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Abstract: Background and Objectives: Supplementary motor area (SMA) syndrome is a common post-
operation complication in intra-axial brain tumors, such as glioma. Direct damage to parenchyma
or scarification of the major vessels during an operation are the main causes. However, it is rarely
reported as a postoperative complication in extra-axial tumors. Materials and Methods: We reviewed
11 reported cases of supplementary motor area syndrome after removal of extra-axial meningiomas
in the English literature from the PubMed database. We also added our case, which presented as an
unusual huge meningioma, to analyze the clinical parameters and outcomes of these 12 reported
cases. Results: Recovery time of supplementary motor area syndrome in extra-axial tumors could
be within 1–7 weeks, shorter than intra-axial tumors (2–9 weeks). Epilepsy and progressive limb
weakness are the most common presentations in 50% of cases. Different degrees of postoperative
muscle power deterioration were noted in the first 48 h (from 0–4). Lower limbs (66.6%, 8/12) were
slightly predominant compared to upper limbs (58.3%, 7/12). Mutism aphasia was also observed
in 41.6% (5/12, including our case), and occurred in tumors which were involved in the dominant
side; this recovered faster than limb weakness. Discussion and Conclusions: Our work indicated that
SMA syndrome could occur in extra-axial brain tumors presenting as mutism aphasia and limb
weakness without any direct brain parenchyma damage. In our analysis, we found that recovery
time of postoperative motor function deficit could be within 1–7 weeks. Our study also provides a
further insight of SMA syndrome in extra-axial brain tumors.

Keywords: supplementary motor area syndrome; extra-axial tumor; parasagittal meningioma;
mutism aphasia; epilepsy

1. Introduction

Parasagittal meningioma is viewed as an extra-axial brain tumor, defined by the
filling of the parasagittal angle, and usually involving the superior sagittal sinus (SSS).
Clinical symptoms/signs present as seizure, headache, hemiparesis, personality change and
behavior disturbance, depending on the relationship between tumor location and involved
function area. Surgical resection is the standard treatment. Common post-operation
complications are various, including wound breakdown/infection, cerebrospinal fluid
leak/hydrocephalus, hematoma, venous infarct/cerebral edema and air embolism [1,2].
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However, supplementary motor area syndrome (SMA syndrome) is rarely reported as a
post-operation complication of parasagittal meningioma in the English literature.

SMA syndrome is widely reported in the resection of intra-axial tumors in SMA
parenchyma, such as low-grade glioma [3]. SMA syndrome presents as rapid deterioration
of the motor function after operation. Direct damage or destruction of the SMA parenchyma
could be the cause, and a longer recovery time (2–9 weeks) has been reported [4–9]. How-
ever, SMA syndrome is rarely reported as a post-operation complication in extra-axial
tumors due to no direct SMA parenchyma damage. To best of our knowledge, only 11 cases
have been reported in the English literature [4–8].

Herein, we reported a case of a 55-year-old, right-handed male patient with an unusual
huge parasagittal meningioma. Rapidly developing post-operation SMA syndrome was
noted. Furthermore, we analyse and discuss these 12 cases, including our case, to comprise
a small series of post-operation SMA syndrome after removal of extra-axial brain tumors.

