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Abstract
Background: The postoperative supplementary motor area (SMA) syndrome may complicate unilateral surgery involv-
ing the SMA cortex and manifests as contralateral or global akinesia, mutism, or speech deficit, with complete or major 
recovery in weeks to months. 
Case series: We observed retrospectively nine patients (median age 47 years, range 27-60, five female) who underwent 
surgery for left premotor area tumors (six intra-axial and three extra-axial). Volumetric microsurgical resection was 
performed with neuro-navigational assistance (Vector Vision-BrainLab™ or SonoWand Invite™). We achieved gross or 
near gross total resection in all cases. The patients were followed clinically for one year, with control computed tomog-
raphy scan within 24-48 hours from the operation and control magnetic resonance imaging three months and one year 
postoperatively. 
Five patients had only akinesia of the contralateral limbs, two had akinesia and mutism, and the remaining two had mut-
ism only. All recovered within three months. The severity and duration were related to the location of resection rather 
than the volume removed. Cortical excision closer to the premotor area was related to more prominent SMA syndrome, 
while the cingular gyrus’ involvement related to mutism. 
Conclusion: Prevention of SMA syndrome is not always possible in resective surgery. Given its favorable prognosis, 
it should be well known to the health professionals of different specialties engaged in such patients’ postoperative care. The 
possibility of SMA should be preoperatively discussed with the patients and caregivers. HIPPOKRATIA 2020, 24(1): 38-42.
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Introduction
The supplementary motor area (SMA) syndrome is a 

specific neurosurgical syndrome that develops after uni-
lateral resection of the supplementary motor area cortex, 
usually after tumor or epilepsy surgery on the premotor 
area of the dominant (left) hemisphere. It manifests as 
the complex of i) global or contralateral limbs akinesia, 
with normo- or hypo-reflexia and spared muscle tone, 
ii) speech deficits (amounting to mutism), and iii) facial 
paresis (not an obligatory finding)1-4. SMA syndrome’s 
striking feature is the reversible nature of the neurologi-
cal deficit, which often clears completely over days to 
weeks1,2,5. A deficit in alternating movements may persist 
as a long-term sequel2,3. Delayed onset of SMA syndrome 
was observed after awake surgery, up to an hour postop-
eratively6. Under general anesthesia, this delay is obvi-
ously “masked”. The frequency of the SMA syndrome 
ranges from 26 % to 100 % of patients with complete or 
partial SMA cortex removal2-4

. 
The pathophysiology of SMA syndrome is unclear7. 

Effects of brain retraction, peritumoral edema, associ-
ated vascular lesions, variants in hemispheric dominance 
have all been considered2,5,8

.
 Recently, a dysfunction of 

the dentato-thalamo-cortical pathway with diaschisis of 
frontal executive areas from the effector pathways was 
hypothesized7

.
  The preservation of the “crossed frontal 

aslant tract” may relate to speech recovery This relative-
ly recently described tract consists of non-homologous 
transcallosal fibers that connect the premotor area to the 
contralateral premotor and SMA areas. They include pro-
jections from the frontal aslant tract, which is involved 
in speech9

.
 The observations of repeated SMA syndrome 

after reoperations support recovery on behalf of ipsilat-
eral adjacent cortical areas10. However, the activation of 
transcallosal connections to contralateral SMA and other 
superordinal areas during the resolution of SMA syn-
drome is also documented by fMRI and tractography11,12

.
 Our objective is to present our experience with the post-
surgical SMA syndrome and attract attention to this entity 
with a specific presentation and benign prognosis.
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Case series
According to local regulations, the institutional re-

view board (IRB) voided the need for ethics approval or 
informed consent for this retrospective case-series study, 
as the patients are fully anonymized and have received 
the standard care according to the institution guidelines. 
Nine patients with tumors engaging the premotor area of 
the left frontal hemisphere were operated on by the lead-
ing author over the period from 2010 to 2018, in the set-
ting of two tertiary care centers. All patients were clini-
cally defined as right-handed. Five of them were male 
and four female, with a median age of 47 years, range 
27-60 years. Six patients harbored intra-axial and three 
extra-axial masses. The most common clinical presenta-
tion was that of focal motor seizures (five cases); three 
patients developed right-sided central hemiparesis, and 
one manifested with psycho-organic (frontal apathy-
abulia) syndrome. The diagnosis was confirmed by con-
trast-enhanced magnetic resonance imaging (MRI). In all 
patients, we found tumor infiltration of the SMA cortex 
and gyrus cinguli involvement in three. Detailed neurol-
ogy assessment preoperatively and immediately postop-
eratively (after waking the patient), then periodically as 
needed for at least one year, was performed with empha-
sis on the motor power, skills, and speech and language 
functions. A summary of the patients’ demographic and 
clinical data is available in Table 1. 

