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Chapter 1

General Introduction
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General introduction
Joe is fifty-three years old and has worked all his life as a sailmaker and spray painter. He has
been exposed to organic solvents on a daily basis since 34 years. He has spent most of his career on making and repairing sails for trucks by gluing the sails together with solvent rich
glue. He also repaired the seats and used to cut foam for the drivers’ seats and glued the upholstering to the foam with contact glue. He processed around a liter of solvent-rich glue a
day, and 20 liters of acetone each month. Besides these tasks, he used to spray-paint trucks in
the adjacent spray paint hall. Only since the last decade working conditions have improved:
there is a new spray paint booth, there is better extraction of volatile solvent damps, personal
protective equipment has been provided, and the solvent-rich glues are replaced by glues with
less solvents. However, Joe is still exposed to solvents on a daily basis: carbon filters in the
masks for spray painting are not used according to regulations and are replaced long after the
due date. Also, bigger trucks do not fit in the booth and are still spray painted in the hall.

Since the last couple of years, Joe has problems with his memory. He feels he is losing his ability to concentrate on the tasks he is performing. A course for welding proved to be very difficult: the practical aspects were fine, but he could not memorize the theory. This was new to
him, as he always could keep up with new information about rules and regulations. At work,
he makes more mistakes and has to check more often whether he is performing his tasks as
agreed. He also feels more insecure in traffic: he is afraid he might react too slowly in situations of traffic jams or unforeseen changes at familiar roads. Moreover, he is more irritable
and can cope less adequately with frictions with colleagues or friends. Birthday parties and
other socially busy activities are more exhausting for him as his attention is distracted and he
cannot concentrate on one conversation. These symptoms have developed gradually and increase slowly. His wife tells that Joe shows less initiative in daily life and feels usually tired
and exhausted while she has still an abundance of energy. Joe is no longer the man he was in
the past. There are no major life events, no psychological problems or other major stressors in
his life. Joe’s medical history is very limited; he only had a fractured wrist at the age of 24. Joe
does not smoke, never took drugs, and drinks about 5 glasses of beer per week.
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Aims of this thesis
The problems that Joe experiences are typical of patients referred to the Solvent Teams.
This thesis focuses on a rare disease called Chronic Solvent-induced Encephalopathy
(CSE). The aims of this thesis are to report on the incidence of CSE from 1997 until 2017 in
the Netherlands, to evaluate a screening programme for Dutch painters, to improve the neuropsychological part of the diagnostic process by establishing standardized, valid and detailed diagnostic guidelines contributing to international harmonisation of diagnostics, and to
study the course of the disease and prognostic factors of neuropsychological functioning of
CSE patients.
The thesis starts with background information on organic solvents and their effects on the
human body, as an introduction for the readers.

Organic solvents
Organic solvents are a very diverse group of chemicals characterized by their capability of
dissolving and dispersing other substances. There are many ways to classify organic solvents, depending on different characteristics, for example the kind and severity of their toxicity for humans (Basant et al., 2016), and molecular structure in their liquid state (Durland et
al., 2011). Three groups of organic solvents can be distinguished by the manner in which the
carbon molecule of the organic solvent is bound to other molecules: oxygenated solvents,
hydrocarbon solvents (aliphatic solvents, white spirits, pure aromatic solvents) and halogenated solvents (chlorinated solvents, fluorocarbon solvents, brominated solvents, iodinated
solvents). In many production processes, not a single organic solvent, but rather mixtures
are used, which changes the chemical properties of the solvents and thereby the possible
toxicity of the solvent mixture.

