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Introduction: The use of lidocaine (lignocaine) and ketamine infusion in the inpatient treatment of patients with headache disorders is supported by small case series. We undertook a retrospective cohort study in order to assess the efficacy, duration and safety of lidocaine and ketamine infusions.

Methods: Patients admitted between 01/01/2018 and 31/07/2021 were identified by ICD code and electronic prescription. Efficacy of infusion was determined by reduction in visual analog score (VAS), and patient demographics were collected from review of the hospital electronic medical record.

Results: Through the study period, 83 infusions (50 lidocaine, 33 ketamine) were initiated for a headache disorder (77 migraine, three NDPH, two SUNCT, one cluster headache). In migraine, lidocaine infusion achieved a ≥50% reduction in pain in 51.1% over a mean 6.2 days (SD 2.4). Ketamine infusion was associated with a ≥50% reduction in pain in 34.4% over a mean 5.1 days (SD 1.5). Side effects were observed in 32 and 42.4% respectively. Infusion for medication overuse headache (MOH) led to successful withdrawal of analgesia in 61.1% of lidocaine, and 41.7% of ketamine infusions.

Conclusion: Lidocaine and ketamine infusions are an efficacious inpatient treatment for headache disorders, however associated with prolonged length-of-stay and possible side-effects.
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INTRODUCTION

Within Australia, headache was the 20th most common diagnosis for patients subsequently admitted to hospital for the period 2016–2017 (1). Accordingly, headache is associated with a significant economic impact, with an estimated $6.8 billion in 2018 in hospital admissions and emergency department presentations (1). First-line therapies for patients presenting with a primary headache disorder to the emergency department, and in particular migraine, is supported by moderate or high-quality evidence (2).

In patients who fail to respond to initial therapies such as non-steroidal anti-inflammatory drugs, triptans, prochlorperazine or chlorpromazine, there are limited treatment options with a high-level of evidence (2). In a recent survey of American Headache Society (AHS) members, intravenous lidocaine (lignocaine) was recommended as a first line therapy for hospitalized migraine patients in 4.3% and second line therapy in 6.5% of respondents, while intravenous ketamine was recommended in 1.1 and 4.3% respectively (3).

The use of continuous intravenous lidocaine as an acute abortive treatment in migraine or chronic daily headache is supported by several case series (4–7), as is the use of intravenous ketamine (8). Brief one hour infusions of lidocaine has also recently been studied in a controlled trial as a treatment in the emergency department (9). The use of intravenous lidocaine and ketamine require prolonged hospital admission, and are associated with potential adverse effects including neuro-psychiatric and cardiac side effects (5, 10). Within our institution, patients have been referred by treating clinicians for lidocaine and ketamine infusions in treatment of several headache disorders both as an acute abortive therapy, and as a semi-elective procedure in treatment of refractory disease or medication overuse. Lidocaine or ketamine was considered where the patient had failed to respond to appropriate first-line treatments of the condition such as triptans, simple analgesia and prochlorperazine. In this cohort study we sought to assess the efficacy, duration and safety of lidocaine and ketamine infusions at our institution.



METHODS

A retrospective cohort study was undertaken of patients treated with intravenous lidocaine or ketamine while admitted under the neurology unit of a single Australian tertiary hospital due to a headache disorder. To ensure accurate data, cases were identified from both ICD coding and prescription of intravenous lidocaine or ketamine on the hospital electronic prescription system between 1st January 2018 and 31st July 2021. Local protocols for management of lidocaine and ketamine infusions are included as attachment one and two respectively (Supplementary Materials). Cases were reviewed by a specialist neurologist to ensure accuracy of documentation and data was then extracted from the electronic medical record (EMR).

We primarily examined the reduction in visual analog scale (VAS) pain score, which was determined by analysis of recorded pain score in the medical record at the commencement and cessation of infusion (or admission and discharge). Demographic data, medical history, length of stay, infusion, complication and re-presentation were all recorded from the EMR. The number of previously failed preventative medications for migraine were recorded where available from treating specialist correspondence and hospital clinic letters (data available in 47/77 migraine patients). Headache diagnoses were made according to the International Classification of Headache Disorders (ICHD-3).

A variance and regression analysis were undertaken to assess adjusted outcomes in the cohort, and raw outcome data was also reported. T-tests used to test the null hypothesis. Two-sided p-values <0.05 were considered statistically significant. All analyses were performed in SPSS v27.0. This study received approval from the local human research ethics committee (HREC 327/20).



RESULTS

Between 01 January 2018 and 31 July 2021 eighty-three patients were admitted to hospital for the treatment of a headache disorder and required an intravenous infusion of either lidocaine or ketamine. The prescription and management of intravenous infusions at the hospital is standardized and managed by local protocols. Through the study period, fifty patients received lidocaine infusions at a rate of 2 mg/min. A total of 33 patients received ketamine infusions, which are started at 7 mg/h, and up-titrated according to protocol (see attachment 2) and as tolerated to a maximum dose to 24 mg/h.