Tumor excision was performed under general an-
esthesia, never using awake craniotomy. To define the 
SMA, we used the following morphologic criteria: the 
posterior border being the sulcus precentralis, the anterior 
border a transversal line at the level of the anterior part 
of the corpus callosum, the lower border in the medial 
plane, sulcus cinguli, the lateral border, in the field of gy-
rus frontalis superior without definite microsurgical bor-
der laterally. Volumetric microsurgical resection was per-
formed using neuro-navigational systems: VectorVision-
Brain LabTM (Munich, Germany) in three patients and ul-
trasound-guided system SonoWand InviteTM (Trondheim, 
Norway) in six. As “volumetric resection” is defined the 
excision of the tumor under neuronavigation control, us-
ing the preoperatively calculated tumor volume based on 
neuronavigation protocol DICOM (Digital Imaging and 
Communications in Medicine) images. We pursued gross 
total tumor excision. In all cases, the bridging veins and 
the integrity of the superior sagittal sinus were spared. All 
patients received anticonvulsant prophylactics (Valproate 
20 mg/kg/24 hr or about 1,000-1,500 mg in two divided 
doses). With the onset of neurologic deficit, the patients 
received oral Dexamethasone at 12 mg daily for three 
days, tapered over ten days. Vasoactive medications were 
not used in the perioperative period. The minimal clinical 
follow-up period was one year; control computed tomog-
raphy (CT) imaging was performed 24-48 hours postop-

Table 1: Demographic and clinical features of the nine patients who underwent surgery for left premotor area tumors and 
developed postoperatively supplementary motor area syndrome.
Case

№
Sex Age Histology Preoperative 

symptoms
Location Resected 

volume 
cm3

Postoperative
symptoms

Time to
recovery

1 M 55 Meningioma II Contralat
hemiparesis 4/5 
Focal motor 
seizures

Left precentral 
gyrus

53 Rt foot central 
weakness 2/5
Contralateral
akinesia 3/5

Three months

2 F 34 Astrocytoma II Focal motor 
seizures

Left precentral 
gyrus

9.2 Contralateral 
akinesia 2/5

Two months

3 F 42 Astrocytoma II Focal motor 
seizures

Left precentral 
gyrus

17.1 Contralateral 
akinesia 3/5

Three weeks

4 M 27 Astrocytoma II Focal motor 
seizures

Left frontal lobe 23.5 Mutism One month

5 F 54 Meningioma II Contralat 
hemiparesis 4/5 

Left precentral 
gyrus

59 Contralateral 
akinesia 2/5

Two weeks

6 M 60 Astrocytoma III Contralat 
hemiparesis 4/5 

Left precentral 
gyrus 
Left frontal 
cingulate gyrus

45 Contralateral 
akinesia 3/5
Mutism

One month

7 M 47 Astrocytoma III Contralat 
hemiparesis 4/5 

Left precentral 
gyrus 
Left frontal cingu-
late gyrus

28 Contralateral 
akinesia 3/5
Mutism

Six weeks

8 F 34 Astrocytoma II Focal motor 
seizures 

Left precentral 
gyrus

14.7 Contralateral 
akinesia 4/5

One week

9 M 58 Meningioma III Psychoorganic 
syndrome
(apathia-abulia)

Left frontal lobe
Left frontal cingu-
late gyrus

54 Mutism Two months

Rt: right.
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eratively, and control MRI at three months and one year 
postoperatively. We compared the extent of resection, the 
involvement of gyrus cinguli, and the proximity to the 
sulcus (more than one cm or less than one cm) to the se-
verity of SMA syndrome, duration of recovery, and the 
pattern of involvement. By severity, the SMA syndrome 
cases were stratified according to the degree and distribu-
tion of akinesia. We used descriptive and small-sample 
alternative and correlation statistics.

Gross total or nearly gross-total tumor excision was 
achieved in all the patients and confirmed by control im-
aging. Postoperatively, seven patients developed contra-
lateral akinesia, that was severe [2/5 by the Medical Re-
search Council (MRC) scale] in two, moderate to severe 
(3/5) in four, and mild (4/5) in one (2/5: a full range of 
movement with gravity eliminated, 3/5: active movement 
against gravity, 4/5: active movement against gravity and 
resistance). The motor deficit was accompanied by nor-
mal muscle tone and reflexes, without pyramidal tract 
signs, except for one patient described below. Four pa-
tients developed speech disorder/mutism (isolated in two 
and combined with akinesia in two). The exact clinical, 
surgical, and histological characteristics of the patients 
compared to the postoperative development are shown in 
Table 1. The imaging revealed normal postoperative ap-
pearance, with no evidence of hematoma or other collec-
tions, increased edema, or ischemia.

