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Corticospinal tract decussation alteration: A single case 
of a healthy woman presenting with left fronto-parietal 
intraparenchimal haemorrhage showing homolateral
symptoms and signs
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Introduction

In healthy humans, about 75%-90% of the fibres of the Corti-
cospinal tract (CST) cross the midline of the brain stem through 
the pyramidal decussation at the level of the medulla oblongata 
[1]. From there, the fibers of the CST travel through the lateral 
corticospinal tract and reach the neurons in the ventral horn of 
the grey matter of the spinal cord [1,2].

An uncrossed CST at the level of the pyramidal decussa-
tion is a rare anatomic variation and has been seldom found in 
healthy humans. Only seven cases have been described in for-
merly neurologically asymptomatic patients [3-9]. Furthermore, 
a partly uncrossed CST has been confirmed as the main ana-
tomic pathology in rare genetic disorders, such as Congenital 
Mirror Movements (CMM) [10] and Horizontal Gaze Palsy with 
Progressive Scoliosis (HGPPS). Other raregenetic disorders may 
also occur with a crossing pathology of the CST (e.g., Dandy–
Walker, Kallmann, or Joubert syndrome) [1].

Here, we review the literature on crossing pathologies of the 
CST from 1850 until today. We further present the case of a pa-
tient with acute speech disturbances and left-sided hemipare-
sis. Computed Tomography (CT), as well as diffusion-weighted 
Magnetic Resonance Imaging (MRI), revealed a left-sided ICH.

Subsequent Diffusion Tensor Imaging (DTI) with fiber track-
ing showed a highly asymmetric crossing of the CST at the level 
of the medulla oblongata. Thus, a partly uncrossed CST was 
identified as the anatomical substrate of the ipsilateral symp-
toms in this patient.

Background

CST pathologies in healthy humans

Crossing pathologies of the CST seem always to occur at the 
level of the medulla oblongata (pyramidal decussation) or be-
low in the spinalcord, whereas the rest of the CST seems to de-
velop normally [1,11,12].
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There are no data available as to the prevalence of crossing 
pathologies in healthy humans. Since 1950, only seven previ-
ously healthy patients with uncrossed CST have been described. 
All seven patients had an unremarkable prior medical history 
and no pre-existing neurologic pathologies. Five of these cases 
presented with stroke symptoms and ipsilateral hemiparesis [3-
7]; one had a cerebral tumour and ipsilateral paresis [8] and 
one showed ipsilateral motorevoked potentials during intraop-
erative monitoring of a vestibularschwannoma surgery [8]. 

Later, a study from Cuatico in 1979, suggested an ipsilateral 
motor innervation based on clinical findings, electroencepha-
lography, and pneumoencephalography in another patient with 
[7]. Hosakawa et al. in 1996 demonstrated an uncrossed CST by 
somatosensory and motor evoked potentials and with a follow-
up MRI showing ipsilateral Wallerian degeneration after tha-
lamic hemorrhage [3]. The tenth case described was a patient 
with ipsilateral hemiparesis after putaminalhemorrhage, where 
functional MRI revealed ipsilateral activation through finger-
tapping [5]. 

The only cases that visualized the uncrossed CST through DTI 
and fiber tracking were published by Alurkar et al. in 2012 [6], 
Ku et al. in 2017 [8], and Persad et al. in 2021 [9] where all de-
scribed a completely ipsilateral course of the CST.

CST pathologies in genetic disorders

In addition to these rare acquired cases in previously healthy 
patients, crossing pathologies of the CST have been described 
in different congenital diseases. In these diseases, three pos-
sible anatomic variants have been described: (i) mainly ipsilat-
eral CST with some crossing fibers at the pyramidal decussa-
tion, (ii) mainly ipsilateral CST with some crossing fibers at the 
spinal level, and (iii) completely ipsilateral CST with no cross-
ing at all [1]. Furthermore, crossing pathologies constitute the 
main pathology only in two congenital conditions, CMM [10] 
and HGPPS [13-15]. CMM are caused by mutations of the genes 
DCC and RAD51 [16], where as HGPPS is caused by a mutation 
of the ROBO3 gene [14,15]. In the mouse model, all these genes 
have been shown to code for factors expressed by CST neurons, 
mainly responsible for guiding the neurons through the midline 
during embryonic development [1]. There is one substantial dif-
ference between the two diseases; whereas in HGPPS there is 
no crossing of the CST at all, in CMM some fibres of the CST 
still cross at the pyramidal level, resulting into the occurrence 
of mirror movements. Mirror movements seem to occur only 
when there are some crossing CST fibers left, but not if they 
do notcross at all. This is supported by other genetic diseases 
where patients with partly uncrossed CST (Kallmann, Klippel–
Feil, Joubert, Möbius, and Gorlin syndromes) also present with 
mirror movements [11,17-19], where as patients with genetic 
diseases with no crossingat all (e.g., Dandy–Walker syndrome) 
do not [20]. Even though crossing pathologies of the CST have 
been described in these genetic syndromes, there are no data 
available on the frequency of occurrence or the clinical impact 
of these crossing pathologies in each of these syndromes.

