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Presumed topography of basal ganglion: Derived from 
TRODAT images in a case of hemorrhagic stroke complicated 
with asymmetrical cogwheel rigidity
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Abstract

Introduction: Systemic maps of basal ganglion lesion correspond-
ing to clinical symptoms are lacking at present. Only the framework 
of functional domains in striatum was presumed. We present a case 
with asymmetrical cogwheel rigidity which is related to the lesion 
site of the basal ganglion in his functional brain image.

Case presentations: A 50-year-old male who suffered from sub-
arachnoid hemorrhage and intracranial hemorrhage presented with 
upper limbs cogwheel rigidity. The symptom was more severe in the 
right side than the left side. Dopamine transport images revealed bi-
lateral decreased dopamine transporter binding capacity in bilateral 
striatum. In left striatum, decreased uptake in dorsal region is more 
severe than ventral region. Cogwheel rigidity was mildly improved 
after use of pramipexole.

Conclusions: This case report suggests that asymmetrical cog-
wheel rigidity is linked to the lesion site of the basal ganglion. To-
pography exists in the striatum and is related to dysfunctional site of 
parkinsonism.
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Introduction

Multiple division ways of the Basal Ganglia (BG) had been 
presumed. The boundaries of functional domain and more de-
tailed subdivision remain unclear. BG dysfunction leads to par-
kinsonism, which features tremor, bradykinesia, rigidity, and 
postural instability. The symptoms are thought to be contralat-

eral to the lesion in BG, systemic maps of lesion corresponding 
to clinical symptoms are lacking at present. We report a case 
of a male patient with cogwheel rigidity after Subarachnoid 
Hemorrhage (SAH) and Intracranial Hemorrhage (ICH) and his 
functional image.
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Case report

This is a 50-year-old left-handed male with past history of 
hypertension. Sudden onset of conscious disturbance with 
vomiting episode took place on the 1st of March, 2021. Brain 
Computed Tomography (CT) and brain Computed Tomography 
Angiography (CTA) revealed diffuse SAH with Intraventricular 
Hemorrhage (IVH) and acute hydrocephalus, anterior commu-
nicating artery aneurysm rupture related. He received emer-
gency surgery of external ventricular drainage placement for 
decompression. Seizure episode lasting for ten minutes had 
been noted once. Progressive brain edema with delayed intra-
cerebral hematoma and midline shift was found on following 
brain CT on the 6th of March. Emergency right frontal-temporal 
craniotomy with removal of ICH was performed. Following brain 
CT on the 15th of March revealed decreased intracerebral he-
matoma volume. Left ventriculoperitoneal shunt and right cra-
nioplasty were performed on the 18th of March. Management 
did not improve the level of consciousness in this patient. Tra-
cheostomy was then performed. After weaning from mechani-
cal ventilation successfully, he was transferred to rehabilitation 
ward for rehabilitation. 

Figure 1: Tc-99m TRODAT-1 SPECT of the patient with cogwheel 
rigidity after SAH with IVH and ICH. Axial view of image (1A) reveals 
obvious decreased binding of Tc-99m TRODAT-1 in bilateral cau-
date and putamen. Visual score of striatum is 3 on both sides. The 
increased uptake on right scalp is an image artifact. Coronal view 
of image (1B) reveals asymmetrical pattern. In left striatum, de-
creased uptake in dorsal region is more severe than ventral region 
(red arrow). On the other hand, ventral region of right striatum 
shows fewer uptakes than dorsal region. 

The patient was in totally dependent status and at Brunnstrom 
stage II. Cogwheel rigidity over bilateral upper extremities per-
sisted with more severe in the right elbow. Tc-99m TRODAT-1 
Single-Photon Emission Computed Tomography (SPECT) was 
arranged and revealed decreased dopamine transporter bind-
ing capacity in bilateral striatum. Visual score of striatum was 3 
on both sides, which demonstrated decreased caudate uptake 
with no uptake in putamen (Figure 1). Uptake ratio of striatum 
is 0.12 and 0.23 on right side and left side. Cogwheel rigidity 
was mildly improved after use of pramipexole, an aminothia-
zole dopamine agonist.

