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Abstract

Background—Supplementary motor area (SMA) syndrome occurs after surgery involving the 

SMA and is characterized by contralateral hemiparesis with or without speech impairment 

(dependent on involvement of the dominant SMA), which is transient and characteristically 

resolves over the course of weeks to months.

Objective—Recurrent SMA syndrome after repeat craniotomy has not been previously 

described. In this manuscript, we describe the presentation and clinical course of patients who 

developed recurrent SMA syndrome after redo resection of tumors involving the SMA.

Methods—We performed a retrospective review of 15 patients who underwent repeated 

resection of low grade glioma from the superior and middle frontal gyrus (SFG, MFG). Of these 

patients we identified six cases of recurrent SMA syndrome.

Results—Six patient had a documented SMA syndrome occurring after initial and subsequent 

resection of tumor in proximity to the SMA. Intraoperative localization of eloquent motor and 

language cortex was achieved in each patient using a combination of somatosensory evoked 

potentials (SSEPs) and electrocortical stimulation mapping. Location of tumor and extent of 

resection was examined with magnetic resonance (MR) imaging.

Conclusion—This series demonstrates that recurrent SMA syndrome occurs in patients 

undergoing repeat resection of tumors involving the SMA. The presence of recurrent SMA 

syndrome provides support for reorganization of SMA function to adjacent ipsilateral cortex after 

resection. Patients with recurrent neoplasms of the SMA should be counseled on the possibility of 

recurrent SMA syndrome.
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Introduction

Lesions involving the supplementary motor area and Brodmann area 6 (SMA; BA6) 

commonly result in a well described clinical presentation known as the SMA syndrome1–7. 

As initially reported in 1977 by Laplane et al., SMA syndrome is characterized by 

immediate and transient postoperative contralateral motor deficit with possible speech 

impairment after surgery involving the dominant SMA/BA63. The SMA syndrome is 

reported most commonly following tumor resection2, 4 or resection for epilepsy3, but reports 

of similar motor neglect are also associated with certain vascular lesions such as anterior 

cerebral artery infarcts of the medial frontal lobes8, 9. The impairments seen with SMA 

syndrome are almost universally transient and typically resolve over the course of days to 

weeks2, 10. Though classically described as akinetic mutism2, motor impairments can range 

from mild hypokinesia to severe hemiparesis; the severity of the syndrome does not seem to 

correlate with duration of recovery10.

Despite numerous clinical reports in the literature2, 4, 6, the pathophysiology of SMA 

syndrome is poorly understood and the mechanism underlying the syndrome’s characteristic 

reversibility is unclear. Several pathophysiologic mechanisms have been proposed, 

including cerebral edema, regional ischemia, retraction injury, and most commonly, removal 

and subsequent reorganization of the SMA function itself6, 10. Preoperative localization of 

the SMA by functional magnetic resonance imaging (fMRI) demonstrates that resection of 

the functionally active SMA is highly associated with development of the SMA syndrome6. 

Reorganization of the SMA has been postulated as a potential mechanism of neurologic 

recovery in the SMA syndrome6, but no correlative reports based on functional imaging or 

electrophysiological assessment exists. While multiple examples of repeated resection of the 

SMA are found in the literature1, 4, 11, 12, development of recurrent SMA syndrome, as well 

as its subsequent recovery, has not been described. This report presents the clinical 

characteristics of a series of patients with gliomas involving the SMA who demonstrated 

recurrent SMA syndrome following repeat resection.

Clinical Materials and Methods

Patient Selection

We retrospectively reviewed all patients undergoing repeat craniotomy for tumor resection 

with glial neoplasms involving SMA cortex. In this retrospective review, there were 15 

patients with redo craniotomy for gliomas involving the SFG. We defined SMA syndrome 

as a new postoperative hemiparesis or severe motor speech hesitancy that completely or 

nearly-completely resolved within six months. Patients were excluded if an alternate cause 

for their neurologic deficit was apparent (seizure, infarct, damage to primary motor or 

language cortex).

Imaging Assessment

Magnetic resonance imaging to include T1, T2, FLAIR and DWI sequences with and 

without contrast were obtained pre- and postoperatively and reviewed by a board-certified 

neuroradiologist. Primary motor cortex was identified on MR imaging using the method 
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described by Berger et al.13 and each tumor was localized to the medial superior frontal 

gyrus (SFG) anterior to primary motor cortex.

Electrophysiologic Assessment

All patients underwent electrophysiological monitoring to confirm the location of primary 

motor cortex at the time of surgery. Median nerve somatosensory evoked potentials (SSEPs) 

were used to localize the central sulcus and in turn somatosensory cortex and motor cortex. 

