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Efficacy of Repetitive Transcranial Magnetic Stimulation for Acute Central Post-stroke Pain: A Case Study
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Although rare, central post-stroke pain remains one of the most refractory forms of neuropathic pain. Repetitive transcranial magnetic stimulation (rTMS) has been reported to be effective in chronic cases. However, there are no data on the effects in the acute and subacute phases after stroke. In this study, we present a case of a patient with thalamic stroke with acute onset of pain and paresthesia who was responsive to rTMS. After a right thalamic stroke, a 32-year-old woman presented with drug-resistant pain and paresthesia on the left side of the body. There were no motor or sensory deficits, except for blunted thermal sensation and allodynia on light touch. Ten daily sessions were performed, where 10 Hz rTMS was applied to the hand area of the right primary motor cortex, 40 days after stroke. Before rTMS treatment (T0), immediately after treatment conclusion (T1), and 1 month after treatment (T2), three pain questionnaires were administered, and cortical responses to single and paired-pulse TMS were assessed. Eight healthy participants served as controls. At T0, when the patient was experiencing the worst pain, the excitability of the ipsilesional motor cortex was reduced. At T1 and T2, the pain scores and paresthesia' spread decreased. The clinical improvement was paralleled by the recovery in motor cortex excitability of the affected hemisphere, in terms of both intra- and inter-hemispheric connections. In this subacute central post-stroke pain case, rTMS treatment was associated with decreased pain and motor cortex excitability changes.
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INTRODUCTION

Central post-stroke pain (CPSP) may occur after lesions at any level of the somatosensory pathway of the central nervous system. An incidence of 5–8% has been reported in the first few months after hemispheric stroke (1). Prevalence seems higher in the subacute (from day 15 to day 90) and chronic stages (>90 days after the event) than in the acute phase (2). CPSP is often refractory to standard medical treatments (3). Evidence indicates that repetitive transcranial magnetic stimulation (rTMS) may provide moderate pain relief in intractable chronic CPSP when applied at high frequencies (>5 Hz) over the primary motor cortex (M1) contralaterally to the pain side (4). However, to the best of the authors' knowledge, there are no studies concerning the analgesic effect of rTMS treatment administered in the early subacute phase after stroke. Reasons may include the following: (a) the condition itself is rare; (b) the diagnosis can be difficult when the patient is cognitively impaired and/or; (c) other potential causes of pain may coexist; (d) within a life-threatening condition, pain may not seem a priority to both patients and physicians; (e) first-line therapy for central pain is pharmacological, and rTMS is only considered when drugs are ineffective; (f) there may be contraindications to rTMS, such as a history of epilepsy. This was a case study where clinical changes were correlated with changes in cortical excitability indices.



METHODS


Participant

A 32-year-old woman was admitted to a stroke unit due to acute onset of pain and paresthesia on the left side of her body. Symptoms were associated with mild left hemiparesis and lateral homonymous hemianopia. Her medical history was notable for allergic asthma. The patient was taking a contraceptive pill. The stroke was diagnosed as cryptogenic, although an embolism through a patent foramen ovale was suspected. Brain magnetic resonance imaging (MRI) confirmed an ischemic lesion in the right posteroinferior thalamus, parahippocampal, and occipital cortex (Figure 1).
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FIGURE 1. From left to right, sagittal (FLAIR), coronal (T1-weighted), and axial (T1-weighted) sections of brain magnetic resonance imaging (MRI) performed three weeks post-stroke. Note the ischemic lesions affecting the posteroinferior part of the right (R) thalamus and the right occipital lobe.


Twenty-two days after her stroke, the patient was admitted to a Neurorehabilitation unit of a teaching hospital due to persistent pain and paresthesia affecting the left side of her body.



Clinical Assessment

On admission to the rehabilitation unit, the patient was visited by an experienced physiatrist and diagnosed with CPSP according to the established criteria: (a) development of pain soon after hemispheric ischemic stroke, (b) spontaneous pain and tingling paresthesia with localization consistent with the brain lesion, and (c) exclusion of other causes of pain (5). Extensive cognitive assessment yielded normal results. Neuro-ophthalmologic assessments confirmed left homonymous lateral hemianopia. This symptom was consistent with both thalamic and occipital lobe lesions. No motor deficits or changes in reflexes were observed. Light touch, vibration (tuning fork, 128 Hz) (6), and spatial discrimination of fingers and toes (JVP Dome) (7) were normal. The pain was described as squeezing and pressing. The painful areas showed allodynia upon light touch. The thermal sensation deficit was qualitatively assessed by applying two rollers at 40 and 20°C. All assessments were performed bilaterally. The abnormal sensitivity was determined by comparing the affected and unaffected sides. Diminished sensitivity to cold and heat sensations was revealed on the left side of the body. The patient was right-handed according to the Edinburgh Handedness Questionnaire (8).