2. Materials and Methods
2.1. Our Case Description

Our case was a 55-year-old, right-handed male patient with tonic-clonic jerk and
consciousness loss as initial clinical presentations. Neurological examination showed
gross normal finding, except for muscle power of 4+ over bilateral upper limbs. Brain
computed tomography (CT) with reconstruction image was performed (Figure 1A,B).
Then, brain magnetic resonance imaging (MRI) revealed a huge extra-axial tumor in-
volved scalp and bilateral frontal bone with encasement of the superior sagittal sinus (SSS)
(Figure 2A,B). Parasagittal meningioma was initially diagnosed under complete image
study. Pre-operative angiography also showed no evidence of blood flow in the SSS within
the lesion, meaning total occlusion of the SSS. Moreover, collateral vessels were also noted.
Bilateral extended craniectomy and tumor removal were performed. During operation,
an infiltrative tumor mass, which penetrated out of the skull bone and invaded into the
underlying scalp tissue layer, was found. The tumor was easily bleeding and it contained
many relative firm and elastic fibrous bands. Piecemeal removal of the tumor was per-
formed. Although the tumor was severely adherent to the brain parenchyma, the pial
surface was grossly intact on both sides of the hemisphere at the end of surgery. Moreover,
major collateral veins were well preserved. The SSS was ligated and removed due to total
occlusion of the SSS. After the tumor was totally removed, involved dura was resected
and artificial material dura was water-tight sutured back in order to seal off the dura
layer. A drainage tube was inserted in both the epidural and the subgaleal layer. The total
operation time was 6 h. Simpson grade II was performed. While the patient returned to
clear consciousness, extubation was performed in the intensive care unit after operation.

However, muscle powers of bilateral lower limbs progressed to downhill from grade 4
to 0, and the muscle power of the left upper limb was also progressed to 2 within 24 h after
operation. Muscle tone was still preserved. Emergency brain CT demonstrated no hem-
orrhage, but mild edematous change of right vertex frontal-parietal lobe (Figure 3). Then,
brain MRI was performed due to several episodes of intermittent seizure and poor recovery
of muscle power post-operation. Brain MRI with T1 contrast revealed gross total removal of
the meningioma without hematoma or obvious residual tumor to compress the surface of
the brain parenchyma (Figure 4A,B). In addition, brain MRI with diffusion-weighted image
(DWI) and apparent diffusion coefficient (ADC) revealed no obvious cortical damage in
the SMA territory, nerve tract injury or acute infarction were found (Figure 5A,B). Mutism
was also noted 2 days after the operation. Due to clinical presentations and image findings,
postoperative SMA syndrome was diagnosed. Steroids and mannitol were used for mild
brain edematous change. Prophylactic antibiotics were also used. Unfortunately, severe
septic shock developed due to incidental diagnosis of diabetes mellitus without sufficient
control before the operation. Third-line antibiotics and inotropic agents were used. Vital
signs and general condition returned to stable. However, incidental epidural hematoma
(EDH) occurred after the removal of the drainage tube on the tenth day post-operation.
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Due to the progressive poor consciousness level, emergency EDH removal was performed,
and the patient’s consciousness recovered after EDH removal. However, weakness in four
limbs and mutism aphasia were still noted.
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Figure 5. Follow-up brain MRI with diffusion tensor imaging(DTI). (A) brain MRI with diffusion-
weighted image (DWI) revealed no tract injury or parenchyma damage. (B) brain MRI with apparent
diffusion coefficient (ADC) revealed no acute infarction.

After EDH removal, general condition and consciousness level returned to a stable
status, but the muscle power of limbs and mutism aphasia still showed no improvement
in the intensive care unit. A rehabilitation program was recommended. Two weeks
after the tumor removal and rehabilitation, mutism aphasia was resolved to normal level.
Seven weeks after tumor removal and rehabilitation, muscle power of the left upper limb
improved from grade 1 to 5, and muscle power of both lower limbs returned from grade 1
to 4. Final pathology report illustrated meningioma, WHO grade I, which involved not
only the meninx, but also the scalp and skull.

2.2. Literature Review and Case Analysis

We used SMA syndrome and falx/parasagittal meningioma as keywords for an En-
glish literature search in PubMed. Including our case, only 12 cases of the development of
SMA syndrome after falx/parasagittal meningioma resection have been reported in the
literature (Table 1). Inclusion criteria were SMA syndrome and parasagittal meningioma.
Exclusion criteria were children and non-English literature.
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Table 1. Twelve cases of SMA syndrome in extra-axial tumors.

