by generalized motor seizures. The number of seizures before hospitalization for CS was available for 21/38 (55%) cases; the median number of episodes was 6 (IQR 4.5–10). The duration of SE before hospitalization was available for only 4/12 (33%) patients, the range of duration was from 10 to 150 min.

A history of previous seizures was recorded in 41/50 (82%) cases, 37/41 of which (90%) had been receiving AED treatment at presentation: 18/37 (49%) were receiving 1 AED [phenobarbital (PB)]; 13/37 (35%) were receiving 2 AEDs [10/13 PB and LEV, 3/13 PB and potassium bromide (KBr)]; 3/37 (8%) were receiving 3 AEDs (2/3 PB, LEV, Imepitoin, 1/3 PB, LEV, and KBr), and 1/37 (3%) was receiving 4 medications (PB, LEV, KBr, gabapentin). In 2/37 patients (5%), the long-term AED medication(s) were not recorded.

CRI of DZP or PPF was administered in 29/50 (58%) and in 21/50 (42%) instances of hospitalization, respectively. The median duration of CRI of DZP or PPF was 24 h (range, 12–28 h for DZP and 12–33 h for PPF). In all patients O2 supplementation was provided by nasal cannula and adequate blood oxygen saturation was assured by periodical evaluations, but no mechanical ventilation during CRI was required in any of these patients.

In 30/50 (60%) instances of hospitalization, the patient responded well to CRI with cessation of seizure activity, no recurrence in the 24 h after discontinuation of CRI through to hospital discharge, whereas a poor outcome was recorded for 20/50 (40%) cases (DZP CRI in 12/50 and PPF CRI in 8/50). Spontaneous death after sudden cardiac arrest while receiving CRI was recorded in 3/20 (15%) dogs, while 10/20 (50%) were humanely euthanized. Euthanasia was performed in 7/10 patients due to seizure recurrence despite treatment and in 3/10 patients due to catastrophic clinical consequences of seizure activity in 3/10. In particular, one dog developed ad ingestis pneumonia, while the other 2 manifested cardiac arrhythmias, acute renal failure, rhabdomyolysis and hemorrhagic diarrhea. In those patients, results of further tests such as blood gas and electrolyte analysis, hematological investigations, and FAST ultrasound of thorax and abdomen, along with thoracic radiographs concurred to the decision of euthanasia. Further medications to control seizure activity were administered in 7/20 (35%): 5/7 (51%) patients receiving CRI of DZP were switched to CRI of PPF. In 2/7 (29%) patients receiving CRI of PPF, a first attempt at weaning off was made then CRI was restarted due to recurrence of seizure activity within 24 h after discontinuation.

Table 1 presents the characteristics of the two groups and a comparison of the study variables and outcomes. There were no statistically significant differences in any of the variables studied.


TABLE 1 Outcome after CRI of DZP or PPF in dogs presenting with CS or SE: details of study groups and statistical analysis.
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Since a dose range of PPF was used during CRI, a statistical analysis was also performed to evaluate a potential dose effect of PPF CRI on outcome. The median dose of PPF CRI was similar in the two outcome groups [median dose PPF CRI good outcome: 0.150 (IQR 0.100–0.200); median dose PPF CRI bad outcome: 0.165 (IQR 0.100–0.200)] and no statistically significant differences were found (p = 0.97).

In patients with history of seizures, no statistically significant associations were found between outcome and presence or absence of chronic AED therapy, type of chronic AED(s) or number of chronic AED(s). Results are reported in Table 2.


TABLE 2 Outcome after CRI of DZP or PPF in dogs presenting with CS or SE in relation to antiepileptic treatment: details of study groups and statistical analysis.
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The median duration of hospitalization for patients with a good outcome overall was 36 h (IQR 24–48): the median duration was 24 h (IQR 24–36) for the dogs that received CRI of DZP and 36 h (IQR 12–60) for those that received CRI of PPF. Different degrees of ataxia and sedation were the only side effects recorded.



Discussion

To our best knowledge, this is the first retrospective study to describe a fairly large sample of dogs treated with CRI of DZP or PPF because of lack of response to standard emergency treatment for CS or SE. Response to treatment was good overall, with complete suppression of seizure activity within 24 h after discontinuation of CRI through to hospital discharge.

A higher percentage of successful outcome was reported in case of CRI of DZP compared to PPF. A plausible explanation is the proven synergy in anti-seizure effect between LEV and DZP (9, 10) since all patients received one administration of LEV as part of the standardized baseline antiepileptic protocol. In contrast, it may be argued that since the present study lacks randomization, CRI of PPF was administered in more severe clinical cases with a worse prognosis. Caution is therefore warranted when drawing conclusions on the efficacy of CRI of DZP vs. PPF. Further studies are needed to elucidate the differences between the two types of AED.