Once the patient entered the study, she underwent three more visits: (T0) immediately before the first rTMS treatment, which was performed 40 days after the stroke; (T1) immediately after the last rTMS treatment; (T2) 1 month later (follow-up). In addition, she received pregabalin (300 mg/day) and amitriptyline (20 mg/day) from the first week after stroke throughout the study period.

During each of the three subsequent visits (T0, T1, T2), the patient was asked to rate the mean intensity of pain during the last 24 h on an 11-point (0–10) numerical rating scale (NRS) (no pain to the worst imaginable pain). She was also asked to complete two validated cumulative questionnaires: the Neuropathic Pain Symptom Inventory (NPSI) (9, 10) and the McGill Questionnaire-Short Form (MPQ-sf) (11, 12), both validated in Italian.

The NPSI includes 12 items describing different qualities of the pain experienced in the last 24 h. Ten items characterize the various symptoms on a 0–10 rating scale, for example, does your pain feel like burning? Does your pain feel squeezing? Two more items capture the duration of pain on a 0–5 rating scale. Thus, the total NPSI score may range from 0 to 110 (the higher the score, the worse the pain experienced). The MPQ-sf consists of 15 items measuring distinct pain characteristics (11 sensory and 4 affective) during the last week. Items representative of the sensory dimensions are, for instance, throbbing and shooting. Items representative of the affective dimension are, for example, tiring/exhaustive, sickening, etc. The questionnaire is a rating scale with item scores ranging from 1 to 4 (none/mild/moderate/severe). Thus, the total score may range from 15 to 60 (the higher the score, the worse the pain).

Finally, the patient was asked to hatch the area of pain on a human outline form after being instructed to differentiate between pain and paresthesia. The patient's drawings are reproduced in Figure 2.
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FIGURE 2. The patient, at three time points, made original drawings. From left to right, drawings collected 40 days after the right thalamic stroke (T0), immediately after the last one of 10 repetitive transcranial magnetic stimulation (rTMS) treatments (T1), and 1 month after the last rTMS session (T2). Pain (red tract) and paresthesia (blue tract) are shown. Note that at T2, the patient acknowledged that she marked the “wrong” side of her body (right rather than left); nevertheless, the original drawing, performed with no cues from the examiner, is provided here.




Assessment of Motor Cortex Excitability

The physician checked for the absence of contraindications to TMS (13). At T0, T1, and T2, the patient performed an extensive electrophysiological test battery. Four indices of intracortical excitability and one of interhemispheric inhibition were computed: (a) resting motor threshold (rMT), (b) short interval intracortical inhibition (SICI), (c) intracortical facilitation (ICF), and (d) ipsilateral silent period (iSP) (two sub-indices computed).

Reference TMS parameters were available from previous studies conducted in the same laboratory. It must be highlighted that throughout this article, the notation of “side” reflects the stimulated hemisphere. Electromyographic potentials were recorded from the hand homolateral to the stimulated hemisphere for iSP tests and from the hand opposite to the stimulated hemisphere for other tests. The complete protocol and related references are presented in the Supplementary Material.



Stimulation (rTMS)

A physiatrist and neuropsychologist jointly performed the rTMS. An oil-cooled angulated figure-of-eight coil was used (external diameter of each coil 100 mm, model AFEC-02-100-C), connected to a Neuro-MS/D therapeutic variant magnetic stimulator (Neurosoft Ltd., Ivanovo, Russia), which provides repetitive biphasic pulses. The TMS coil was secured using a dedicated coil holder (same as that for motor cortex excitability testing). A published protocol was adopted (14) and performed following the guidelines for safe rTMS use (13). Briefly, 40 trains of 10 Hz rTMS at 90% intensity of rMT were delivered to M1 corresponding to the painful hand (first dorsal interosseous area), each train lasting 5 s, with an intertrain interval of 5 s. Thus, 2,000 pulses were applied in a 6′ 31″ rTMS session. Ten treatments were performed, each on a subsequent working day.



