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Abstract: To discuss the changes in cognitive function and related brain regions in patients with chronic 
benzene poisoning. Few studies have explored the damage to cognitive function that occurs in benzene 
toxic encephalopathy. It is important to identify early in the course of disease whether cognitive dysfunction 
is caused by benzene poisoning so that disease prognosis and appropriate treatment can be determined. 
We reported on the chronic benzene poisoning of a 41-year-old Han Chinese woman. The patient had 
graduated from primary school, and she had a cheerful and diligent personality. She had performed painting 
work for more than five years, and her primary work involved painting swivel chairs. The primary reasons 
she attended the psychiatric clinic were loss of appetite, she had experienced fatigue for more than 2 months, 
and she had had memory loss for a month. These symptoms seriously impacted the patient’s daily life 
and ability to work. The patient’s husband expressed concern that she could not recognize acquaintances, 
could not find her way home, and had lost approximately 5 kg per month over two months. We analyzed 
changes in this chronic benzene poisoning patient’s cognitive function with cognitive function assessments 
and magnetic resonance imaging (MRI). Measurements were taken on presentation to hospital, during the 
patient’s hospitalization, and three months following discharge. Long-term exposure to benzene can damage 
the central nervous system. However, it is difficult to recognize when cognitive impairment is caused by 
chronic benzene poisoning, as it rarely presents with a decline in cognitive function as the primary clinical 
manifestation. Atypical symptoms, such as decreased immune function and gastrointestinal issues, may be 
the first symptoms to appear, and these atypical symptoms are difficult to detect in the early stages of disease. 
Regular screening of high-risk groups is required to significantly reduce the incidence of systemic damage 
caused by benzene poisoning.

Keywords: Benzene poisoning; cognitive dysfunction; magnetic resonance imaging (MRI)

Submitted Jul 31, 2020. Accepted for publication Nov 11, 2020.

doi: 10.21037/atm-20-6597

View this article at: http://dx.doi.org/10.21037/atm-20-6597

Introduction

Benzene is a chemical commonly used in industry and 
agriculture and is an established human carcinogen (1). 
This chemical is also widely used in the manufacture of 
products such as nitrobenzene spices, paint, printing ink, 
rubber, resin, et cetera. Benzene is extremely poisonous to 

humans and exerts a strong lipotropic effect (2). Benzene 
vapor can be inhaled, entering the body through the 
respiratory tract, and it can also be absorbed through 
the skin at normal temperatures. Long-term exposure to 
benzene vapor can damage the hematopoietic system (3,4), 
immune system (5), and nervous system (6), which leads 
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to leukopenia, decreased platelets, infection, hemorrhage, 
cognitive dysfunction, et cetera (7,8). Chronic benzene 
poisoning has a long disease course and is difficult to treat; 
there is no effective therapy for the systemic damage it 
causes. However, if patients can be identified and correctly 
diagnosed in a timely manner, symptoms can be treated 
early and further disease progression avoided.

It has been reported that occupational exposure to organic 
solvents is a risk factor for cognitive impairment (9-11). 
Chlorinated solvents, petroleum solvents, benzenes, and non-
benzene aromatics are used in paints, binders, skimming, 
and pesticides, and these chemicals are commonly associated 
with occupational exposure to solvents. The estimated 
prevalence of exposure to these solvents in the labor force of 
industrialized countries is 8% (12). Evident in chronic toxic 
encephalopathy, chemical solvents affect the central nervous 
system, impacting cognitive functions such as attention, 
processing speed, and motor performance (13,14). If exposure 
levels remain low, memory and attention problems may 
improve or cease to progress when the exposure is stopped 
(15,16). Attention deficits and intellectual impairment, 
however, have been observed in populations exposed to 
high levels of solvents. Acute cases may result in permanent 
neurological impairment.

The effect of organic solvents on cognitive function is 
associated with years spent in education; individuals who 
have spent fewer years in education are more likely to be 
affected. Increased years spent in education may act as 
protection against cognitive dysfunction in individuals 
exposed to organic solvents (12,14,17).

Commonly used methods for the treatment of chronic 
benzene poisoning included the following: cessation of 
benzene exposure, general supportive therapy, antibiotics, 
vitamins, corticosteroids, androgens, colony stimulating 
factors (G-CSF, GM-CSF), blood component therapy, and 
traditional Chinese medicine. The complications following 
chronic benzene poisoning includes aplastic anemia, fetal 
congenital malformation, etc.