Reference Age/Sex Preoperative
Symptoms

Tumor Size
(mm)

Tumor
Location

Sagittal
Sinus

Simpson
Grade

Pathology
Grade

Postoperative Muscle
Tone

Speech Follow-Up
Motor Function

Heiferman et al.,
2014 [4]

42/F Headache, 70 bilateral occluded II II 4/5 upper limbs N/A Global
aphasia

Start to move after
16 days

mild weakness 2/5 lower limbs

53/F Seizure 65 bilateral occluded II I 0/5 upper limbs N/A Aphasia Start to move 15 days
0/5 lower limbs

Satter et al.,
2017 [5] N/A N/A N/A right N/A N/A N/A N/A N/A N/A Relatively slow process

Nigro and Delfini,
2018 [6] N/A N/A N/A left N/A N/A N/A N/A N/A Dysphasia N/A

Berg-Johnsen and
Høgestøl, 2018 [7]

49/F
Headache,

dizziness, reduced
memory

40 bilateral occluded I II 2/5 left foot
and ankle Preserved Normal Recovery after

3–6 months

49/M Epileptic seizures,
palpable bump 50 left occluded II II 2/5 right leg Preserved Speech

arrest
Aphasia recovery after a

few days

70/M Epileptic seizure,
mental changes 68 right ingrowth II I 3/5 left arm

and leg Preserved Normal Complete recovery of
function

77/M Epileptic seizure,
mental changes 64 left open I II 3/5 right arm

and leg Preserved Speech
arrest

Aphasia recovery after a
few days

68/M Epileptic seizure,
mental changes 31 right open II I 4/5 left arm

and leg Preserved Normal Complete recovery of
function

Martinez-Perez
et al., 2020 [8]

48/F N/A N/A left N/A II N/A 2/5 right arm N/A Global
aphasia

Aphasia recovery after
6 days; muscle power
recovery after 15 days

49/F N/A n/A right N/A II NA 1/5 left body N/A N/A Within 10 days recovery

Tsai et al., 2021 55/M Seizure, loss of
consciousness 91 bilateral occluded II I

2/5 left arm and
left leg 0/5

right leg
Preserved Aphasia

Aphasia recovery within
7 days; muscle power

recovery within 7 weeks
F, female; M, male; N/A, not available.
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3. Results
Literature Review and Case Analysis

In analysis of these 12 reported cases, initial presentations of SMA were diverse,
and dependent on the location, size and their relationship with the SSS. Epilepsy and
progressive limb weakness were the most common presentations in 50% of cases (6/12,
including our case). All 12 cases developed SMA syndrome immediately after operation.
Different levels of postoperative muscle power deterioration was noted in the first 48 h,
from 0–4. Lower limbs (66.6%, 8/12) were slightly more involved than upper limbs (58.3%,
7/12). Mutism aphasia was observed in 41.6% of cases (5/12, including our case), with
tumors involving the left dominant hemisphere or the bilateral hemisphere. Muscle tone
was preserved in all cases. Either brain CT and MRI were arranged after the surgery to rule
out venous infarction or hemorrhage events on the brain. Mutism and muscle power could
resolve to a normal level from several days to 7 weeks (our cases), and mutism aphasia
often took priority. The recovery time of SMA syndrome in extra-axial tumors could be
within 1–7 weeks.

4. Discussion

The supplementary motor area (SMA), namely the frontomesial area, localized in the
posterior part of the superior frontal gyrus (Brodmann area 6), contributes to voluntary
motor actions that demands the retrieval of motor memory and is critical to temporal
sequences of actions. The SMA links not only to the primary motor cortex, but also the
premotor cortex and cingulate cortex connect with the superior parietal lobe, insula, basal
ganglia, thalamus, cerebellum and especially with the contralateral SMA through the
corpus callosum [10]. It is due to the complex connection to both cortical and subcortical
structures that means that damage to the area usually results in neurological deficit. An
operation which involves the SMA may be followed by transient contralateral weakness
and mutism aphasia. This complication was termed as SMA syndrome, and initially was
difficult to distinguish from sequelae from injury to the primary motor cortex. Compared
to damage to the primary motor cortex, SMA syndrome usually preserves muscle tone and
can recover in days to weeks. SMA syndrome was widely reported in intra-axial tumor
resection, such as glioma. The rate was approximately 11–100%. However, SMA syndrome
was rare reported in extra-axial tumor removal in the English literature due to not being
directly involved in the brain parenchyma.