Though consensus on the treatment of CS and SE is lacking, general guidelines suggest the administration of CRI with benzodiazepines or PPF if first-line therapy with benzodiazepines IV boluses combined with initiation of a maintenance AED such as Pb or LEV fails (4, 6, 11, 12). Despite these indications, and except for textbook information on dosages (6), however, to our best knowledge there is only one published report describing in detail the administration of CRI of midazolam in dogs (7) and very few studies on such treatments in clinical practice (1, 13–15).

Bateman and colleagues reported on CRI of DZP in 66.8% of hospital admissions in 156 cases of CS and SE, with a mean duration of 22.3 ± 16.1 h, but without further indications about medication dosage or efficacy (1), thus precluding comparison with the present study.

In their recent study, Bray and colleagues reported on the administration of CRI of midazolam in dogs referred for CS or SE. The mean duration of CRI was 25 h (range, 2–96 h). Complete control of seizure activity was defined as the absence of further seizures between CRI initiation or escalation and hospital discharge. Seizure activity was defined as largely controlled in case of a single, isolated seizure after CRI initiation without the need for dosage adjustment. In both cases, seizure control was considered successful. CRI of midazolam was associated with successful outcome in 85.4% cases (7). In contrast, we noted a lower response rate, also when only patients administered CRI of DZP were considered. The discrepancy may be related to the difference in intrinsic efficacy of the two benzodiazepines. In human medicine only one prospective study published to date has compared the efficacy of CRI of midazolam vs. DZP in controlling seizure activity during refractory SE in children. There were no statistically significant differences in outcome between the two groups (16). In veterinary medicine no clinical trials have compared benzodiazepines in the treatment of refractory SE. One study compared the efficacy of intranasal midazolam vs. rectal DZP in the emergency management of SE in dogs. The clinical trial involved 35 dogs with different seizure etiologies and concluded that intranasal midazolam was more efficacious than rectal DZP in controlling SE (17).

Based on this scant and contrasting information, the low responder rate we noted compared to Bray and colleagues may be explained by the greater efficacy of midazolam compared to DZP. However, our definition of successful outcome was stricter compared to the one Bray and colleagues applied, so it is possible that this difference in definition could have accounted for the overall lower success rate we found. Also, a direct comparison between the two studies is further complicated by the lack of a standardized baseline treatment protocol in patients receiving CRI of midazolam.

CRI of PPF for the treatment of refractory SE has been widely described in human medicine (18), whereas no veterinary studies have investigated this type of treatment. Steffen and Grasmueck reported on the use of boluses of PPF at a variable dosage of 2 to 8 mg/kg in combination with other AEDs to control refractory seizures of various origin (except metabolic-toxic) in dogs and cats, however, CRI was not administered (19). Later, CRI of PPF at different dosages and duration was reported to be part of the treatment plan for seizures following portosystemic shunt ligation in a small population of dogs and cats (13–15). To date, no studies have involved a larger population of patients with epilepsy of different etiology. In our study, the paucity of dogs with seizure activity of metabolic-toxic origin precludes comparison and conclusion regarding the administration of CRI of PPF in this kind of patients.

CRI of DZP and of PPF were well tolerated; the only side effects were sedation and ataxia. As reported in a previous study, these side effects cannot be separated from the consequences of seizure activity or the concomitant administration of other AEDs (7).

There is no standardized duration of CRI for epilepsy in veterinary medicine. The only indications that can be found in the literature regard CRI of benzodiazepine: the dosage rate should be reduced by 50% every 6 h for at least two reductions before discontinuation, while the duration of CRI of PPF should be at least 6 h (6, 12). The median duration of CRI of DZP in the present study is similar to that reported by Bray and colleagues for CRI of midazolam and by Bateman and colleagues for CRI of DZP (1, 7), while longer duration of up to 138 h has been reported for CRI of PPF (13–15).

In human medicine the guidelines for managing refractory seizure activity recommend induction of therapeutic coma for 24–48 h (20–22). However, debate revolves around whether the induction of therapeutic coma per se and its duration may be associated with increased mortality, poor functional outcome, increased risk of complications, and prolonged hospitalization (23–29). In their recent study, Mulhofer and colleagues reported that a shorter, yet deeper therapeutic coma may be more effective and safer than the current recommendation of 24–48 h of duration (28). In our study the duration of CRI was quite similar for both DZP and PPF, so it is impossible to speculate about the possible effects of CRI duration on outcome and complications. Prospective studies to evaluate this aspect are underway.