Few reports have used magnetic resonance imaging 
(MRI) to explore the effect of damaged brain regions 
on cognitive function in patients with chronic benzene 
poisoning. In this study, we presented a case report of 
cognitive impairment caused by long-term exposure to 
chemical dyes that contained benzene. Following timely 
symptomatic treatment, this patient’s cognitive function 
significantly improved. The aim of this paper was to 
highlight the systemic damage caused by chronic benzene 
poisoning, particularly to the central nervous system. Early 

detection of benzene poisoning is required for the timely 
diagnosis and treatment of these patients, which then 
reduces the suffering of those affected.

We present the following article in accordance with 
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6597).

Case presentation

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient 
for publication of this manuscript and any accompanying 
images. 

The course of the disease

The patient was a 41-year-old female painter who presented 
to the psychiatric clinic with cognitive impairment that 
manifested in the following ways: an inability to complete 
daily work in the correct order; she always forgot salt when 
cooking; and she had trouble finding her way home, which 
concerned her family. Her husband told us that the patient 
could no longer do things that she used to do well. In 
addition, she had symptoms such as loss of appetite, nausea 
and fatigue.

The patient had developed loss of appetite and fatigue 
two months prior to presentation and was diagnosed with 
influenza at the local county hospital due to these symptoms 
and abnormal routine blood test results; her white blood 
cell count was reduced and her lymphocyte count was 
slightly increased. Following symptomatic treatment with 
common cold medication, her gastrointestinal symptoms 
and fatigue did not be significantly improved. Despite this, 
the patient continued to work.

One month prior to presentation, the patient’s family 
realized she had developed memory problems. In her 
work, the patient painted swivel chairs and was meant 
to paint both sides of each chair. However, she was only 
painting one side and forgetting to paint the other. She 
had been doing this work for more than five years. More 
seriously, the patient’s family also found she could not 
complete housework in the correct order. For example, she 
always forgot to add salt when cooking. The change most 
concerning for the patient’s husband was that she could no 
longer find her way home. As a result, on one occasion, she 
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had become lost in the village.

Diagnosis and treatment process

The patient was brought by her husband to the local county 
hospital where she received a thyroid function examination. 
This indicated the patient had hypothyroidism, and she 

was given endocrine therapy (50 µg Euthyrox per day) 
to improve her thyroid function. However, the patient’s 
symptoms did not improve after nearly two weeks of 
therapy. As the patient could not adequately perform her 
work duties, she had to cease working. As her disease 
progressed, the patient’s doctor suggested she attend a more 
reputable hospital for further treatment.

The patient received treatment in the endocrinology 
department of our hospital in 2018.04.14 for approximately 
two weeks before we met her. She had been diagnosed with 
leukopenia and administered Leucogen tablets (20 mg three 
times a day) to increase her white blood cell count. At this 
time, the patient’s thyroid function was normal, but her 
cognitive function was notably impaired.

We evaluated her cognitive function with a series of tasks 
(Tables 1,2), and performed a physical examination, a mental 
examination, a cranial MRI, and a cerebrospinal fluid (CSF) 
examination (Tables 3,4). Examinations of her physical 
health and nervous system indicated the patient’s vital signs 
were stable. But for slight hyperreflexia of the tendons, 
her results were normal. In the mental examination, the 
patient could only answer the doctor’s questions using 
one or two simple words. For example, when we asked the 
patient why she came to hospital, she said “cold”. When we 
asked questions like “how are you feeling now” or “what’s 

Table 1 Patient cognitive function assessments

Characteristic MMSE MOCA ADAS-cog

Baseline 7 5 31.66

At 2 weeks 19 16 25

At 3 months 28 22 12.34

Table 2 Summary of ADAS-cog tasks

Task Baseline At 2 weeks At 3 months 

Word recall 7.33 6.33 4.67

Naming objects and fingers 1 1 0

Commands 2 1 1

Constructional praxis 1 1 1

Ideational praxis 1 1 0

Orientation 5 2 1

Word recognition 8.33 7.67 2.67

Language 3 2 0

Comprehension of spoken 
language

1 1 1

Word finding difficulty 1 1 1

Remembering test 
instructions

1 1 0

Total points 31.66 25 12.34

Table 3 Detection of autoimmune encephalitis (CSF)

Characteristic Result Reference range

Anti-NMDAR IgG (−) (−)

Anti-AMPA1R IgG (−) (−)

Anti-AMPA2R IgG (−) (−)

Anti-LGI 1R IgG (−) (−)

Anti-CASPR2R IgG (−) (−)

