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Abstract
We present clinical observation of a 3-year-old child during recovery after acute hypoxic brain injury (freshwater drowning). Using diagnostic transcranial 
magnetic stimulation and magnetic resonance tractography with reconstruction of the corticospinal tract (CST) originated from the primary motor cortex and 
supplementary motor area (SMA), we determined that hypoxic brain injury induced activation of CST from the SMA. The period of reorganization was associated 
with the development of epileptiform patterns, that confirms the transient hyperexcitability of cortical neurons. Our findings indicate no recovery of motor function 
after acute hypoxic brain injury when CST originated only from SMA.
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Аннотация
Представлено клиническое наблюдение ребёнка 3 лет в восстановительном периоде после перенесённого острого гипоксического состояния (утопление 
в пресной воде). Проведены диагностическая транскраниальная магнитная стимуляция и магнитно-резонансная трактография с реконструкцией 
кортикоспинального тракта (КСТ) от первичной моторной коры и дополнительной моторной зоны (ДМЗ). Установлено, что постгипоксическое пора-
жение мозга привело к активации КСТ от ДМЗ, а период реорганизации сопровождался возникновением эпилептиформных паттернов, подтверждаю-
щих временную гипервозбудимость кортикальных нейронов. Полученные данные свидетельствуют об отсутствии у ребёнка восстановления моторной 
функции в восстановительном периоде острого постгипоксического состояния при наличии КСТ только от ДМЗ.  
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• bulbar palsy;
• Disability Rating Scale (DRS) score, 24 points;
• Bykova–Lukyanov Scale of Communication Activity 

score, 21 points (poor rehabilitation prognosis) [4, 5].

On Day 56 from injury, we performed standard diag-
nostic TMS using the Neuro-MS Monophasic magne 
tic stimulator and the Neuro-MEP-Micro 2-channel 
myograph (Neurosoft, Ivanovo, Ivanovo Region, Rus-
sian Federation), with a 9-cm circular coil. Stimulation 
area was localized with single stimuli in F3 projection 
for the left hemisphere and in F4 projection for the right 
hemisphere on 10–20 international scheme (intensity 
≥ 50%) contralaterally to the side of motor evoked po-
tential (MEP) registration. 

The electric current in the circular coil was directed 
clockwise for the left hemisphere and counterclockwise 
for the right hemisphere. Disposable surface electrodes 
were placed on m. Аbductor pollicis brevis projection 
bilaterally in accordance with the contralateral record-
ing scheme [6]. The coil was moved by 1 cm to deter-
mine stimulation area if MEP was evoked, and motor 
threshold was assessed using 10–20% power of stimu-
lus increment according to the to the Rossini-Rothwell 
algorithm [7]. We assessed MEP parameters including 
motor threshold, latency, amplitude, and shape. 

No reliable MEP was recorded with stimulation in the 
50–85% range of stimulus intensity, and only a stimu-
lation artifact was detected.

On the same day, we performed neuroimaging, i.e. mag-
netic resonance (MR) tractography with CST recon-
struction arising from primary motor cortex (M1) and 
SMA using the Philips Achieva dStream 3.0T scanner 
and MR Fiber Trak software on the IntelliSpace Portal.

Only single projections originated from SMA were seen 
in the left hemisphere (Fig. 1).

Introduction

Transcranial magnetic stimulation (TMS) can be used 
for non-invasive and painless assessment of the corti-
cospinal tract (CST) development in children in health 
and disease. The diagnostic potential of the TMS in the 
investigation of the perinatal CST damage following 
stroke and cerebral palsy in children has been described 
[1]. The role of supplementary motor area (SMA) as a 
reserve motor control zone becomes more important in 
case of disrupted cortical motor regulation [2, 3]. How-
ever, it is extremely difficult to obtain evidence for this 
in the clinical setting. 

We present a clinical case of CST development from the 
SMA during recovery after acute hypoxic brain injury in 
a 3-year-old child. 