Use of organic solvents
Organic solvents are widely used at work spaces around the world. People are working with
organic solvents in industries such as shoe manufacturing, car repair, industrial or house
painting, furniture manufacturing, car spraying, printing and dry cleaning. Organic solvents
are for example used in production processes as antifreeze, degreasing agents, and as intermediates in chemical industries.
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Etiology of toxicity: biological mechanisms
Several underlying mechanisms through which organic solvents cause their neurotoxic effects have been found in animal studies and ‘in vitro’ studies, ranging from effects at the level of ion channel receptors of the neuron to cellular responses, tissue responses and effects
of solvents on changes in brain regions and ultimately on behaviour (Bushnell et al., 2010).
As Van Thriel (2014) summarized, the neurotoxic effects of organic solvents include changes in the lipid composition of neuronal cell membranes, and perturbations of specific ion
channels within the cell membranes. At the level of neurotransmission, solvents influence
the GABAergic pathways in the brain. Solvents can inhibit the excitatory neurotransmission
and reinforce the synaptic inhibition of these GABAergic pathways. As a result, solvents are
able to affect the dopaminergic neuromodulatory system. Organic solvents can also directly
act on the dopaminergic system. Although the effects of solvents on the brain have been
studied well, there is not yet one conclusive model in which the biological mechanisms of
solvent neurotoxicity can be explained (van Thriel 2014, Meulenberg et al., 2016). This is
probably due to the wide variety in the chemical characteristics of organic solvents and solvent mixtures (Sainio 2015). In addition, humans differ in their susceptibility to the effects of
solvent exposure (Godderis et al., 2010, Kezic et al., 2006), as there are individual variations
in toxification and detoxification of solvents in the human body (Sainio, 2015).

Routes of exposure
Organic solvents have the potential of causing harm to the nervous system; many organic
solvents are lipophilic and as the brain is composed of fatty tissue, the nervous system is
vulnerable for the harmful effects of organic solvents (White and Proctor, 1997). The main
route of exposure to organic solvents with regard to the uptake by the human body is by inhalation of the solvents (Daniell et al., 1992). Another, less important route of exposure is the
uptake of solvents via the skin, such as dermal uptake from solvents in the air (Kezic et al.,
2000) and more concentrated dermal exposure when workers for example clean their hands
in solvents (Jakansa et al., 2006).
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Health effects of organic solvent exposure
Acute effects
The acute neurotoxic effects of very high exposure to organic solvents may consist of narcosis, anaesthesia, central nervous system depression, respiratory arrest, unconsciousness,
and death. Historically, the acute effects of ethyl ether and chloroform were used as surgical
anaesthetics. After a lower level of acute exposure, people may experience light headedness, dizziness, nausea and a feeling of being high. These symptoms disappear after the
organic solvents are excreted by the body.

Effects of chronic exposure: Chronic Solvent-induced Encephalopathy
Low level, frequent exposure to organic solvents for several years may lead to chronic symptoms of central nervous system dysfunction, as first described by the Finnish neuropsychologist Helena Hänninen (1967). Workers who are exposed to organic solvents for a long
time –e.g. daily exposure for five years or more- may develop a syndrome called Chronic
Solvent-induced Encephalopathy (CSE). International diagnostic criteria for this syndrome
have been launched by the World Health Organization (1985), and were subsequently refined by a working group in Raleigh (Baker and Seppäläinen 1986) (see Table 1 in chapter 6
for the classification criteria of both working groups), and the European Union (European
Commission 2009). CSE is recognized as an occupational disease by the International Labour Organization since 2010.
As described in aforementioned documents (WHO 1985, Baker and Seppäläinen 1986, European Commission 2009), CSE is characterized by symptoms of forgetfulness, concentration problems, fatigue, irritability, mood changes and neuropsychological impairment.

Dutch Solvent Teams
Origin and organization of the Solvent Teams
In 1997 two national multidisciplinary operating Solvent Teams have been established in the
Netherlands. The word ‘solvent’ stands for the chemical substances that cause neurotoxic
effects, but also for the mission to solve the problem of neurotoxic damage in workers who
are chronically exposed to organic solvents. The teams were based in the Academic Medical
Center Amsterdam and in the Medical Spectrum Twente Hospital in Enschede. The teams
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initially received governmental funding. Later funds were provided by the ‘Health Care Insurance Board’ and its successor the ‘National Health Care Institute’. The Solvent Teams have
acted as two separate teams in terms of individual patient care, but have successfully cooperated during the years in performing patient care according to the same diagnostic protocol.
The scientific projects evaluating the patient care were a mutual effort, as was the annual
reporting of cases of neurotoxic occupational diseases to the Dutch government. Since 2017
the solvent team based in the Medical Spectrum Twente Hospital has ceased its activities.
The solvent team in the Academic Medical Center Amsterdam is currently the only centre in
the Netherlands for referral for diagnostic assessment of CSE.