The mechanism of developing SMA syndrome after the intervention of an extra-axial
tumor is still unclear. Several hypotheses have been proposed, and include local oedema,
the use of retractors, microvascular damage, and resection of healthy parenchyma [8].
According to our results, microvascular damage could be the most possible reason. Several
articles suggested maintaining dissection within the arachnoid plain, operating with a hang-
ing head, and using a navigation system during the surgery to prevent SMA syndrome [11].
Multidisciplinary treatment strategies are mandatory for post-operative treatment. Med-
ical treatment, such as steroid and osmotic agents, were recommended to resolve brain
edematous change. Craniectomy is also an essential option for refractory intracranial
hypertension. Moreover, a rehabilitation program of directly stimulating the contralateral
SMA or indirectly stimulating the adjacent cortex of affected SMA is also an important step
for the recovery therapy.

Regarding our case and the cases of our analysis, 11 cases were parasagittal menin-
giomas and 1 case was falx meningioma (Table 1). The mean age was 59 y/o (range from
48–77 y/o), and the male/female ratio was 1:1. The mean tumor size was 59.8 mm (range
from 31 mm–91 mm). According to the previous reports, SMA syndrome recovered in
2–9 weeks after intra-axial tumor excision [12]. In our study, motor function recovered
within 1–7 weeks. The recovery period was shorter than intra-axial tumors due to no
direct involvement or damage of the SMA parenchyma. In addition, mutism aphasia was
normally resolved faster than muscle strength, and it only presented in tumors involving
the dominant hemisphere. Indeed, 41.6% (5/12) of patients had a tumor on the dominant
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hemisphere, and all of them developed mutism immediately after the surgery. Collectively,
the concept for the recovery pattern of aphasia mutism and motor function is reasonable,
and can result in sufficient recovery after intensive rehabilitation program training.

5. Conclusions

Our finding indicated that supplementary motor area syndrome could occur in an
extra-axial brain tumor, presenting as mutism aphasia and motor deficit without any
direct brain parenchyma damage or collateral circulation. In addition, recovery time of
postoperative motor function deficit could be within 1–7 weeks. Our study also provides a
further understanding of SMA syndrome with extra-axial brain tumors.

Author Contributions: Conceived and designed the study: C.-Y.T. Performed the study and analyzed
the data: C.-Y.T., Y.-F.S., Y.-H.C., Y.-L.C., H.-Y.S. and F.-J.T. Contributed materials/analysis tools:
C.-C.T. and H.-J.K. Wrote the paper: C.-C.T. and C.-Y.T. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was partially supported by MOST grant 111-2314-B-037-095-MY2 to C.-Y.T.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of KMUH. Approval Code: KMUH-IRB-
32616, Approval Date: 24 June 2022.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not application.

Acknowledgments: All the data are available from the corresponding author and all authors upon
reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Magill, S.T.; Theodosopoulos, P.V.; McDermott, M.W. Resection of falx and parasagittal meningioma: Complication avoidance.

J. Neurooncol. 2016, 130, 253–262. [CrossRef] [PubMed]
2. Sughrue, M.E.; Rutkowski, M.J.; Shangari, G.; Parsa, A.T.; Berger, M.S.; McDermott, M.W. Results with judicious modern

neurosurgical management of parasagittal and falcine meningiomas: Clinical article. J. Neurosurg. 2011, 114, 731–737. [CrossRef]
[PubMed]