A total of 77 patients received an infusion for migraine (45 lidocaine, 32 ketamine), three for new daily persistent headache (NDPH) (two lidocaine, one ketamine), two patients received lidocaine infusions for SUNCT and one received a lidocaine infusion for cluster headache. The demographics of the cohort are presented in Table 1. There were significant differences between the patient cohorts in the mean number of comorbidities and mean number of previously failed preventative medications, with higher means seen in the ketamine cohort. Lidocaine infusions were associated with a significantly longer infusion.


Table 1. Baseline characteristics of patient cohort.
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The overall rate of any adverse effect of intravenous infusion was 32% in the lidocaine cohort, and 42.4% in the ketamine cohort. The majority of adverse events reported were minor, and not unexpected with the medication, such as paraesthesia with ketamine infusion and dizziness with lidocaine, however more significant adverse effects were noted requiring cessation of infusion. A complete list of adverse events is summarized in Table 2. In total, 10% (5/50) of lidocaine infusions had an adverse event that led to cessation, and 2% (1/50) continued following dose reduction. A total of 12.1% (4/33) of patients who received a ketamine infusion had an adverse event that led to cessation, while 3% (1/33) continued after dose reduction.


Table 2. Side-effects of lidocaine and ketamine infusion.
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Migraine

A total of 77 patients received infusions for migraine (45 lidocaine, 32 ketamine) over the study period. Of the cohort, 68.9% were semi-electively admitted to the hospital for the purposes of the infusion, while the remainder received an infusion after presenting through the emergency department and an escalation of other therapies. Medication overuse in this cohort was present in 39%, and 33.8% of patients presented in status migrainosus. The mean maximum tolerated dose of ketamine was 16.3 mg/h (SD 6.5 mg). The demographics of the migraine cohort are summarized in Table 3.


Table 3. Characteristics of migraine patients.
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In patients who received a lidocaine infusion, the proportion who achieved a 50% or greater reduction in pain was 51.1% (23/45), achieved after a mean of 4.5 (SD 0.5 days), while 31.1% (14/45) achieved pain freedom over a mean infusion duration of 6.2 days (SD 2.4 days). The 30-day re-admission rate was 6.7% (3/45). In the ketamine infusion cohort, the proportion of patients who achieved a 50% or greater reduction in pain was 34.4% (11/32), achieved after a mean of 3.4 days (SD 0.5 days) while 15.6% (5/32) achieved pain freedom over a mean of 5.1 days (SD 1.5). The 30-day re-admission rate was 3.1% (1/32).

In the migraine cohort, the mean percentage reduction in VAS pain score with lidocaine infusion was 53% (SD 39.3), and 31.6% (SD 41.3) for ketamine infusion (Figure 1). In 47 of the 77 cases data was available for previously trialed preventative medications, and these patients were included in a univariate analysis of variance. The unadjusted mean reduction in VAS pain score in this smaller group was 62.6% (SD 38.8) for lidocaine and 32.7% (SD 42.6) for ketamine. A univariate analysis of variance was undertaken to explore the mean reduction in VAS between the cohorts, controlling for the number of comorbidities and failed preventive treatments as co-variates. This revealed a statistically significant difference between the infusion groups (p = 0.035). The estimated marginal mean percentage reduction following co-variate analysis was 62% in the lidocaine group (95% CI 45–79%), and 33.4% in the ketamine group (95% CI 14.4–52.4%).


[image: Figure 1]
FIGURE 1. Mean reduction in visual analog scale (VAS) score with intravenous lidocaine and ketamine in migraine, medication overuse headache (MOH) and status migrainosus.




Complications of Migraine

Within the migraine cohort 26 patients were reported to suffer from status migrainosus. Within this group, the 16 patients received a lidocaine infusion, 43.8% (7/16) of whom had a ≥50% reduction in pain, while 25% (4/16) achieved pain freedom over a mean 6.6-day (SD 2.7) infusion. The 30-day re-admission rate was 12.5% (2/16). A total of 10 patients received a ketamine infusion, with a ≥50% reduction in pain rate of 20% (2/10) and pain freedom in 10% (1/10), over a mean 5.9 day (SD 1.2). There were no re-admissions within 30 days.

Within the migraine cohort, 30 patients were documented to suffer from medication overuse headache (MOH). Of patients who received a lidocaine infusion, 27.8% (5/18) overused triptans, 5.5% (1/18) overused NSAIDs and 72.2% (13/18) overused opiates. Within the ketamine cohort, 16.7% (2/12) overused triptans, 16.7% (2/12) overused NSAIDS and 66.7% overused opiates. Within the MOH cohort, lidocaine infusion achieved a ≥50% reduction in pain in 50% (9/18) of patients, and pain freedom in 22.2% (4/18). The offending was successfully withdrawn in 61.1% (11/18), and the mean duration of infusion was 6.1 days (SD 2.3). Ketamine infusion achieved a ≥50% reduction in pain in 25% (3/12), and pain freedom in 25% (3/25). Medication overuse was successfully addressed in 41.7% (5/12) patients, over a mean duration of 5.3 days (SD 1.3).