Discussion

We used Tc-99m TRODAT-1 SPECT to evaluate topographic 
relationship between cogwheel rigidity and BG in our case. The 
result revealed decreased uptake in bilateral sides of caudate 
together with no uptake in putamen, mimicking the result of 
Parkinson’s disease (PD) patient. In left striatum, decreased up-
take in dorsal region was more severe than ventral region. On 
the other hand, ventral region of right striatum showed fewer 
uptakes than dorsal region (Figure 1).

Clinically, cogwheel rigidity affects the right upper limb more 
than the left upper limb in this patient. Symptom is thought 
to be contralateral to lesion in BG. Dorsal striatum is mainly 
connected to premotor and motor cortex [1]. Therefore, more 
severe decreased uptake in left dorsal region corresponds to 
cogwheel rigidity severity. Another aspect of asymmetrical cog-
wheel rigidity may be related to injury of SAH and ICH. Follow-
up CT of this patient showed right cerebrum atrophy. Less cog-
wheel rigidity in left upper limb is probably related to ongoing 
recovery of abnormal muscle tone.

Comprehensive anatomical maps of striatum are lacking 
while compared to the cortex and thalamus. Based on neuro-
anatomy of animal, striatum of mice is mainly comprised of 
three known functional domains. Sensorimotor domain and as-
sociative domain are located in the dorsolateral striatum and 
the dorsomedial striatum respectively [2]. Ventral striatum is 
thought to be a component of the emotional system which can 
control motivated behavior [3]. Hunnicutt et al. declared a fourth 
functional domain, in the posterior region of striatum, which 
has more input from distinct areas of the cortex and thalamus 
[4,5]. Yamamoto et al. presumed that posterior end striatum 
played a role in visual-motor skills [6]. Connectivity patterns of 
human BG and cortex were studied by magnetic resonance dif-
fusion weighted imaging data. Segregation and overlapping of 
input and output coexist in human BG. Probabilistic functional 
tractography in human is presented and corresponds to animal 
anatomic test [1].. While the framework of functional domains 
in striatum has been provided. More detailed domains related 
to parkinsonism need to be studied. Alberto Cacciola et al. tried 
to explain the detailed pathophysiology of movement disorders 
by cortico-BG networks [7]. The precise pathophysiology of BG 
structure leading to parkinsonism needs to be investigated.

Dopamine transporter binding capacity in BG can be evaluat-
ed by Tc-99m TRODAT-1 SPECT. It has been used for diagnosing 
and evaluating PD recently [8,9]. Visual score can reflect neuro-
degeneration and is used to evaluating severity of disease [10]. 

Tc-99m TRODAT-1 SPECT is also helpful for studying the relation-
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ship between BG dysfunction and various movement disorders 

[11,12]. Further detailed pathophysiology could be evaluated 
based on this functional image. 

Dopamine agonist has been proved to have anti-parkinson-
ism effect by activating dopamine receptors, and several stud-
ies have demonstrated dopamine agonist can be used as mono-
therapy of PD [13,14]. Pramipexole, non-ergoline dopamine 
agonist, has the superior efficacy than bromocriptine, due to its 
affinity for different dopamine receptors [15]. Pramipexole has 
dopaminergic side-effects, such as nausea, somnolence and hy-
potension, but its side effect is less common than ergoline do-
pamine agonist [16]. No side effect of pramipexole was found in 
our patient. Mild improvement of cogwheel rigidity was found.

Conclusion

Only the framework of functional domains in striatum was 
presumed, while detailed systemic functional map of BG re-
mains uncertain. We used Tc-99m TRODAT-1 SPECT to evaluate 
functional capacity of different regions in the striatum. Combin-
ing images and clinical symptoms, we interpreted that topogra-
phy existed in the striatum and was related to dysfunctional site 
of parkinsonism.
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