3. Duffau, H.; Capelle, L. Preferential brain locations of low-grade gliomas. Cancer 2004, 100, 2622–2626. [CrossRef] [PubMed]
4. Heiferman, D.M.; Ackerman, P.D.; Hayward, D.M.; Primeau, M.J.; Anderson, D.E.; Prabhu, V.C. Bilateral supplementary motor

area syndrome causing akinetic mutism following parasagittal meningioma resection. Neurosci. Discov. 2014, 2, 7. [CrossRef]
5. Satter, A.R.; Asif, D.S.; Zannat, S.; Gaddam, S.K. Post-operative Supplementary Motor Area Syndrome: A Case Report. My-

mensingh Med. J. 2017, 26, 451–454.
6. Nigro, L.; Delfini, R. Considerations regarding supplementary motor area syndrome after surgery for parasagittal meningiomas.

Acta Neurochir. 2018, 160, 1555–1556. [CrossRef] [PubMed]
7. Berg-Johnsen, J.; Høgestøl, E.A. Supplementary motor area syndrome after surgery for parasagittal meningiomas. Acta Neurochir.

2018, 160, 583–587. [CrossRef] [PubMed]
8. Martínez-Pérez, R.; Vergara, C.; Rayo, N.; Mura, J. Recurrent supplementary motor area syndrome in relapsed parasagittal

meningiomas: From the onset to the origin. Neurologia 2020, 35, 606–608. [CrossRef] [PubMed]
9. Guarracino, I.; Ius, T.; Skrap, M.; Tomasino, B. Meningioma can lead to pre-operative cognitive alterations even if localized in

sensorimotor areas: A multimodal MRI-neuropsychological study in a series of 46 patients. Neuropsychologia 2020, 137, 107288.
[CrossRef] [PubMed]

10. Potgieser, A.R.E.; de Jong, B.M.; Wagemakers, M.; Hoving, E.W.; Groen, R.J.M. Insights from the supplementary motor area
syndrome in balancing movement initiation and inhibition. Front. Hum. Neurosci. 2014, 8, 960. [CrossRef] [PubMed]

11. Samuel, N.; Hanak, B.; Ku, J.; Moghaddamjou, A.; Mathieu, F.; Moharir, M.; Taylor, M.D. Postoperative isolated lower extremity
supplementary motor area syndrome: Case report and review of the literature. Childs Nerv. Syst. 2020, 36, 189–195. [CrossRef]
[PubMed]

12. Nakajima, R.; Kinoshita, M.; Yahata, T.; Nakada, M. Recovery time from supplementary motor area syndrome: Relationship to
postoperative day 7 paralysis and damage of the cingulum. J. Neurosurg. 2019, 132, 865–874. [CrossRef] [PubMed]

http://doi.org/10.1007/s11060-016-2283-x
http://www.ncbi.nlm.nih.gov/pubmed/27778211
http://doi.org/10.3171/2010.9.JNS10646
http://www.ncbi.nlm.nih.gov/pubmed/20950085
http://doi.org/10.1002/cncr.20297
http://www.ncbi.nlm.nih.gov/pubmed/15197805
http://doi.org/10.7243/2052-6946-2-7
http://doi.org/10.1007/s00701-018-3604-y
http://www.ncbi.nlm.nih.gov/pubmed/29934839
http://doi.org/10.1007/s00701-018-3474-3
http://www.ncbi.nlm.nih.gov/pubmed/29362933
http://doi.org/10.1016/j.nrl.2019.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31780324
http://doi.org/10.1016/j.neuropsychologia.2019.107288
http://www.ncbi.nlm.nih.gov/pubmed/31790726
http://doi.org/10.3389/fnhum.2014.00960
http://www.ncbi.nlm.nih.gov/pubmed/25506324
http://doi.org/10.1007/s00381-019-04362-2
http://www.ncbi.nlm.nih.gov/pubmed/31705188
http://doi.org/10.3171/2018.10.JNS182391
http://www.ncbi.nlm.nih.gov/pubmed/30738403

	Introduction 
	Materials and Methods 
	Our Case Description 
	Literature Review and Case Analysis 

	Results 
	Discussion 
	Conclusions 
	References