Disciplines of the solvent teams and diagnostic steps
The Dutch Solvent teams consist of an occupational physician or specialist in occupational
medicine, an occupational hygienist, a neuropsychologist and a neurologist. Occasionally
other medical specialists such as psychiatrists, specialists in internal medicine or experts in
the field of neurotoxicology participate in the team. Together they establish a diagnosis according to a multidisciplinary diagnostic protocol. Diagnostic criteria for CSE are checked
and differential diagnostic diseases are evaluated.
A stepwise diagnostic procedure is performed in which the first step consists of a thorough
medical history evaluation, an occupational history assessment with a retrospective exposure assessment, an assessment of symptoms of neurotoxicity, a blood test and a physical
examination. The second step includes a neurological evaluation, a neuropsychological assessment and a psychiatric evaluation. The third step consists of a multidisciplinary team
meeting in which the results of the different parts of the diagnostic procedure are combined,
a diagnosis is made and an advice for the patient is prepared. Next, the patient is informed
of the diagnosis by the doctor and the neuropsychologist. In case of a CSE diagnosis a follow-up assessment is scheduled after 1,5 to 2 years. This follow-up is needed to check for
missed diagnoses of, for example, early neurodegenerative diseases, but also to monitor the
course of CSE to enable patient care and to gain information on the course of CSE. In case
of other somatic or psychiatric diagnoses the patient is referred to adequate care in the region where the patient lives. Sometimes a diagnosis cannot be made at the first evaluation.
In that case the diagnosis is postponed and another diagnostic assessment is planned,
mostly after a year.
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Diagnosing CSE
The diagnostic process of CSE is difficult, mainly due to the absence of a gold standard for
diagnostic instruments and related criteria to diagnose CSE. Neurological damage due to
organic solvent exposure is difficult to objectify. Neuroimaging techniques such as SPECT
scans and fMRI of CSE patients have shown decreased dopaminergic activity in the frontostriatal circuitries (Visser et al., 2008) and electroencephalography showed decreased activity in event-related potentials in the posterior parts of the frontoparietal continuity (KeskiSäntti et al., 2012). Unfortunately at this moment neuroimaging is not suitable for individual
diagnostic evaluation because effects have only been tested at group level. Consequently,
cut-off values to be used for the individual patient are not available. Moreover, neuroimaging
techniques are cost prohibitive. Therefore, the diagnostic assessment of CSE relies for a
large part on neuropsychological assessment substantiating functional impairments as potential neurotoxic effects of organic solvent exposure. Not surprisingly, the diagnostic criteria
for the neuropsychological assessment of CSE as used in the nineties of the last century,
were not specific and diagnostic criteria varied across institutes and clinics in various countries (van der Hoek et al., 2001). Consequently, there was a need to develop more elaborate
and precise diagnostic guidelines for the neuropsychological assessment of CSE, to improve
and harmonize clinical patient care and to encourage well-founded multi-center scientific
studies.

CSE in the Netherlands
The two Dutch Solvent Teams were not only assigned by the authorities for specialized individual patient care, but were also meant to provide an annual report on the incidence of CSE
in the Netherlands for the Dutch Ministry of Social Affairs and Employment and other stakeholders. For this purpose, the Dutch Solvent Teams both provide anonymised data for the
national database of CSE patients in the Netherlands coordinated by the data manager of
the Netherlands Center for Occupational Diseases.
The database is the source for an annual report on CSE as part of a comprehensive national
report on occupational diseases published by the Netherlands Center for Occupational Diseases. It is published under the title ‘Key figures for occupational diseases’ or ‘Statistics on
occupational diseases’ depending on the year of publication. The Netherlands Center of Occupational Diseases is part of the Coronel Institute of Occupational Health, a department of
the Academic Medical Center Amsterdam (University of Amsterdam). The Netherlands Cen-
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ter for Occupational Diseases is appointed by the Dutch government to register and report
occupational diseases for the country. A national notification and registration system was
developed, based on notifications from occupational physicians, resulting in the National
Registry of Occupational Diseases. This system is complemented with information from
three more specific national surveillances registries: reports of occupational skin diseases by
dermatologists (ADS project), of occupational lung diseases by lung specialists (PAL project)
and cases of CSE by the two Solvent Teams (www.occupationaldiseases.nl).