Study Design and Statistical Approach

An ABB quasi-experimental design was used for this single case (15). Changes in pain scores on NPSI, MPQ-sf, and NRS were considered as independent primary endpoints. Favorable changes in any of these three indices were considered evidence of treatment efficacy.

For pain questionnaires, only individual observations in this single patient were available. Therefore, the approach to statistical significance was based on the logic of comparing individual changes with established thresholds of change for a given test, that is, the “minimal clinically important change” (MCIC). Based on published data, the threshold for “important” change was set to 6 points for the 15–60 MPQ-sf (16); 20% of baseline values for the total score for the NPSI (personal communication, courtesy of Dr. Bouhassira), and 20% (rounded to the nearest integer) of baseline values for the 0–10 NRS (17).

Changes in neurophysiological parameters were considered secondary endpoints. They were considered a form of intra-subject control supporting the non-placebo cause-effect inference on rTMS and pain relief (if any). Given the study design, no statistical analysis could be performed on neurophysiological parameters. Instead, a descriptive data analysis was conducted, including a comparison of baseline data from eight healthy volunteers (mean age 31 ± 4 years; 4 men), providing reference standards for the laboratory. All subjects were right-handed and had no neurological disease.

The study followed the Declaration of Helsinki on human studies (18) and was approved by the institutional ethics committee. The patient provided oral consent for participation in the study, recorded by the principal investigator, and written informed consent to publish the study results. In the Rehabilitation Department, where the study was conducted, rTMS is a treatment that complements many standard motor and cognitive rehabilitation programs. Therefore, the particular disorder treated here (i.e., post-stroke pain) was not deemed to imply contraindications and modalities of application different from those routinely adopted for other impairments, such as post-stroke language impairments (19, 20).




RESULTS


Clinical Changes

No adverse events were observed. A clinically important improvement (i.e., a decrement), from NPSI scores of 58 to 41, was detected immediately after the last rTMS session (T1), and maintained until follow-up (T2). Clinically important decrements of the MPQ-sf score (from 42 at T0 to 18 at T2) and NRS scores (from 8 at T0 to 4 at T2) were also recorded. Table 1 provides numeric details. Allodynia on light touch disappeared at T1, while deficits of thermal sensation and the visual field defect remained steady throughout the study period.


Table 1. Clinical results at the three time points: 40 days after the right thalamic stroke (T0), immediately after the last repetitive transcranial magnetic stimulation (rTMS) treatment session (T1), and one month after the last rTMS session (T2).
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Figure 2 represents the original pain drawings made by the patient. These drawings highlight the progressive reduction of the painful (red tract) and paresthetic (blue tract) areas at the three time points. At T0, pain affected the anterior surface of the forearm and the posterior surface of the trunk on the left side of the body. Tingling paresthesia affected the neck, the shoulder girdle, the lateral side of the arm and the palm, the thigh and the leg of the left lower limb while sparing the knee, and the dorsum of the third, fourth, and fifth toes. Immediately after the last rTMS session (T1), the patient complained of pain affecting the shoulder and the lateral side of the arm and the trunk's posterior surface; overall, paresthesia covered a smaller area. At T2, the pain was confined to the posterolateral surface of the left shoulder only. The former trunk pain had been replaced by tingling paresthesia, which also affected the anterior surface of the neck and the palm.



Differences in Motor Cortex Excitability Measures

The numerical results are shown in Supplementary Table 1. Representative tracings are shown in Figure 3. The resting motor threshold did not substantially change at the three time points. The iSP duration was shorter than normal on stimulation of the affected hemisphere and longer on stimulation of the unaffected hemisphere at T0 and T1. At T2, the iSP duration became normal and nearly symmetrical on the stimulation of both sides. At all three time points, the iSP area was greater on stimulation of the unaffected hemisphere when compared to the affected hemisphere, and both hemispheres provided values higher than the control values. SICI was normal bilaterally at all three time points. In contrast, upon stimulation of both hemispheres, ICF was nearly suppressed and even presented as inhibition (see values marked in bold in Supplementary Table 1), both at T0 and T1. ICF regained positive values on stimulation of both hemispheres at T2; however, it showed abnormally high values on stimulation of the unaffected hemisphere.