Primary motor cortex localization was confirmed using bipolar stimulation to elicit motor 

responses. During resection, bipolar stimulation was performed intermittently to identify 

crucial descending motor fibers. Cortical stimulation mapping was likewise performed to 

identify eloquent language cortex (i.e. Broca’s area and Wernicke’s area) in those patients 

where resection would put postoperative language function at risk.

Results

In our series, six patients developed SMA syndrome after both initial and repeated tumor 

resection. No patients who had SMA syndrome after initial resection did not develop 

recurrent SMA syndrome upon redo craniotomy. Initial clinical presentation consisted of 

seizure in all patients. Initial pathology from first resection was oligodendroglioma in 2 

patients, mixed oligoastrocytoma in 2 patients, astrocytoma in one patient, and glioblastoma 

in one patient. (Table 1) A gross total resection was obtained in four (67%) patients; 

involvement of eloquent cortex limited resection in the other two. Postoperative transient 

neurologic deficit consistent with SMA syndrome was demonstrated in all patients when the 

resection boundaries encompassed the tumor involving the SFG (Table 1). Symptoms 

generally demonstrated improvement by post-operative day 4 with a median duration of 2.5 

weeks.

Tumor recurrence was identified via surveillance MRI in four (67%) patients, increased 

seizure frequency in one patient and increased headaches in one patient. Two patients had 

persistent neurologic deficit after initial craniotomy. During repeat craniotomy, subtotal 

resection was performed in four (67%) patients given tumor involvement in eloquent cortex. 

Again, all patients demonstrated post-operative neurologic deficit consistent with SMA 

syndrome with a median duration of 2 weeks (Table 2). One patient who had developed only 

a motor SMA syndrome after her first resection experienced both motor and speech 

involvement after her repeat craniotomy. The two patients who had previously developed 

SMA syndrome with motor and speech symptoms again experienced both after redo 

resection. Further details of three representative cases are presented below.

Case Illustrations

Case 1—A 32 year-old right-handed woman presented with her first seizure and was found 

to have an abnormality in the medial left SFG on MR imaging. The abnormality was 

hyperintense on T2 and FLAIR and was non-enhancing. It measured 2.7 × 2.0 × 2.6 cm. She 

underwent craniotomy with motor mapping for a gross total resection (Figure 1A). 

Postoperatively, the patient had a dense right hemiparesis with partial improvement after 2 

weeks and complete resolution 6 weeks after surgery. Pathology was consistent 
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oligodendroglioma (II) and the patient underwent subsequent fractionated radiotherapy for a 

total of 6120 cGy.

Four years after her initial surgery she began to complain of increasing headaches. MRI 

imaging revealed two areas of focal enhancement concerning for tumor recurrence and 

malignant transformation (Figure 1B). Repeat craniotomy with motor mapping was 

performed with a subtotal resection secondary to tumor involvement in primary motor 

cortex (Figure 1C). Final pathology was treated glioma with multiple mitoses and increased 

anaplasia consistent with malignant transformation. Postoperatively, the patient again 

experienced dense right hemiparesis as well as mild dysarthria. On postoperative day 14 the 

patient’s symptoms had resolved to mild weakness of dorsiflexion and plantarflexion on the 

right side. She underwent treatment with temozolamide post-operatively but had continued 

progression that was resistant to BCNU, carboplatin and bevicizumab and she succumbed to 

her disease 6 years after her original diagnosis and 12 months after her repeat surgery.

Case 2—A 48-year-old right-handed man presented after surveillance scanning 

demonstrated a recurrence of a previously resected left frontal gemistocytic astrocytoma (II) 

at an outside institution. Notably his initial symptom before his first resection was seizure 

and he had not experienced a SMA syndrome after this initial resection as the tumor was 

chiefly in the middle frontal gyrus. He did not receive any post-operative adjunct therapy. 

His recurrence, however, clearly extended into the SFG (Figure 2A). Thus, at our institution 

he underwent craniotomy with cortical and subcortical motor mapping resulting in gross 

total resection (Figure 2B). There was residual supplementary motor cortex (SMC) tissue 

present after the initial resection (Figure 2B). The patient developed post-operative SMA 

syndrome consisting of right hemiparesis and mutism. On post-operative day 14 his right 

hemiparesis had resolved completely and he had only mild speech hesitancy. The patient’s 

symptoms resolved completely on 6 week post-operative follow-up. Interestingly despite the 

initial pathology revealing a gemistocytic astrocytoma, the final pathology after this 

resection was an oligodendroglioma (II). He was treated with adjunctive external beam 

radiotherapy at an outside institution.