Outline of this thesis
This thesis is the result of studies based on the cooperation of the two Solvent Teams. The
studies in the dissertation are presented in three parts: I Background of CSE (chapter 2
and 3), II Screening and diagnosis (chapter 4, 5, 6 and 7), and III Course of CSE (chapter
8 and 9).
In chapter 2, the main objective is to reflect on the process of recognizing CSE as an occupational disease in Finland and the Netherlands as an example, and how to cope with other
emerging risks and new occupational or work-related diseases.
In chapter 3 the aims are to describe the current state of the Dutch diagnostic process of
CSE; and to provide new insights into diagnostic procedures and disease progression,
gained after the introduction of the diagnostic protocol in 1995.
Chapter 4 aims to evaluate a screening programme for CSE among Dutch painters and examines the usefulness of a symptom questionnaire as an instrument for screening for early
neurotoxic symptoms in a population of exposed workers.
In chapter 5 the aim is to present new decision rules to be used in the diagnostic reasoning
process in CSE assessments. The decision rules are retrospectively applied to the patients
referred to the solvent teams from 1997-2006 with health complaints after chronic exposure
to organic solvents. The aim of the new decision rule was to identify whether or not there is a
specific cognitive profile of CSE investigating the contribution of the outcomes of each of the
neuropsychological tests used to the constructed “total cognitive impairment” in patients
suspected of CSE.
In chapter 6 the objective is to improve the neuropsychological diagnostic assessment of
CSE Europe wide by formulating recommendations based on the literature on neuropsychological characteristics of CSE that emerged after the diagnostic criteria documents of the
WHO and Raleigh working group were published in the 1980s.
16

Chapter 7 aims to explore the impact of decreased performance validity during neuropsychological assessment and the possible negative effects of repeated diagnostic evaluations.
This clinical problem and corresponding dilemmas in clinical policy are illustrated by a case
study.
In chapter 8 the aim is to systematically review the scientific literature on the course of CSE
and its prognostic factors.
Chapter 9 is a prospective follow-up study of a cohort of diagnosed CSE patients in the
Netherlands. The study aims to investigate the neuropsychological course and to identify
prognostic factors for CSE after diagnosis.
Chapter 10 discusses the main findings and provides the conclusions of this thesis, discusses its limitations and strengths, and translates the results where possible in recommendations for clinical practice and ideas for future research.
Chapter 11 summarizes the content of this thesis.
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Chapter 2

Solvent-induced encephalopathy in
the Netherlands and Finland

Gert van der Laan, Markku Sainio, Evelien van Valen
Occupational Medicine, 2015; 65: 609–11
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Editorial
Long-term occupational exposure to organic solvents may result in the development of a
brain disorder, known as chronic solvent-induced encephalopathy (CSE). A brief history of
the process of recognition and the driving forces behind it, the resistance in the scientific and
political context and how recognition aided preventive actions in Finland and the Netherlands
is instructive.
It took many years before CSE was accepted and recognized as an occupational disease. In
the 1970s and 1980s, there was growing awareness, especially in the Nordic countries, that
there was a distinct pattern in symptoms and complaints reported by workers related to longterm solvent exposure. Evidence for chronic adverse brain effects related to occupational
solvent exposure began to emerge in the early 1960s when the Finnish neuropsychologist
Helena Hänninen published a paper about the psychological performance profile in occupational intoxications (Hänninen 1967). She proposed this ‘psycho-organic syndrome’ or ‘organic solvent syndrome’ as a new occupational disease. The body of CSE evidence increased in subsequent years and showed adverse neurological effects in workers exposed
to solvents. Various manifestations and findings in neuropsychological, neuroimaging, neurophysiological and neurological examinations endorse a central nervous aetiology.
The hallmark of CSE is the cognitive dysfunction whose characterization requires neuropsychological assessment. It is one of the cornerstones in the diagnostic and differential diagnostic procedure for CSE with non-specific symptoms resembling clinical features of many
non-occupational conditions. In many countries, there has been reluctance to use neuropsychological methods in occupational health. Therefore, the existence of so-called ‘painters
disease’ was considered as ‘pseudo neurotoxic disease’ by some scientists and physicians
(Spurgeon 2006).
International peer support helped in the process of recognition. The World Health Organization (WHO) organized a symposium in which long-term effects of organic solvents on the
central nervous system and a classification with diagnostic criteria were formulated (WHO
1985). Twelve years later, a publication in the Lancet (White and Proctor 1997) helped
spread knowledge on the neurotoxic effects of chronic solvent exposure in workers to a wider clinical community. This emphasized that the assessment of patients with suspected CSE
requires a multidisciplinary approach as underlined in the European consensus document on
the cognitive and neuropsychological criteria for CSE (van Valen et al., 2012).
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Parallel with the scientific recognition, public concerns on this issue were raised in some
countries, e.g. the Netherlands through the visibility of patients in the media and questions in
parliament. Patients’ organizations, supported by unions, played an important role in generating publicity and galvanizing policy-makers to action. In the Netherlands, the role of industry was interesting. Manufacturers, in the paint and ink industry, recognized the risk of CSE
at an early stage and they were the first to introduce screening programmes for their workers. On the other hand, the painters employer’s organization denied the existence of the
disease in public debate and was strongly opposed to the implementation of any preventive
measures. In Finland, the legislation and occupational healthcare system enabled the clinical
recognition of CSE as an occupational disease from 1978. Since 1990, CSE has been recognized as an occupational disease in the European list of occupational diseases, with a
supporting document as a guide for diagnosis (Information notices EU 2009). It is also included in the 2009 ILO list of occupational diseases.