[image: Figure 3]
FIGURE 3. Assessment of motor cortex excitability. (A) Shows the ipsilateral silent period (iSP) from TMS suprathreshold stimulation of M1 (120% of resting motor threshold, rMT) of either hemisphere at three time points: 40 days after the right thalamic stroke (T0), immediately after the last rTMS treatment on the primary motor area of the affected hemisphere (T1), and one month after the last rTMS (T2). Surface EMG from the first dorsal interosseous during maximal thumb adduction, rectified, filtered, and averaged across eight stimuli. Dotted lines indicate the mean amplitude of EMG activity in the 10 ms preceding the TMS stimulus. The iSP area is marked with an asterisk (*). See Supplementary Material for further details. (B) Shows the short interval intracortical inhibition (SICI) and the intracortical facilitation (ICF) at T0 (left column of tracings) and T2 (right column) of the affected hemisphere. From top to bottom: eight superimposed traces of EMG signals were recorded after a single-pulse TMS delivered at 120% of the resting motor threshold (rMT) (line 1: unconditioned), and after paired-pulse TMS (ppTMS; lines 2–5). For ppTMS, the conditioning stimulus was given at 75% of rMT 3 ms (line 2), 5 ms (line 3), 15 ms (line 4), and 20 ms (line 5) before the conditioned stimulus, delivered at 120% of the rMT.





DISCUSSION

Despite only including a single case in the present study, this case may extend prior knowledge of rTMS application in patients with CPSP.

A clinically important reduction in CPSP was reported after rTMS treatment administered in the early subacute phase in a patient with an acute onset of pain. This original finding is consistent with previous results in chronic CPSP (21, 22). However, the analgesic effects of rTMS for acute and subacute pain have been less studied. Few studies have been performed on postsurgical pain (23), pain after spinal cord injury (SCI) (24), and experimental model pain. In addition, there are no data available on subacute CPSP (25).

An analgesic effect of rTMS treatment administered to the left dorsolateral prefrontal cortex (DLPFC; one session immediately following surgery and one session 4 h later) was found in patients with pain following gastric bypass in the perioperative setting. Unfortunately, a direct comparison with the present study was prevented due to the difference in the stimulation site (23). In a randomized, double-blind clinical trial, rTMS over the hand area of the M1 alleviated acute neuropathic pain in the early phase of spinal cord injury. However, this effect was limited to 2 or 3 weeks (24). In an experimental model of acute pain (i.e., caused by the application of capsaicin to the skin), high frequency (10 Hz) rTMS applied to the contralateral M1 alleviated the subjective sensation of pain and raise the pain detection thresholds more than sham stimulation. These findings demonstrate the possible analgesic effects of rTMS (25). To date, however, data seem insufficient to prove the effectiveness of rTMS in acute or subacute post-stroke pain. Evidence remains missing regarding the role of laterality, site of stimulation (M1 or DLPFC), and stimulation frequency.

To the best of our knowledge, this is the first study documenting a new pattern of alterations of cortical excitability in response to M1 stimulation in a subacute CPSP patient presenting with neither motor nor sensory deficits except for thermal sensation and abnormalities of light touch sensation. At baseline, the response pattern to paired stimulation at 15 ms and 20 ms interstimulus intervals, usually leading to an increase in the conditioned MEP (ICF) (26), unexpectedly led to a decrease in the MEP. iSP duration was shorter than normal when the affected hemisphere was stimulated, reflecting a lower capacity for interhemispheric inhibition. The iSP was longer than normal on stimulation of the unaffected side.

This response pattern to TMS testing appeared to be the counterpart to pain perception in this patient. Responses can be summarized as a sort of bilateral “pain-related cooling” of intracortical facilitatory circuits, when triggered by stimulation of the motor cortex—which was intact—of the affected hemisphere. This phenomenon is consistent with the fact that (a) ICF and iSP duration, the latter reflecting cortico-cortical excitability, were decreased, whereas rMT, reflecting cortico-spinal excitability, was unaffected; (b) suppression of ICF was bilateral; and (c) the ipsilesional (yet intact) cortex also exerted a low inhibition on the contralesional cortex.

This pattern of response to TMS testing was specific to this patient's lesion. Concerning the bilateral decrease of ICF (even reverting to inhibition), unilateral pain syndrome may lead to bilateral changes in cortical excitability. This was the case for a TMS study of patients with complex regional pain syndrome affecting one hand. These results led to “the assumption that bilateral cortical disinhibition is not just a secondary phenomenon resulting from pain. It suggests a generalized involvement of the central motor system, which occurs early during the disease and remains present years after its initiation” (27). However, in that study, SICI depression with no ICF alterations, was recorded.