Clinical Case

Female patient S., 3 y. 2 mos.o., was admitted to the 
Rehabilitation Department, the Research Institute of 
Children's Emergent Surgery and Traumatology, on 
Day 50 after acute hypoxic brain injury (freshwater 
drowning).

According to her history, the child fell into the swim-
ming pool and remained face down in the water for  
10 minutes until her mother noticed the girl. The moth-
er unsuccessfully tried to resuscitate her child and de-
livered her to the hospital where the girl was admitted 
to the ICU. The patient was weaned from the ventilator 
and breathed spontaneously via tracheostomy. After the 
patient’s condition stabilized, her transfer and readmis-
sion to the Research Institute of Children’s Emergent 
Surgery and Traumatology was approved. 

Neurological examination: 
• vegetative state;
• tetraparesis;
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During the follow-up 6 months from injury, MEPs 
could not be reliably verified, although even a single 
stimulus of 50% intensity triggered a 25-sec genera- 
lized tonic seizure. Therefore, the number of stimuli was 
limited. CST reconstruction on follow-up MR tracto 
graphy demonstrated substantial volume predominance 
of the right CST originated from SMA and absence 
of CST from M1 (Fig. 2).

Video EEG monitoring was performed in external 
facility. Epileptiform discharges in the vertex region 
(Fz-Cz-Pz) with periodic spreading to the left central 
parietal region (C3-P3) or bilaterally were registered 
in wakefulness and sleep; the prevalence was average 
in sleep and low in wakefulness. During the recording 
period, 4 generalized motor tonic seizures accompa-
nied by rhythm desynchronization and fast-wave be-
ta-band activity (ictal pattern) and events of non-epi-

Fig. 1. MR tractogram with CST reconstruction of patient S. on day 56 from injury.
Single CST projections from SMA (blue) are seen on the left (arrows).

Fig. 2. MR tractogram of patient S. in 6 months from injury. Predominance of CST 
originating from right SMA (blue). 

Fig. 3. EEG monitoring in patient S. during the awake stage in 6 months from 
injury.
Bipolar montage, paper speed 10 sec/page, sensitivity 7 μV/div, low-pass filter:  
70 Hz, high-pass filter: 1 Hz. Ictal pattern (red arrow). 

Fig. 4. Patient S.'s evaluation 1 year from injury.
А — MEP recording, 66% threshold (I — cortical MEP; II —segmental MEP). 
1 — response isoline deflection point; 2 — maximum isoline positive deflection 
point; 3 — response reproduction end point; 4 — stimulation artifact.
B — MR tractography: symmetric bilateral CSTs (blue) originating from SMA 
(arrows).

A B

Fig. 5. Sleep EEG  in patient S. 1 year from injury.
Bipolar montage, paper speed 10 sec/page, sensitivity 150 μVp-p, low-pass filter: 
70 Hz, high-pass filter: 1.0 Hz.
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dered as postanoxic myoclonus manifestations des-
cribed in the literature as Lance–Adams syndrome [8].

Ipsilateral control of the proximal muscles is described 
in healthy subjects. In children with early traumatic 
brain injuries, ipsilateral tracts are primarily involved 
in motor control of the distal muscles of the limbs [9]. 
A number of studies demonstrate controversial results 
regarding M1 excitability depending on the type of re-
organization of contra- and ipsilateral tracts in children 
with perinatal CNS injury [10]. 

Simultaneous recording of contra- and ipsi-MEPs, 
similar in latency and shape, including those in children 
with perinatal stroke and agenesis of the corpus callo-
sum, showed that proprio- and reticulospinal tracts are 
involved in impulse conduction [9, 11], which chal-
lenged the role of commissures in impulse conduction.

SMA tracts, with monosynaptic spinal cord connec-
tions, are considered to be less excitable than M1 pro-
jections [12]. In our case, massive CNS injury took 
place at the age of 3 years, during the active develop-
ment of cortical motor control. This could affect intact-
ness of motor tracts originating from SMA as this area 
(in addition to the superior parieto-occipital cortex, the 
anterior intraparietal gyrus, the ventral premotor cor-
tex, the dorsolateral prefrontal cortex, and the posterior 
and medial parietal gyri) is involved in bimanual move-
ments control, being in fact a part of a multifunctional 
neural network [13]. 