A substantial reduction in the occupational exposure to solvents has been achieved in recent
years in several Western European countries, as a result of a series of legal measures and
agreements at economic sectoral level. In the Netherlands, a governmental ban on the use
of solvent-rich paint and glue for indoor activities was implemented in 2000. Through screening, new cases of CSE were detected at an earlier stage of disability both in Finland and in
the Netherlands (Furu et al., 2012; Spee et al., 2012). The recognition of these workers
leads to reduction of their solvent exposure which is likely to reduce the progress of adverse
brain effects if they do remain at work.

In the meantime, the number of new cases of CSE fell to <5 cases/year in Finland (workforce 2.5 million) and to <10 cases/year in the Netherlands (workforce 7.0 million). Figures
1 and 2 show the numbers of referrals to the ‘solvent teams’ and the number of patients diagnosed with CSE in Finland and the Netherlands. The solvent teams consist of specialists
in occupational medicine, neurology, neuropsychology, industrial hygiene and possibly consultation with a psychiatrist. The referral can be done by any doctor, often by an occupational or general health physician. Figure 2 shows a surprising finding from Finland where a
screening project (Furu et al., 2012) directed to workers in occupations with heightened risk
of CSE led to a spike in the incidence in 2012–13. The preserved work ability of these CSE
cases suggests an earlier recognition of cases which would have been detected later or
missed by more normal occupational healthcare. In the last decade in Finland, CSE has
21

been shown to have a later onset and milder cases, suggesting success in the preventative
actions, mainly the reduction of exposure levels at work (Keski-Säntti et al., 2010). Similar
findings have been encountered in other Nordic countries. In the Netherlands, the more recent detected patients have been working in 3-D jobs: dirty, dangerous, demanding, especially in sectors that are underserved with proper occupational healthcare or in relatively new
work areas such as artificial nail studios.

Figure 1: Referred and diagnosed chronic toxic encephalopathies (CSE cases) in the

Netherlands during 1997–2014.
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Figure 2: Recognized occupational chronic solvent encephalopathies at the Finnish Insti-

tute of Occupational Health in 2004–14.

Driving forces in the process of recognition were scientific progress, active scientists with
international collaboration and public action, generated by convincing case reports and visibility of sufferers in the media. This growing awareness prompted policy-makers and labour
inspectorates to enforce prevention. CSE is now more widely recognized as an occupational
disease and embedded in the European and ILO list of occupational diseases. CSE is not a
major European problem anymore because of the introduction of much stricter regulations
and the dubious practice of outsourcing of production facilities with unhealthy jobs, such as
footwear manufacturing, to countries like India, China and South East Asia. In some countries, like South Korea, the health and safety authorities are aware of this problem and take
action to prevent CSE (Kim et al., 2012). Worldwide, control of exposure and occupational
health surveillance of the early neurotoxic effects of organic solvents is still needed. This
example of CSE shows the importance of recognizing work-related diseases to accelerate
preventive measures.
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Chapter 3

Brain damage caused by exposure to organic solvents;
diagnostics and disease course
of chronic solvent-induced encephalopathy

Evelien van Valen, Moniek S.E. van Hout, Ellie M. Wekking, Annet F. Lenderink,
Gert van der Laan, Gerard Hageman

A translated and adapted version of the publication:
Hersenschade door blootstelling aan oplosmiddelen: diagnostiek en beloop van Chronisch
Toxische Encephalopathie. Ned Tijdschr Geneeskd. 2015;159:A9431
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Summary
•

Since 1997, over 3,000 patients have been referred to one of the Solvent Teams with
health problems possibly caused by chronic occupational exposure to solvents.