He subsequently developed enhancing recurrence and was given temozolamide by his 

neuro-oncologist. He follow up scans after chemotherapy continued to demonstrate growth 

in the enhancing portion of the lesions, with the largest being a 2.3 × 1.6 × 2.3 cm enhancing 

mass in the left superior and middle frontal gyri extending back into motor cortex (Figure 

2C). Thus 7 years later he again underwent a second repeat craniotomy with cortical and 

subcortical motor mapping for near total resection (Figure 2D) and again had an SMA 

syndrome classified by right hemiparesis and significant speech delay. These deficits 

resolved after 2 weeks. Pathology after this resection was treated glioma with high mitotic 

activity, endothelial proliferation and multifocal necrosis consistent with malignant 

transformation. He underwent 5400 cGy intensity-modulated radiotherapy and 12 cycles of 

temozolamide. His tumor progressed and he was started on bevicizumab, irinotecan, and 

later carboplatin. This was unsuccessful as was a rechallenge with bevicizumab with the 

addition of tamoxifen. He was transitioned to hospice 18 years after initial diagnosis and 

nearly 22 months after his last surgery.
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Case 3—A 32-year-old right-handed woman initially presented with seizure and was found 

on MRI to have a left frontal lesion. She underwent stereotactic biopsy with pathology 

demonstrating fibrillary astrocytoma (II) for which she underwent radiotherapy at an outside 

institution.

Eight years later, she presented to our institution with radiographic tumor progression. She 

underwent awake craniotomy with motor and language mapping with gross total resection of 

the enhancing component of the tumor (Figure 3A). There was residual tissue noted in the 

SMC postoperatively (Figure 3B). Postoperatively, the patient had right hemiparesis and 

mutism. Her hemiparesis had improved significantly by two weeks and had resolved 

completely three weeks following surgery. Her mutism had improved to mild speech 

hesitancy after 3 weeks and nearly resolved completely after 8 weeks. Pathology was 

anaplastic oligodendroglioma (III) vs secondary glioblastoma (IV) and received adjunct 

temozolamide.

Surveillance MRI 15 months post-op showed tumor recurrence in the previous resection 

cavity (Figure 3B) and she underwent craniotomy with motor mapping for gross total 

resection of the enhancing portion of the tumor (Figure 3C). She had severe right 

hemiparesis more pronounced in the upper extremity as well as mutism immediately after 

surgery. Her hemiparesis had improved significantly by 2 weeks post-op and resolved by 5 

weeks. She additionally had severe speech difficulty post-op with near-total improvement 8 

weeks after surgery with some mild residual word-finding difficulty Pathology was 

anaplastic oligodendroglioma (III) versus secondary glioblastoma (IV). She had tumor 

recurrence 10 months after surgery and was started on carboplatin and bevacizumab; this 

was unfortunately complicated by delayed breakdown of her craniotomy incision. She 

succumbed to her disease 12 months after her last surgery and 11 years after initial 

diagnosis.

Discussion

Supplementary motor area (SMA) is an anatomically well-defined area of the dorsomedial 

frontal lobe (Brodmann’s area 6c) that plays an important role in generating complex 

voluntary motor and speech behaviors14, 15. The SMA itself comprises approximately 10% 

of all corticospinal neurons16 and has afferent input from neurons in the globus pallidus 

internus (GPi) via the thalamus, cerebellum and primary motor cortex and efferent output to 

the striatum17 and primary motor cortex. This neuronal feedback loop modulates motor 

activity via the basal ganglia14.

Evidence from electrophysiological and functional neuroimaging studies supports the SMA 

playing a critical and complex role in initiating and modulating voluntary movements14. 

Direct electrical stimulation of the SMA has been performed in both non-human 

primates18, 19 and humans20–22; stimulation in non-human primates results in movements of 

the head, trunk, hindlimb, forelimb, and orofacial musculatures with greater complexity and 

involvement of more muscle groups when compared to those seen after stimulation of 

primary motor cortex18, 19. Similarly, stimulation in humans results in generation of 

complex motor behavior, such as changes in posture or vocalization 20–22. Stimulation and 
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lesioning studies support somatotopic organization of the SMA in humans with the posterior 

SMA correlating to the lower extremities and the anterior SMA correlating to the face22. 

Additionally, electroencephalography targeting the SMA demonstrates an increasing 

negative potential just prior to movement onset23; similar changes in neuronal population 

electrical activity were seen on ECoG recording of mesial SFG in human subjects24. These 

electrophysiologic studies are correlated with recent evidence demonstrating fMRI signal in 

SMA immediately prior to activation of primary motor cortex25.