A possible explanation for these peculiar findings at baseline may be that gamma-aminobutyric acid agonists could exert a bilateral depressive influence selectively on ICF circuits. However, this explanation is unlikely. Such a depressive effect should also be found bilaterally on motor thresholds and iSP duration (28). Furthermore, this patient experienced severe pain, with no sensory deficits involving touch, vibration, or spatial discrimination. Sensory symptoms were confined to the loss of thermal discrimination and allodynia to light touch. Therefore, deafferentation does not appear to be a convincing explanation for pain (28). As a matter of speculation, an alternative hypothesis might be impaired intra-thalamic inhibition.

The mesial (so-called “limbic”) thalamus (29) projects to the anterior cingulate cortex and is considered to control the affective-emotional and behavioral features of pain through this projection. The lateral thalamus is involved in the sensory appraisal of pain through its projections to the parietal cortex, modulating motor cortex excitability (30). The posterior thalamus is also a key station of visual pathways projecting to the visual cortex. The lateral thalamus inhibits the mesial thalamus. For instance, in a single case, a lesion of the lateral thalamus (presumably causing mesial disinhibition) was found to divert sensory stimulation toward crying (31). The lesion observed in the present case (Figure 1), affecting the posteroinferior thalamus, seems consistent with pain/paresthesia syndrome and visual field defects. In short, one can speculate that the damage might have been prevalent for intra-thalamic circuits: these were no longer effective in inhibiting the mesial thalamus, thus leading to severe pain perception and bilateral spreading of the “cooling” of intracortical facilitation through limbic circuits. Most of the lateral thalamus sparing might explain both the scarcity of sensory consequences and the absence of motor deficits.

The effect of rTMS treatment on pain was, in part, expected. From the early '90s, stimulation of M1 through deep brain stimulation, through transcranial magnetic or direct-current stimulation, is known to be effective in treating various pain syndromes (32). Nevertheless, the exact mechanism of action remains unclear. High frequency rTMS on the M1 of the affected side may reinforce the cortical excitability of the affected hemisphere and re-balance inter-hemispheric inhibition (33, 34). Indeed, when the patient was experiencing the worst pain (T0), the excitability of the motor cortex of the affected hemisphere was reduced (i.e., ICF was suppressed and iSP duration was reduced). At T1 and T2, the reduction in pain was paralleled by the recovery in motor cortex excitability of the affected side, as observed by testing intra- and inter-hemispheric connections.

In addition, the pain was relieved mainly in the trunk, despite stimulating the cortical hand area. On the other hand, this finding is consistent with the observation that rTMS was more effective when stimulation was applied over the cortical representation of areas adjacent to, not coincident with, areas of M1 representing the painful body segments (35).

A fundamental limitation of the present results cannot be overlooked, i.e., spontaneous recovery from pain might have occurred, given that stroke was recent. However, this explanation is not entirely satisfactory. CPSP is known to be long-lasting. Contrary to motor and the sensory deficits, it tends to continuously worsen, rather than improve and stabilize in the first months after damage (5). In addition, a prevalent placebo effect is unlikely. Pain and paresthesia improved after rTMS, whereas deficits in thermal sensation and visual field did not show modifications. Further, objective changes in neurophysiologic parameters indeed paralleled the decrease in pain, suggesting that reports of pain perception were credible. Nevertheless, these neurophysiological changes can be the effect rather than the cause of psychological, placebo-induced changes if one accepts a bidirectional brain-mind relationship (36, 37). In the present study, only the iSP was used as a measure of transcallosal inhibition to reduce patient's burden to a minimum. Future studies should also consider alternative interhemispheric communication measures, such as interhemispheric inhibition (IHI) elicited by double TMS coils, testing distinct pathways (38). Another potential limitation of the present study was the use of non-navigated methods for identifying the target area for stimulation, although the impact of neuronavigation on the outcome of rTMS pain therapy has not been established yet (39). Finally, with respect to NPSI pain scores, the MCIC was obtained from personal information by the scale inventor, not from a dedicated psychometric study providing valuable anchors (40). On the other hand, no alternative measures [i.e., the Minimal Detectable Change, or Minimal Real Difference (41)] were available.

In summary, the mechanism behind the effects of the applied rTMS treatment, in this case, remains poorly understood. However, this protocol deserves further investigation for its application in central pain following thalamic stroke.
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