•

Around 500 patients were diagnosed with CTE.

•

CSE is diagnosed on the basis of five main criteria:
o relevant health problems,
o relevant exposure to solvents with a neurotoxic effect,
o relationship in time between developing symptoms and exposure to solvents
with a neurotoxic effect,
o ruling out of other causes of health problems,
o and abnormalities found during neuropsychological examination.

•

Exposure to solvents can have a lasting effect on health, which may persist for many
years after exposure has finished.

•

In most cases, health does not deteriorate to any large degree once exposure to solvents has stopped.
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Introduction
Hans is a 56-year-old car paint sprayer with over 30 years of experience in the vehicle repair
and bodywork sector. Although there is less exposure to organic solvents these days, it still
occurs. The cars are left to dry in the workshop, the filters in the carbon filter masks are not
replaced on time and the vehicles being sprayed don’t always fit into the spray booths. Hans
is finding work increasingly difficult; he’s tired and short-tempered. Instead of dashing around
the workshop, he now moves wearily from task to task, making increasingly more mistakes.
He can't remember the paint colour numbers and he works more slowly. He used to be good
at his job, but his boss now pulls him up regularly.
In Scandinavian countries, the possible harmful effects of long-term, relatively low-level exposure to solvents has been in the news since the 1970s. A definition of ‘painters’ disease’
dating from 1979 describes symptoms such as forgetfulness, loss of concentration, fatigue,
short-temper and various subtle behavioural changes, sometimes accompanied by mood
swings, orientation problems and headaches. This is a disease caused by long-term exposure to solvents (Arlien-Søborg et al., 1979; Hänninen et al., 1976).
But occupational exposure to solvents is not restricted to painters; other employees are also
exposed to solvents, including car paint sprayers, printers, cleaners and upholsterers. The
name ‘painters’ disease’ does not stretch far enough. Other terms for this disease are organic psychosyndrome (OPS), chronic toxic encephalopathy (CTE) or chronic solvent-induced
encephalopathy (CSE). Although the English term CSE is most appropriate when it comes to
solvents, for the reporting of the activities of the solvent teams we prefer the broader term
CTE, which allows it to be used also for brain damage caused by other neurotoxic substances such as lead, mercury, organophosphates, hydrogen sulphide and carbon dioxide.
In the mid-1980s, international consensus was reached about the diagnosis criteria for CSE
caused by working with solvents (WHO 1985; Baker and Seppäläinen 1986). A publication in
the Lancet 10 years later served to raise awareness of the condition in scientific and clinical
circles (White and Proctor 1997). Countless articles published since then describe the link
between the brain and behaviour, and the neurotoxicity of solvents used in the workplace
(Meyer Baron et al., 2008). Imaging research has now shown that long-term, relatively lowlevel exposure can also cause brain damage that correlates with the clinical description of
CSE: mainly slight cortical atrophy (Keski- Säntti et al.,2009; Haut et al., 2006) and damage
to the frontostriatal circuitry of the brain (Visser et al., 2008).

29

A Dutch protocol for diagnosing CSE was published in the 1990s (van der Laan et al., 1995).
Since 1997, patients have been able to go to so-called Solvent Teams for a diagnosis.
These specialist teams are based in the Academic Medical Centre in Amsterdam and the
Medical Spectrum Twente in Enschede. They comprise a company physician/clinical occupational physician, a neurologist, an occupational hygienist and a neuropsychologist. The
Solvent Teams have seen over 3,000 patients since 1997, most of whom were referred by
GPs, occupational physicians and neurologists. Around 500 patients received the diagnosis
CTE, for the majority of these patients the neurotoxic substances were organic solvents.
International classification documents have been drawn up for the diagnosis; one by the
World Health Organization (WHO) in 1985 and one based on an international workshop in
Raleigh, USA (WHO 1985; Baker and Seppäläinen 1986). Both documents distinguish between three types of CSE: Patients with type 1 only have symptoms. Those with type 2 also
show abnormalities during neuropsychological examination, and patients with type 3 have
dementia. In the Raleigh document, type 2 is split into type 2A (altered personality, emotionally unstable, impulsive behaviour, mood swings) and type 2B (loss of memory and concentration, reduced learning ability). Type 3 is extremely rare among people who have been
subjected to long-term, relatively low-level exposure to solvents. In general, Dutch CSE patients are type 2B in the Raleigh criteria or type 2 in the WHO criteria. It should be noted that
the Dutch Solvent Teams only diagnose CSE in patients who show cognitive abnormalities
during neuropsychological examination.
There have been countless national and international developments in the diagnosis of CSE
since the Dutch Solvent Team project was set up in 1997. This article describes current
practices for diagnosing CSE and new insights into the diagnosis and progression of this
disease.