Damage to the SMA results in a characteristic syndrome of transient neurologic deficit 

primarily manifested as contralateral hemiparesis or hemiplegia with or without a speech 

deficit (dependent on the involvement of the dominant SMA) 2, 5. Our series adds further 

support for this phenomenon and demonstrates the possibility of recurrent SMA syndrome 

after repeated tumor resection. The neurologic deficits associated with SMA syndrome in 

our patients were always transient and typically showed total or near-total improvement 

within weeks, corresponding the timing of recovery in the literature4. In our patients, the 

time course of recovery did not seem to be significantly different between initial and 

recurrent SMA syndrome.

Despite the stereotyped clinical presentation, the underlying pathophysiology of the SMA 

syndrome and the mechanism of its characteristic reversal remains unclear. One proposed 

mechanism is that surgical trauma, namely retraction, resection, or post-operative cerebral 

edema, results in transient dysfunction of primary motor cortex, supplementary motor 

cortex, and in some cases eloquent language cortex. However, this explanation seems unable 

to adequately explain the SMA syndrome. If these symptoms are solely due to post-

operative irritation and edema than they would be expected to resolve faster, as has been 

described for improvement of motor deficits secondary to edema involving primary motor 

cortex after surgery 2. Notably, recovery of the motor and speech deficits seen in SMA 

syndrome follow a similar time course, despite the location of motor and speech function 

being remote from both each other and the site of cortical resection as identified during 

intra-operative electrophysiologic monitoring4. This suggests that SMA syndrome results 

from direct resection of the functional cortex in the SMA itself, as supported by anatomical 

and functional MRI correlating resection of medial SFG and development of the SMA 

syndrome10.

If the development of SMA syndrome is secondary to functional interruption of 

supplementary motor cortex during surgery, then recovery is likely primarily driven by 

reorganization of the SMA. The bilateral organization and representation of the SMA is 

thought to account for the reversibility of the SMA syndrome by some1, and indeed the 

majority of literature investigating functional cortical reorganization describes it as 

occurring in the homologous functional region on the contralateral side26–29. The 

observation that repeated resection of the SMA results in recurrent SMA syndrome would 

suggest that the SMA reorganizes ipsilaterally around the resected SMA. Since the patients 

described in this manuscript had partial SMA resection (as opposed to complete), it is 

possible that ipsilateral reorganization was facilitated by the remaining SMA cortex. 

Ipsilateral reorganization of motor cortex and recruitment of surrounding non-lesioned 

cortex is not an unknown phenomenon, having been reported following focal ischemic 
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injuries with associated functional improvement30, 31 In patients who undergo complete 

SMA resection (e.g. for epilepsy), it is possible that a different reorganization mechanism is 

involved, perhaps involving the contralateral SMA.

Our study is limited by size and additional patients would allow us to examine recurrent 

SMA syndrome in greater detail. Pre- and post-operative functional MRI would provide 

important information regarding the functional recovery after SMA syndrome and also help 

elucidate specific areas as centers for reorganization.

Conclusions

This case series demonstrates that SMA syndrome can recur after repeated resection of 

tumors in the SMA region. In patients with residual SMA cortex after tumor resection, the 

SMA can reorganize ipsilaterally around the resected SMA as seen in the patients presented 

in this manuscript. It is uncertain if a similar mechanism is present in patients who undergo 

complete resection of the SMA. Neurosurgeons should be aware of the risk for recurrent 

SMA syndrome when counseling patients about surgery.
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Figure 1. 
Post-contrast T1-weighted (left panel) and T2-weighted (right panel) MR images for Case 1: 

A) MR imaging following first operation, B) MR imaging prior to second operation 

demonstrating tumor recurrence, C) Postoperative MR imaging showing subtotal resection.
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Figure 2. 
Post-contrast T1-weighted (top panel) and T2-weighted (bottom panel) MR images for Case 

2: A) MR imaging prior to second operation (first operation at our institution) showing 

tumor recurrence, B) Postoperative MR imaging showing gross total resection after second 

operation, C) MR images demonstrating tumor recurrence in the left superior and middle 

frontal gyri, D) Postoperative MR imaging demonstrating subtotal tumor resection.
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Figure 3. 
Post-contrast T1-weighted (left panel) and T2-weighted (right panel) MR images for Case 3: 

A) Postoperative MR imaging from initial craniotomy for resection, B) Surveillance MR 

imaging showing tumor recurrence, C) Postoperative MR images from second resection 

demonstrating gross total resection.
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