Anti-GABA BR IgG (−) (−)

Table 4 Detection of AD markers in CSF

Characteristic Result Age (y) Reference range (pg/mL)

Aβ [1–42] 1,273.4↑ 21–50 792±182

51–70 790±228

>71 797±230

T-Tau 249.5↑ 21–50 136±89

51–70 243±127

>71 341±171

P-Tau 38.37 18–44 19.66–45.67

45–77 35.84–66.26

The patient’s CSF examinations, which included testing for 
autoimmune encephalitis (Table 3) and AD markers (Table 4), 
showed no significant abnormalities to indicate autoimmune 
encephalitis. The patient did, however, show elevated levels 
of the AD biomarkers Aβ [1–42] and t-tau. Previous studies 
have shown that increased levels of Aβ [1–42] (18) and tau 
(19,20) are the pathological basis of AD and are required for 
an AD diagnosis. This result indicates that the patient’s decline 
in cognitive function had a specific pathological basis. CSF, 
cerebrospinal fluid.
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Figure 1 Patient pre-treatment MRI. (A) T1WI showed slightly low signal intensity in the frontal lobe, temporal lobe, occipital lobe, basal 
ganglia, subcortical white matter, and external capsule. (B) T2WI showed mild brain edema, a slightly shallow sulcus, extensive and patchy 
high signal intensity, and blurred boundaries in the frontal lobe, temporal lobe, occipital lobe, basal ganglia, and internal capsule. (C) FLAIR 
showed extensive and patchy high signal intensity in the frontal lobe, temporal lobe, occipital lobe, basal ganglia, and internal capsule. (D) 
DWI showed extensive and patchy high signal intensity in the frontal lobe, temporal lobe, occipital lobe, basal ganglia, and internal capsule. 
Abnormal signals across large areas were observed in the white matter of the frontal and parietal lobes in both hemispheres. MRI, magnetic 
resonance imaging.

wrong with you”, she was silent. When we asked her what 
day it was, the patient said, “I don’t know”. The patient’s 
mental examination indicated she was passive, emotionally 
apathetic, exhibited slow thinking speed, and had poor 
thought content. As she showed no psychotic symptoms, 
such as hallucinations or delusions, and there were no other 
obvious symptoms, such as decreased interest or insufficient 
energy, her impairment had gone unnoticed and progressed 
rapidly. After consulting with the patient and reviewing 
her medical history, we excluded depressive disorders, 
schizophrenia, and other mental disorders. Her cranial 
MRI, however, indicated white matter signal abnormalities 
(Figure 1).

After a comprehensive analysis of her mental examination 
results, MRI, medical history, and disease characteristics, 
and after excluding other diseases, we believed the 
patient’s cognitive impairment might be due to benzene 
poisoning. We recommended the patient be treated in the 
Department of Neurology, where she was diagnosed with 
cognitive decline caused by chronic toxic encephalopathy. 
Throughout her hospitalization, the patient received 
citicoline (0.1 g three times a day) and mecobalamin tablets 
(500 µg three times a day) for the reversal of nerve injury, 
as well as nerve nourishment, fursultiamine tablets (25 mg 
three times a day) and vitamin B1 (10 mg three times a 
day) to improve appetite, prednisone tablets (20 mg once 
a day) as an anti-inflammatory, and hyperbaric oxygen to 

improve brain function and healing. The patient was also 
treated with potassium supplements, strengthened nutrition 
strategies, and other supportive therapies. She also received 
cognitive training, which included reading every day and 
talking with her family.

The patient was hospitalized in the Department of 
Neurology for two weeks, after which her condition 
improved and her cognitive function somewhat improved. 
She could actively talk to others, her mood improved, 
and she could perform daily life activities. When we saw 
the patient at this time, she could answer our questions 
with reasonable accuracy and actively spoke with us. The 
patient told us she felt better and her mind had begun to 
work. When we asked how she had felt two months ago, 
she said, “I felt like my brain was rusty and could not work, 
and nor could I think. I did not know what was wrong 
with me.” The patient added, “Our workshop is about 
20 meters squared, but there is only one window. The 
oil paint smelled terrible. We workers usually had chest 
tightness and dizziness. There were two others besides me 
in the workshop who had the same symptoms, and they 
also stopped working to seek treatment.” At this time, we 
assessed the patient’s cognitive function (Tables 1,2) again 
and she showed notable improvements.