Case report

The patient, a 52 yo woman, presented in the evening with 
dizziness and instability. Found at home by her husband on the 

floor, unresponsive and brought to our hospital DEA.

The patient results as an healthy woman with an history of 
neurosurgical operation at the age of 3 years for a left parieto-
occipital lesion excision with an uncertain histologic diagnosis 
of arachnoid cyst.

Pathological history:

- at the age of 3 yo the patient was operated to remove a left 
parietal arachnoid cyst;

- in 2015 orthopaedic intervention for malleolus fracture;

- no chronic diseases known;

- right handed;

- dermal hipersensitivity to piperacillin/tazobactam in anam-
nesis;

- no pharmacotherapies or coagulopathies known.

At the presentation the patient was awake, non responsive, 
non executing easy tasks, with left hemiplegia and localizing 
painful stimulus on the right side of the body. 

Executed in emergency brain CT scan which found left, fron-
to-parietal, intracerebral hemorrhage (Figure 1).

As a more detailed study a brain CT-angiography, panagi-
ography and MR where made: “Large left frontal parenchimal 
hemorrhage independent from arterial perfusion territory. In-
side the lesion was found the presence of pseudocystic forma-
tion showing haematic level. The SSS was open to the blood 
flow and both the internal carotids where fibrodysplastic”. After 
24 h from presentation a rapid neurologic and neuroradiologic 
worsening which drove to an urgent operation of left fronto-
parieto-temporal osterodural decompression and partial hem-
orrhage evacuation (Figure 2).

Due to the paucity of informations and clues, a brain tissue 
biopsy was made which found a morphologic aspect compatible 
with amyloid cerebral angiopathy (article under submission).

After the intervention a progressive neurologic improve-
ment was seen: Patient became awake, responsive, executing, 

Figure 1: Pre-operatory head CT scan showing a voluminous haem-
orrhage and a parenchymal infarction in mesial and convexity left 
parietal lobe.a-d: sequence of cranio-caudal cuts.

 

Figure 1: Pre-operatory head CT scan showing a voluminous haemorrhage and a 
parenchimal infarction in mesial and convexity left parietal lobe. a-d: sequence of cranio-
caudal cuts. 
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with aphasia, stable left hemiplegia but with less hyper tone.

After 20 days she showed a new neurologic worsening whit 
appearance of tension under the skin flap. At CT scan a new 
bleeding in the left hemisphere was found. In this case surgical 
indication wasn’t given.

The patient neurological outcome was poor and consisted in: 
Awake, spontaneous eyes opening, no responsiveness or execu-
tion; unstable eye contact, ciliary reflex present; left hemiplegia 
and localizing painful stimulus on the right side. 

After all acute issues were resolved the patient was dis-
charged to a long-term care center. 

Figure 2: DTI cuts showing the absence of right corticospinal tract 
decussation a-e: sequence of cranio-caudal cuts.

 

Figure 1: DTI cuts showing the absence of right corticospinal tract decussation. a-e: 
sequence of cranio-caudal cuts. 

Figure 3: DTI tractography reconstruction coronal view, hilighting 
the left CST and showing only few pontine decussations of these 
fibers.

 

 

Figure 1: DTI tractography reconstruction coronal view, hilighting the left 
CST and showing only few pontine decussations of these fibers. 

Conclusions

In acute conditions such as hemorrhagic stroke, CST pathol-
ogy should be considered in case of discordant clinical findings. 
For neurosurgeons, the knowledge of genetic disorders that 
may be associated with an uncrossed CST, and the possibility of 
an uncrossed CST in patients with no known neurologic/genetic 
diseases, may be essential in an intraoperative setting, with 
need for neuromonitoring.

DTI is a potent imaging technique and allows a detailed ex-
amination of white matter pathways but is also prone to techni-
cal artefacts and has limitations. Resolving crossing fibers is not 
always possible and requires both adequate data acquisition 
and postprocessing.

Unfortunately, in our patient we did not conduct electro-

physiologic studies (e.g., motor/sensory evoked potentials) due 
to poor clinical conditions.
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