
Res Vestib Sci  Vol. 20, No. 1, Mar. 2021

24

Research in Vestibular Science   Vol. 20, No. 1,  March 2021

Case Report pISSN 2092-8882, eISSN 2093-5501   https://doi.org/10.21790/rvs.2021.20.1.24

유기 인산염 중독의 영구 신경학적 후유증으로서의 미만성 소뇌 기능 장애:

증례 보고

김현아, 이  형

계명대학교 의과대학 신경과학교실, 뇌연구소

Diffuse Cerebellar Dysfunction as a Permanent Neurological Sequela of 

Organophosphate Poisoning: A Case Report

Hyun Ah Kim, Hyung Lee

Department of Neurology and Brain Research Institute, Keimyung University School of Medicine, Daegu, Korea

⋅Received Nov 16, 2020

Revised Jan 7, 2021

Accepted Jan 15, 2021 

⋅Corresponding Author: 

Hyung Lee

Department of Neurology, Keimyung 

University School of Medicine, 1095 

Dalgubeol-daero, Dalseo-gu, Daegu 42601, 

Korea

Tel: +82-53-258-7831

Fax: +82-53-258-4380

E-mail: hlee@dsmc.or.kr

ORCID:

https://orcid.org/0000-0003-0568-6104

⋅Copyright ⓒ 2021 by 

The Korean Balance Society. 

All rights reserved.
⋅This is an open access article distributed under the terms 

of the Creative Commons Attribution Non-Commercial 

License (http://creativecommons.org/licenses/by-nc/4.0) 

which permits unrestricted non-commercial use, dis-

tribution, and reproduction in any medium, provided the 

original work is properly cited.

The diffuse cerebellar dysfunction as a permanent neurological sequela of or-

ganophosphate poisoning has not yet been reported in the published literature. 

We report a diffuse cerebellar dysfunction as a permanent manifestation of or-

ganophosphate poisoning. A 55-year-old man diagnosed with acute organophos-

phate poisoning was brought to the emergency room of our hospital. He had slurred, 

monotonous scanning speech with irregularly distributed articulatory deficits, and 

prominent bilateral limb ataxia. He presented left-beating spontaneous nystagmus 

with a downbeat component and strong downbeating nystagmus after head 

shaking. He also showed saccadic hypometria with a normal saccadic velocity 

at fixed horizontal saccades and symmetrically impaired horizontal smooth pursuit 

on both sides. The poisoning of organophosphate poisoning may lead to a diffuse 

permanent cerebellar dysfunction as a neurological sequela event.
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INTRODUCTION

Organophosphate, a potent acetylcholinesterase inhibitor, is 

a frequent cause of substance intoxication [1,2]. The spectrum 

of neurological manifestations of organophosphate poisoning in 

the chronological manners from the standpoint of the evolution 

of symptoms including the initial cholinergic phase with miosis, 

depressed mental status, and seizure, the intermediate syndrome 

with a myasthenia syndrome-like proximal muscle weakness, 

and the delayed symptoms such as encephalopathy, extrapy-

ramidal syndrome and axonal polyneuropathy, has been pre-

viously reported [1-4]. However, there were no prior reports on 

diffuse cerebellar dysfunction as a permanent defect of organo-

phosphate poisoning. We experienced a patient with diffuse 
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Fig. 1. (A) After horizontal head shakings for 5 seconds, strong downbeat nystagmus with a maximal velocity of 27°/sec is shown.

A small component of left-beating nystagmus is also seen. (B) Horizontal smooth pursuit test (10°/sec, 0.2 Hz) showed symmetrically

impaired saccadic pursuit on both sides. (C) Sensory organization test in computerized dynamic posturography showed a severe vestibular

deficit with falling when the visual and proprioceptive inputs were interrupted (e.g., conditions 5 and 6; sway-referenced gain: 1.0).

In all conditions, the center of gravity (COG) alignment tended to be tilted to the backward. Diffusion-weighted images (D) of first

brain magnetic resonance imaging (MRI) performed on the day of organophosphate poisoning, and axial T2-weighted images performed

15 days after onset of symptoms (E) showed no abnormalities in the cerebellum. Ten months later, the axial T2-weighted image of

follow-up MRI (F) showed diffuse cerebellar atrophy. LH, left horizontal; LV, left vertical; RH, right horizontal; RV, right vertical; 

RT, right torsional.

cerebellar dysfunction as a permanent manifestation of organo-

phosphate poisoning.

CASE REPORT

A 55-year-old man was referred to our hospital due to mental 

change. He was social alcoholics and did not take any medi-

cations. He drank a bottle containing organophosphate pesti-

cides for suicide. He lost his consciousness, but he recovered 

his mentality after gastric lavage and charcoal application at the 

previous hospital. After several hours, he lost consciousness 

again and was transferred to our hospital. At arrival, he was 

drowsy and intubated. Arterial blood gas analysis was within 

a normal range. Serum pseudocholinesterase level was 161 U/L 

(normal range for men, 3,500–11,400 U/L). Pralidoxime chlor-

ide and atropine were administered intravenously to reduce the 

excessive cholinergic effect. With 10 days of ventilator care, 

he recovered self-breathing and consciousness. Fifteen days 

after admission, he noticed dysarthria, dizziness, and clumsiness 

of his both hands. On neurological examination, he had slurred, 

monotonous scanning speech with irregularly distributed arti-

culatory deficits, and prominent bilateral limb ataxia. He could 

stand without support, but could not walk independently. Other 

neurological examinations were normal. Video-oculography 

(SensoMotoric Instruments, Teltow, Germany) testing showed 

left-beating spontaneous nystagmus with a downbeat component 

and strong downbeating nystagmus (27°/sec) after head shaking 

(Fig. 1A). In oculomotor testing, saccadic hypometria with a 

normal saccadic velocity at fixed horizontal saccades and sym-

metrically impaired horizontal smooth pursuit on both sides 
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(Fig. 1B) were observed. Computerized dynamic posturography 

showed severe vestibular deficit with falling to the backward 

when the visual and proprioceptive inputs were interrupted (Fig. 