The patient was required to continue receiving treatment 
after discharge and also received regular outpatient 
visits. She took her medications every day and received 
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Figure 2 Patient MRI after 1 month of treatment. (A) The low signal intensity previously observed on T1W1 was slightly alleviated. (B) 
The brain edema previously observed on T2WI was slightly alleviated, and the sulcus was slightly deeper. (C) The high signal intensity 
observed on FLAIR was slightly decreased. The possibility of white matter demyelination was considered. (D) The high signal shadow 
previously observed on DWI was slightly alleviated, and the range of abnormal signals was reduced. MRI, magnetic resonance imaging.

hyperbaric oxygen treatment once a week. We performed 
another cranial MRI (Figure 2) after a month of treatment. 
Compared with her pre-treatment MRI, these results 
indicated that the demyelination had slightly improved in 
the corresponding brain regions.

Outcome of the disease

Three months following discharge, the patient showed 
significant improvement. She could look after her children, 
do housework, and had no notable abnormal contact or 
communication with others. The patient’s emotional state 
was stable. We assessed her cognitive function (Tables 1,2) 
again at this time and found it had almost returned to normal.

Discussion

Chronic benzene poisoning is a serious disease that can 
severely damage multiple organs. Many studies have 
explored the effects of chronic benzene poisoning on the 
hematopoietic system. Hematological diseases, such as 
cytopenia, aplastic anemia, leukopenia, and leukemia, are 
frequently associated with benzene poisoning (7,8).

Low levels of benzene exposure (<1 ppm) can affect the 
hematopoietic system. However, the threshold for causing 
damage is unknown. An epidemiological study claimed 
that peripheral blood white blood cell counts and platelet 
counts were significantly lower in workers exposed to air 
levels of benzene as low as 1 ppm compared with workers 
in a control group (21). Benzene exposure may affect the 
formation and differentiation of various hematopoietic 

progenitor cells and erythroid colony-forming units in 
bone marrow. These effects are primarily characterized by 
decreased peripheral blood cell counts in the early stages of 
benzene exposure (7).

In this case report, the patient’s peripheral blood 
leukocyte count was slightly decreased. Although she 
received symptomatic treatment, which included drugs to 
increase her leukocyte levels, her symptoms of poisoning 
did not improve. Due to her prolonged exposure to paint 
that contained benzene, the patient suffered damage to her 
central nervous system and cognitive function.

Our cognitive function assessments showed that the 
patient had severe cognitive impairment [mini-mental 
state examination (MMSE) =7/30; montreal cognitive 
assessment (MOCA) =5/30; Alzheimer’s disease assessment 
scale-cognitive subscale (ADAS-cog) =31.66] before 
receiving symptomatic treatment. The patient had 
serious problems with orientation, short-term memory, 
attention, language, and visuospatial functions. She could 
not do housework or perform her work normally and her 
daily life was significantly affected. After two weeks of 
symptomatic treatment in hospital, the patient’s memory, 
attention, language, and visuospatial function had somewhat 
improved. She could control her own diet and communicate 
with others in a relatively smooth manner. Her state of 
mind was also improving. After approximately three months 
of treatment, the patient’s cognitive function assessments 
indicated significant improvement (MMSE increased by 
300%; MOCA increased by 340%; ADAS-cog decreased by 
61%). The patient’s ADAS-cog results are shown in Table 2. 
The patient’s word recall, word recognition, and language 
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expression showed particularly significant improvement. 
This indicates her treatment was effective.

As the patient had cognitive impairment, recent 
memory loss, and autonomic nerve dysfunction, as well 
as other symptoms, we tested her CSF for autoimmune 
encephalitis (Table 3) and CSF markers of Alzheimer’s 
disease (AD) (Table 4). The results showed no significant 
abnormalities to indicate autoimmune encephalitis, and this 
disease was excluded. However, as the possibility of early-
onset AD also had to be excluded, we performed tests for 
AD-related factors in the patient’s CSF and found that 
her amyloid beta (Aβ) [1–42] and tau levels were slightly 
high. However, the brain changes observed in the patient 
indicated neuronal edema and demyelination caused by 
long-term benzene exposure. The patient did not show the 
characteristic atrophy observed in AD, and this disease was 
therefore excluded. A later review of the patient’s clinical 
manifestations verified this exclusion: her improvements 
were inconsistent with the irreversibility of AD.