The small patient number precludes a rigorous sta-
tistical analysis; nevertheless, we will report test results 
and some tendencies that could not be statistically tested. 
SMA syndrome tended to be more severe and last longer 

with tumors closer to the precentral area, in the hemi-
sphere’s convexital aspect, although this was not sup-
ported statistically. Illustrative are the cases of patients 1 
and 2. Patient 1 was operated for an atypical meningioma 
(WHO grade II) with areas of undefined borders and cor-
tical infiltration of the premotor cortex adjacent to the 
precentral gyrus (Figure 1). Postoperatively he developed 
contralateral moderate to severe right-sided akinesia with 
additional real pyramidal weakness 2/5 by MRC for the 
right foot only, with preserved muscle tone but hyperre-
flexia in the leg. The deficits resolved after three months. 
Patient 2 had an astrocytoma (WHO grade II) situated in 
the convexital premotor area close to the precentral area. 
During the microsurgical approach to the tumor, a small 
cortical incision was done across the medial frontal gyrus 
with an area of 1-1.5 cm2 between two cortical veins, and 
total tumor excision, assisted with 3-D ultrasound, was 
achieved (Figure 2). The patient developed a prominent 
contralateral motor deficit of 2/5 that resolved only after 
two months. 

In three patients with lesions located more anteriorly, 
farther from the precentral gyrus, the motor deficit was 
mild and resolved faster, within 1-3 weeks, with the distal 
muscle groups of the hands recovering first (cases 3, 5, 
and 8). 

In the three patients with lesions of the medial surface 
of the left hemisphere and gyrus cinguli, the SMA syn-
drome presented mostly with a speech disorder (cases 4, 
6, and 9). Speech disorder may also develop without the 
direct involvement of the cingular gyrus (case 7), but it is 
significantly more frequent with lesions of that structure 
(Fisher’s exact probability test value =0.047, p =0.041). 
It started as mutism that within days rapidly reverted to A

A

C D

C

B

B

D

Figure 1: A, B) Preoperative magnetic resonance imag-
ing (MRI) T2 images of reported patient 1, diagnosed with 
atypical meningioma WHO grade II showing border areas 
without a clear arachnoid plane with a tendency to invade 
the SMA cortex (image A, white arrows). There are also ar-
eas with a clear arachnoid plane with a distinct border, which 
had been easily dissected without affection of the cerebral 
cortex (image B, black arrows). C, D) Postoperative T1 MRI 
of patient 1, three months after the operation.

Figure 2: A, B) Preoperative images of reported patient 2, 
diagnosed with Astrocytoma WHO grade II located closely 
to precentral gyrus (image A, black arrow). A small corti-
cal window was done between two cortical veins (image B, 
white arrows). C, D) Postoperative images three months af-
ter the operation.
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partial frontal dynamic aphasia, with preserved repetition 
skills but reduced speech initiative and paraphasias/per-
severations. The speech disorder in our patients resolved 
entirely within three weeks to two months. The involve-
ment of the gyrus cinguli was not related to greater sever-
ity or duration of SMA syndrome (Fisher’s exact prob-
ability test value =0.52, p =0.40).

The resected tissue volume itself was not related to 
SMA syndrome severity and duration. The Pearson’s cor-
relation coefficient between volume and duration was r 
=0.268, p =0.485 (Figure 3). 

patients showed involvement of the contralateral limbs 
only. This feature may be due to the improved neuronavi-
gation techniques, maximally sparing the cortex. 

Our postoperative results would correspond to the 
premotor area’s somatotopic organization, with inter-
ventions in the posterior part closer than one cm to the 
precentral gyrus producing more prominent and longer-
lasting deficits; similar observations are found in other 
recently reported series15-18. 

The ideal surgical approach to minimize the risk of 
SMA syndrome would be awake craniotomy with cor-
tical stimulation4,8,15,18,19. Cortical or subcortical stimu-
lation carries some risk of intraoperative seizures20, so 
intraoperative somatosensory evoked potentials mapping 
for localization of the central sulcus was utilized in re-
sections under general anesthesia4,21. Important develop-
ments that allow for precise tailoring of the resection are 
preoperative functional MRI (fMRI), tractography, and 
neuronavigation with ultrasound guidance22,23. All these 
are not, however, available in every institution, and we 
consider an actual strength of our report the “real-life set-
ting” that is reported (volumetric resection based on the 
preoperative DICOM images but without the possibility 
of preoperative fMRI and tractography).