Our results show no association between clinical presentation (CS vs. SE) and treatment outcome. Although SE has been conventionally defined as a worse clinical neurological condition compared to CS, only one study to date has evaluated the potential risk factors for mortality in dogs with CS or SE, in which the clinical presentation was a variable of interest. The study found no association between SE and mortality per se (30). Our data seem to share this finding.

The duration of convulsive activity before treatment in case of SE was available only for a small percentage of patients, precluding the possibility to assess the influence of this parameter on the outcome and the treatment strategy itself. It is in fact well-known how during prologued seizure activity synaptic gamma amino-butyric acid (GABA)a receptors undergo a progressive maladaptive internalization, causing loss of benzodiazepine efficacy (31). At the same time, glutamatergic excitation increases due to the upregulation of N-methyl-D-aspartate (NMDA) receptors (32). Based on these theories, experimental studies on rats have been conducted in order to evaluate the benefit of an early polytherapy approach, combining a GABAa receptors agonist (diazepam or midazolam) and a NMDA receptor antagonist (ketamine) in treating SE with good results (33–35). Only one consistent retrospective study has been published on the utilization of ketamine in dogs affected by SE, refractory SE and CS. In those 15 cases reported, ketamine was administered at a dosage of 5 mg/kg IV boluses and resulted effective in 100% of cases of refractory SE, supporting the results obtained in experimental settings (36). In the present study, the treatment protocol did not include an NMDA receptor antagonist, therefore it is possible, but not confirmable, that some of the cases of poor outcome could be related to a reduction of efficacy of benzodiazepines in case of prolonged seizure activity, overexpression of NMDA receptors or both.

In the present study, a high percentage of dogs had a diagnosis of idiopathic epilepsy. This finding contrasts with other studies that reported a metabolic-toxic disease as the main cause of SE in the emergency settings (3, 37). However, other literature sources seem to contest this information, reporting 40.3–59% of dogs affected by IE displaying episodes of SE (2, 38). Furthermore, it must be noted that in our retrospective study both CS and SE were considered. It is well-known from previous studies that certain dog breeds, including the German Shepherd Dog and Border Collie, are predisposed to the development of CS in case of IE (39). These two breeds were the most represented in our population after mixbreed dogs (whom some individuals could also potentially have been genetically associated with German shepherds or border collies). This aspect may therefore also concur explaining the high percentage of dogs with IE presenting with CS.

A structural etiology of seizures has been associated with a worse prognosis (3, 40, 41). We noted no association between structural epilepsy and poor outcome in dogs administered CRI. The number of patients with structural epilepsy was very small in both groups, which may be the reason for the lack of a statistically significant difference.

In the present study, further statistical analyses were performed to verify the effect of previous AEDs therapy on outcome in our population. It is in fact well-known that PB is a potent cytochrome P450 inducer, whose enzymes cause a reduction of action of several medications, including PB itself (42). According to the results of the study, previous administration of PB seems to have no effect on outcome in our population of dogs. This analysis confirms in a way the results of a previous study assessing risk factors for mortality in dogs affected by CS and SE. According to that retrospective study, epileptic patients not receiving any AEDs at the time of presentation were 16 times more likely to display a poor outcome (30).

The duration of hospitalization in the present study cannot be compared with previous ones. It was not reported in a retrospective study of CRI of midazolam (7), while Bateman and colleagues reported a mean and median duration of hospitalization for the entire population of dogs, not only those receiving CRI, so it is impossible to make a direct comparison between ours and their study (1).

Owing to the retrospective study design, there are limitations on the information we were able to retrieve: medical record entry inaccuracies and non-uniform recording may have reduced the amount of useful data for our analysis. As previously stated, even though the emergency treatment protocol was standardized for all patients included in the study, the choice between DZP or PPF CRI was made without randomization, therefore conclusions on efficacy must be drawn with caution. Furthermore, the therapeutic efficacy of the CRI was only defined clinically by the cessation of visible seizure activity, and the lack of an EEG monitoring does not allow to confirm this clinical observation with quantifiable endpoints such as EEG burst suppression. These limitations notwithstanding, the present study is the first to document administration of CRI of DZP or PPF in a large sample of dogs with epilepsy. The medications appeared to be tolerated without major side effects and helped control seizure activity in most patients regardless of seizure etiology. Further studies are needed to evaluate the effects of CRI duration on outcome and complications.
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