Our findings correspond with previously described CST 
reorganization when SMA represented as an area of hand 
function motor control in children with brain injuries. 
However, we have to agree with other researchers and to 
admit that, due to few clinical observations, we cannot 
make generalized conclusions about recovery mecha-
nisms in children after acute hypoxic brain injury [14].

In our case, we have observed neuroimaging and neu-
rophysiological dissociation, i.e., the presence of CSTs 
originated from SMA with no reliably reproducible 
MEPs in early recovery period after acute hypoxic brain 
injury. A single registration of contralateral MEP during 
1.5-year follow-up cannot be considered as a criterion 
of recovered motor control.

Conclusion

Our findings indicate the absence of CST recovery af-
ter severe hypoxic CNS injury in a 3-year-old child. 
According to MR-tractography, CST originated from 
SMA was not clinically associated with recovery of mo-
tor function in the child during the described follow-up 
period. More clinical data is needed to make prognosis 
on recovery in children after acute hypoxic brain injury 
based on TMS and MR-tractography.

leptologic genesis were recorded (Fig. 3). The child was 
consulted by an epileptologist, and depakine (8 mg QD, 
33 mg/kg QD) and clonazepam (1.5 mg QD) were pre-
scribed. 

At 1 year follow-up, reproducible polyphasic contra-
lateral TMS MEP in the left hemisphere was record-
ed with 66–68% intensity, maximum amplitude of 
0.467 mV, and 17.2 msec minimum latency. No re-
sponse from the left hand muscles during the right 
hemisphere stimulation was recorded. MR tractogra-
phy revealed symmetrical CST originating from SMA 
in the right and left hemispheres with no CSTs from 
M1 (Fig. 4). No epileptic events were recorded during 
TMS. The patient received anticonvulsants. Follow-up 
video EEG monitoring was performed between hos-
pitalizations. No seizure EEG patterns were record-
ed. In wakefulness and in sleep, regional epileptiform 
discharges were registered in central-vertex regions 
(Cz) periodically with spreading to parieto-central 
regions, mostly bilaterally, as well as independently 
on the left and right, represented by spike-slow wave 
complexes, by their morphology the discharges cor-
respond to “rolandic spikes”, with high prevalence in 
some sleep epochs and low prevalence in awake EEG 
(Fig. 5). The anticonvulsant therapy was adjusted (topi-
ramate 100 mg QD; clonazepam daily dose decreased 
to 0.625 mg QD). 

The fourth assessment was performed in 1.5 years after 
hypoxic brain injury. MEPs were simultaneously re-
corded bilaterally on 2 leads from m. аbductor pollicis 
brevis using alternate hemisphere stimulation. No reli-
able MEP was recorded as response to the stimulation 
of the right and left hemispheres. The video EEG moni- 
toring findings and the therapy remained unchanged.

Discussion 

Studies of TMS diagnostic significance in children with 
perinatal injuries of the central nervous system (CNS) 
emphasized clinical, neuroimaging and neurophysio- 
logical correlation. Noteworthily, the CST reorganiza-
tion model depends on the age when the cortical mo-
tor areas were injured. In patients under the age of two 
years, the ipsilateral hemisphere compensates the mo-
tor control of the affected limb while excessive neuro-
plasticity causes neuronal hyperexcitability including, 
in some cases, epileptiform patterns as a result of hy-
poxic ischemic encephalopathy [1]. 

In our observation, massive hypoxic injury in the 3-year-
old child led to the activation of CST originated from 
SMA while the reorganization period was associated 
with the development of generalized tonic seizures and 
epileptiform activity that confirms the transient hyper-
excitability of cortical neurons. Other motor phenom-
ena were of non-epileptic origin, and they were consi 
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