New Daily Persistent Headache

Three patients received infusions (two lidocaine, one ketamine) for a new daily persistent headache (NDPH). Both patients who received lidocaine infusion (one elective, one via emergency) achieved a ≥50% reduction in pain, while neither had pain freedom. The patient who received a ketamine infusion electively did not achieve a ≥50% reduction in pain. No patients were re-admitted within 30 days.



Trigeminal Autonomic Cephalalgia

Within the study period, three patients received a lidocaine infusion for a trigeminal autonomic cephalalgia (TAC), two patients diagnosed with SUNCT (one elective, one via emergency) and one with cluster headache (via emergency). All patients who received a lidocaine infusion for a TAC achieved both a ≥50% reduction in pain and pain freedom. One patient with SUNCT re-presented within 30 days.




DISCUSSION

This study provides further evidence for the use of intravenous lidocaine and ketamine in the treatment of headache disorders. The efficacy of intravenous lidocaine in achieving pain freedom at discharge in status migrainosus in this cohort (25%) is similar to the 20% reported previously in a child and adolescent cohort (5). A smaller adult series previously reported pain freedom in 4/5 infusions (4). In treatment of MOH, the rates of analgesic withdrawal was lower in our cohort (61.1 vs. 97%) and pain freedom (22.2 vs. ~60%) then those previously reported by Williams and Stark (6). Direct comparisons between previously published series and our cohort study are fraught however due to both methodological differences between the studies, and the high number of preventative treatment failures in our group, suggesting a more refractory cohort.

The efficacy of ketamine infusions has been reported previously by Lauritsen et al. In this case series, the authors utilized a VAS < 3 as an outcome measure rather than pain freedom, which accounted for at least a ≥50% reduction from the reported initial VAS. The authors reported 6/6 patients achieved this outcome. In comparison in our cohort, the ≥50% reduction rate in migraine was significantly less (34.4%) (8).

The reported rate of adverse-effects of intravenous lidocaine in the literature varies between 0 and 100% (10). The rate of psychiatric and cardiac adverse events in our cohort was lower than that reported by Gil-Gouveia and Goadsby (50% each respectively) (10), while the overall adverse event rate was higher than the largest previous lidocaine case series (6). Conversely, Hand et al. reported adverse events in 4/19 cases (4). Overall, the adverse effects of intravenous lidocaine in our cohort were generally mild and transient, with a discontinuation rate for any reason of ~10% in each cohort.

The mechanism by which intravenous lidocaine has anti-nociceptive effect in headache is uncertain. It has an inhibitory effect on voltage-gated sodium channels, and the active metabolite of lidocaine, monoethylglycine (MEG) inhibits the glycine transporter GlyT1 (11). In pre-clinical models, GlyT1 inhibition has been shown to reduce allodynia, as well as normalize neuronal, voltage-gated sodium channels and c-fiber firing (12). There is evidence also that lidocaine attenuates IL-6, which has a role in hyperalgesia and allodynia (12). The mechanism by which ketamine may have anti-nociceptive effect in headache is postulated to relate to its role as a NMDA receptor antagonist. Inhibition of NMDA in turn inhibits glutamate, which has been implicated in cortical spreading depression propagation, central sensitization and activation of nociceptive neurons (8). Other parenteral treatment options include dihydroergotamine, which inhibits vasoconstriction, and CGRP release at 5HT1B/D receptors (13), chlorpromazine which antagonizes dopamine (14) and sodium valproate, which inhibits GABA uptake and inhibits voltage-sensitive channels while stimulating GABA synthesis (15).

Consideration of the preventative medication that a patient has responded to may provide insight into the tolerability of the infusion. Propranolol and verapamil, which may cause bradycardia, may be poorly tolerated with lidocaine. Ketamine undergoes N-demethylation in the liver under the influence of CYP3A4 (16), while lidocaine undergoes N-demethylation under the influence of CYP1A2 and CYP3A4 (17). Inhibitors of CYP3A4 include verapamil, while carbamazepine is an inducer of both CYP3A4 and CYP1A2 (18, 19).

The strengths of this study include the size of the cohort, which is the largest infusion study in the literature that the authors are aware of. In addition, outcome data was available for every case, and each case was reviewed by a specialist neurologist. The major limitation of this study is the retrospective design. Data such as the presence of complications of migraine such as status migrainosus or MOH relied upon the accuracy of documentation at the time, and as such are most liable to under-reporting in this study. Data detailing all trialed alternate therapies, timing of treatment failure, and duration of symptoms prior to commencement of infusion was not available. Similarly, data following discharge was not available, and as such duration of effect, MOH withdrawal or pain freedom is not known. Finally, the choice of intravenous infusion for individual patient was made by the treating neurologist at the time, and therefore is subject to patient factors, as well as individual prescribing habits and biases.



CONCLUSION

This cohort study provides further evidence for the efficacy of intravenous lidocaine and ketamine in the inpatient treatment of headache disorders. Our study suggests that lidocaine infusions are associated with a higher mean reduction in pain score compared to ketamine, however further prospective study is required to confirm this observation. The overall adverse effects of both infusions in this cohort was high. Further prospective, controlled studies are required to guide treatment decisions in the inpatient treatment of migraine and headache disorders.
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