Transient postoperative symptoms may be due to the 
effects of retraction, edema, and arterial or venous dam-
age. In our series, the early postoperative CT did not sup-
port such possibility, in line with others that interpret the 
postoperative SMA syndrome as a deficit compensated 
due to brain plasticity and reorganization7,10-12. In our 
patients, operating in the vicinity of gyrus cinguli could 
compromise the “frontal aslant tract” that runs close in 
this area and thus cause speech disorder, as seen in two 
cases. 

SMA syndrome may also develop after non-dominant 
hemisphere surgery even after precise preoperative map-
ping22. In such cases, it usually does not include speech 
disorder3,17. We did not observe such cases, and handed-
ness was defined clinically only.

Some authors reported a positive correlation between 
the resected volume and the duration of SMA syndrome17. 
A recent study by Nakajima et al15 noted increased sever-
ity and longer recovery with larger volume resections in 
the region of gyrus cinguli.  In our patients, like in the se-
ries of Russel et al4, we could not find such a dependence. 

Most descriptions have focused on SMA after re-
moval of intra-axial tumors; one case series (five pa-
tients) focused on SMA after meningioma resection and 
commented on the rarity of such cases in literature16. Our 
series includes three meningioma grade II cases, with in-
growth to the cortex, in whom SMA syndrome developed 
and was not different from the features of SMA syndrome 
after intra-axial tumor removal.  

The duration of SMA syndrome seems longer in our 
patients than in some other series6,9,16. Such difference 
may be due to this study’s retrospective character: very 
mild cases of SMA syndrome may have gone undetected 
in the early postoperative period, while in prospective 

Figure 3: Resected volume and duration in postoperative 
SMA syndrome. In the x axis is illustrated the excised vol-
ume in cm2, and in the y axis the days to complete resolution, 
r =0.27, p =0.48.

Discussion
Our patient series confirms the main features of the 

postoperative SMA syndrome known from the earlier ob-
servations, namely its development after surgery on the 
premotor area of the dominant hemisphere, its transitory 
nature with full recovery in weeks to months, the relation 
of clinical manifestations to the topography of the resec-
tions, the possible role of gyrus cinguli and its connec-
tions in the development of speech disorder. 

The SMA was defined as an area with specific archi-
tectonics and connections by the classics of neuroanat-
omy  (Brodmann, Vogt, Kleist, and Foerster) while the 
cortical stimulation experiments of Penfield and Welch 
revealed some of its functions in initiation and control 
of movement and speech (review Nachev, Bozkurt)13,14. 
The initial description of the SMA syndrome by Laplane 
et al in 19771 corresponded to the expected deficits in 
movement and speech initiation but noted the unexpected 
features of fast reversibility with minimal or no residual 
sequelae confirmed by later series2-4. It is now established 
that the SMA has a somatotopic organization and consists 
of two separate areas; a rostral one (preSMA, F6), which 
gets projections from the prefrontal neocortex and the 
gyrus cinguli, and a caudal part (SMAproper, F3), which 
gives projections directly to the motor cortex and the spi-
nal cord13-15.

The motor deficit after surgical SMA is due to dis-
ordered initiation and performance of the contralateral 
motor actions and may start as global akinesia that rap-
idly recedes to involve the contralateral limbs only. Our 
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studies with a high level of clinical suspicion, they would 
have been diagnosed. 

The retrospective protocol, the lack of functional im-
aging, and the relatively small number of patients, are the 
main weaknesses of our study. Still, we believe it contrib-
utes to knowledge in the field. Our findings are in concert 
with the previous series, with some discrepancies easily 
explained by the small cohort size in most studies.

The possibility for the development of SMA syn-
drome and its transient nature should be discussed pre-
operatively with the patients at risk and their caregivers. 
The postoperative encounter with a mute and hemiple-
gic person who had only minor deficits before entering 
the theatre may be rather distressful; medical staff of 
all levels and specialties involved in postoperative care 
(anesthesiology, physiotherapy) should be well informed 
regarding the condition and reassure the patient and his 
relatives24. 

Conclusion
The postoperative SMA syndrome may complicate 

the pursuit of total excision of the tumor even with pre-
cise neuronavigation microsurgical approaches. This 
entity with a favorable prognosis should be well known 
to all specialists involved in such patients’ postoperative 
care. The possibility of development of the SMA syn-
drome should be preoperatively discussed with patients 
undergoing SMA area surgery.
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