The patient’s MRI showed extensive white matter signal 
abnormalities, particularly in the frontal lobe, temporal 
lobe, basal ganglia, before treatment. This indicated more 
extensive injuries to these regions (Figure 3). Studies 
have shown that the frontal lobe, the anterior region of 
the cerebral hemispheres, controls movement, language, 
intelligence, emotional regulation, et cetera (22). The 
temporal lobe, located beneath the lateral fissure of each 
cerebral hemisphere is involved with emotion, auditory 
processing, remembering visuospatial information, et cetera 
(22,23). The parietal lobe, located at the posterior top of 
the cerebral hemispheres, controls sensory skills and is 
important in reading, et cetera (24). The functions of these 

brain regions are consistent with the cognitive dysfunction 
that the patient exhibited. Compared with her pre-
treatment MRI, an MRI taken after one month of treatment 
showed that the white matter signal abnormalities in these 
regions had reduced. The size of the areas that showed 
abnormalities had also decreased. These changes aligned 
with assessments of the patient’s symptoms and cognitive 
function, demonstrating that her treatment was effective.

Due to early detection and treatment of her disease, the 
patient’s social functioning essentially recovered. However, 
many people are exposed to benzene and other harmful 
chemicals for extended periods of time due to their work 
and living environments. Many chronic benzene poisoning 
patients only receive partial treatment for a range of complex 
reasons, such as economic factors and health insurance. 
Some may receive no treatment at all. Additionally, as it 
has a poor prognosis, this condition is a great burden on 
affected families and society as a whole. Effective monitoring 
of harmful gas concentrations in work environments where 
benzene poisoning can occur fall into this category, providing 
regular physical examinations and screening of high-risk 
groups, and reducing the length of time people are exposed 
to harmful chemicals wherever possible are vitally important 
measures that must be implemented, in addition to the early 
detection, diagnosis, and treatment of Chemical solvent-
related diseases. The mechanisms by which benzene damages 
the central nervous system and effective treatment measures 
must also be explored. 

In this case report, the patient had worked in a benzene 
environment for an extended period. She did not take 
effective protective measures and she did not have 
regular health checks. As a result, her body was affected 
by the benzene exposure, causing clinical symptoms and 
systemic damage. This case indicates that businesses and 
governments need to focus more on workers’ health to 
prevent toxic gas exposure. They must improve health 
education to better equip workers to protect themselves, 
and they should promote preventative measures rather 
than treatment measures. In particular, workers should be 
required to wear gas masks when operating in environments 
that contain high or even moderate concentrations of 
benzene. Employers must instruct employees how to 
prevent benzene absorption through the skin and ensure 
that eyewash and shower equipment are readily available. 
In a practical work setting, employers must improve health 
protection measures for their workers in benzene-polluted 
environments. They must sensibly arrange production 
processes, separate benzene operations from benzene-free 

Parietal lobe: interpreting 
words and language, 

sensory skills

Frontotemporal lobe: language

Pre frontal cortex: 
attention and 

executive function

Figure 3 Functions of brain regions related to benzene poisoning 
pathogenesis.
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operations, install readily available ventilation detoxification 
equipment, and regularly monitor air concentrations of 
benzene to prevent chronic occupational benzene poisoning. 
Additionally, employers must require employees to receive 
physical examinations before starting work. Workers whose 
results indicate they should not participate in operations 
that involve exposure to toxic or harmful substances should 
not be permitted perform these duties. 

This case report described a patient who suffered from 
chronic benzene poisoning. There are some controversies 
about the diagnosis of chronic benzene poisoning, such 
as how to determine the number of years of occupational 
exposure, the indicators of changes in the blood system 
(especially white blood cells), the lack of specificity of 
bone marrow changes, and so on. However, the general 
diagnostic criteria for chronic benzene poisoning are as 
follows: (I) a conclusive history of occupational benzene 
contact for at least one year; (II) notable changes in 
hemogram results compared with that obtained pre-
exposure, such as leukopenia; (III) other diseases that could 
cause the same clinical symptoms are excluded.

There is no “antidote” for benzene poisoning; treatment 
consists primarily of symptomatic therapies. Similar to 
leukopenia patients, our case report patient should take 
drugs to increase her leukocyte levels on a permanent basis. 
Prevention of benzene poisoning, therefore, should be 
prioritized above all else. In my opinion, for the treatment 
of chronic benzene poisoning, causative treatment is 
necessary, we need to first ensure that the patient is 
out of the benzene-containing environment.; secondly, 
symptomatic treatment, we need to actively deal with the 
clinical symptoms that the patients have already developed.; 
finally, we need long-term maintenance treatment and 
follow-up of patients’ physical health, provide timely 
medical intervention.
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