1C). Bithermal caloric stimulation showed a normal response. 

Diffusion-weighted (Fig. 1D) brain magnetic resonance imaging 

(MRI) performed on the admission day and T2-weight images 

(Fig. 1E) on 15 days after organophosphate poisoning were 

unremarkable, but follow-up T2-weight brain MRI taken after 

10 months showed diffuse cerebellar atrophy (Fig. 1F). His 

symptoms were slowly improved over several months, but un-

steadiness, dysarthria, and clumsiness of both hands were per-

sistent on the last follow-up (10 years after symptoms). The 

patient showed saccadic hypometria and impaired horizontal 

smooth pursuit on both sides, bilateral gaze-evoked nystagmus 

and downbeating head-shaking nystagmus at the 10-year follow- 

up. 

The study was approved by the Institutional Review Board 

of Keimyung University Dongsan Medical Center (No. 2020- 

09-005). Written informed consent was waived due to its retro-

spective nature.

DISCUSSION

We observed diffuse and permanent cerebellar dysfunction 

as a prominent symptom in a patient with acute organophos-

phate poisoning. Two prior reports [3,4] described a patient 

with acute organophosphate poisoning who lately developed 

cerebellar ataxia as a delayed neurological sequela. However, 

in those reports, imaging such as MRI was not addressed at 

the time of cerebellar dysfunction, and the lesion may be 

limited to an area responsible for cerebellar ataxia. Furthermore, 

previous reports did not include oculographic data, which is an 

essential tool for evaluating the eye movement and balance 

function that is commonly impaired in the cerebellar lesion. 

The damage to the central vestibular structure, including ves-

tibulocerebellum, is most likely responsible for perverted head- 

shaking nystagmus with a normal caloric response in our pa-

tient. Cerebellar dysarthria is usually localized to the paravermal 

segments of the rostral cerebellar hemisphere [5], and sym-

metrically impaired smooth pursuit is known to be associated 

lesion in the dorsal oculomotor vermis [6]. The lesion respon-

sible for limb dysmetria is commonly localized to the rostral 

lateral cerebellar hemisphere, which is known to be related 

predominantly to limb control [7]. The severe gait ataxia with 

falling in our patient has mostly been ascribed to lesions in the 

rostral vermis, which is related to gait and postural control [7]. 

In view of neurological symptoms and signs, cerebellar 

dysfunction in our patient may result from injury to broad areas 

of the cerebellum, including the vestibulocerebellum, bilateral 

cerebellar hemispheres, rostral vermis, dorsal oculomotor ver-

mis, and paravermal segments of the rostral cerebellar hemi-

sphere.

The cerebellum is known to be a frequent target organ of 

various toxic agents [8]. Purkinje or granular cell layers of the 

cerebellum are also known as an area preferentially susceptible 

to ischemic or toxic encephalopathy [8]. Without pathological 

confirmation, it is difficult to know the pathomechanism on 

how organophosphate causes neurological defects preferentially 

involving the cerebellum. However, considering the previous 

observation [8] that the neurotoxic effect of trichlorfon, one of 

the many organophosphate compounds, and its active metabolite 

dichlorvos can be mainly seen in the cerebellum through meth-

ylation of DNA in the granular cell lays, it is reasonably as-

sumed that organophosphate in pesticides drank in our patient 

may cause a toxic effect to the granular cell lays of the ce-

rebellum preferentially by methylation of DNA and inhibition 

of its cell repair mechanism, which finally leads to neuronal 

cell death.   

Hypoxic-ischemic encephalopathy could not be excluded as 

a cause of cerebellar damage in our patient. The cerebellum 

can show the damage that is often limited to the watershed 

zones in mild cases of hypoxic-ischemic brain injury and can 

be widespread in severe cases. Cerebellar Purkinje fibers are 

hypermetabolic and, therefore, sensitive to hypoxic injury [8,9]. 

In the acute stage (less than 24 hours) of hypoxic-ischemic in-

jury, cytotoxic edema makes a high signal in diffusion-weighted 

images and corresponding low signal on apparent diffusion 

coefficient map in brain MRI [9]. However, diffusion-weighted 

images of the admission day and T2-weight images of brain 

MRI performed on 15 days after organophosphate poisoning 

showed no signal change. Because he recovered his mentality 

after gastric lavage and charcoal and lost consciousness again 
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inside the hospital, we could assume the period of hypoxia 

might be short. Also, arterial blood gas analysis was within the 

normal range at the time of change in mentality. Accordingly, 

we presume that organophosphate intoxication itself is more 

reasonably considered as a cause of diffuse cerebellar dys-

function in our patient than acute hypoxic-ischemic brain injury.
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