Search strategy
We searched PubMed for publications about the neurotoxic effects of long-term occupational
exposure to solvents. Figure 1 is a flow chart showing our search strategy and results. We
selected the most important articles for the purposes of this article.
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("neuropsychological tests"[mesh] OR "psychological tests"[mesh] OR "cognition disorders"[mesh] OR neuro.
psychologic*[tiab]
OR cognition[tiab] OR cognitive[tiab] OR "mental impairment"[tiab] OR "intellectual impairment"[tiab])
AND ("brain diseases"[mesh] OR "solvents"[mesh] OR "Brain Damage, Chronic"[Mesh] OR "neurotoxicity syndromes"[mesh] OR solvents[tiab] OR chemically induced[tiab] OR encephalopathy[tiab] OR cse[tiab] OR toxicity[tiab])
AND ("occupational diseases"[mesh] OR occupational[tiab] OR occupations[tiab] OR workers[tiab] OR worker[tiab] OR "employment"[mesh] OR employment[tiab] OR employed[tiab] OR "occupational exposure"[mesh]).
The search filter “humans” was used

2846 articles selected from
PubMed

2846 articles screened on
title
2548 exclusiom:
No encefalopathy or neurotoxic symptoms due to
organic solvent exposure
298 articles screened on
abstract
67 articles excluded
based on abstract:
No long term exposure or:
Spanish, Russian,
Swedish, Norwegian,
Danish, Polish, Hebrew

3 articles from references
added

228 studies included

40
Evaluation
diagnostic
instruments

15
Commentory,
editorial,
classification

13
(systematic)
reviews, metaanalyses

105
Epidemiological
studies exposed
workers

6
Case studies

49
Case control
and cohort
studies CSE
patients

Figure 1 Flow chart of search strategy for articles on neurotoxic effects of long term exposure to organic solvents
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Diagnosing CSE
CSE is diagnosed on the basis of five main criteria: 1] health problems, 2] exposure to solvents with a neurotoxic effect, 3] relationship in time between developing symptoms and
exposure to solvents with a neurotoxic effect, 4] ruling out of other causes of the health problems, and 5] abnormalities found during neuropsychological examination (van Valen et al.,
2012).

Health problems
Most patients with CSE have a combination of cognitive, physical and mood symptoms. Typical symptoms are forgetfulness, loss of concentration, fatigue, personality changes with
short-temper. Other common symptoms include headaches, reduced sense of smell, depression and anxiety, over-sensitivity to alcohol and loss of libido. (Bast-Pettersen 2009;
Karlson et al., 2000, van der Hoek et al., 2001).

Level of exposure
The level of exposure to neurotoxic substances is determined by many factors, such as the
nature of the substance, the manner of usage, hygiene and the use of personal protective
equipment. As an inspection of the workplace or testing the concentration of the substance
or breakdown products in blood, urine or breathe (biological monitoring) is often impossible,
a retrospective estimate of the exposure level is made as accurately as possible.
This means that a structural history of employment is compiled for all patients. For each job,
they are asked to indicate exactly which substances they worked with, how they were used
and for how long they used them. They are asked about the availability and use of personal
protective equipment, ventilation, processing methods, whether tasks were performed in or
out of doors and how much overtime they did. Acute symptoms of intoxication serve as a
measure of peak exposure.
The occupational hygienist assesses the employment history and any extra information supplied by the patient to estimate the cumulative exposure to solvents and other neurotoxic
substances. Decisive factors include the duration of the exposure in years and hours per
week, the level of neurotoxicity of the substance, the number of litres used per hour, the
means of application, the incidence of peak exposure, use of personal protective equipment
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and ventilation/extraction. These factors are then used to calculate a total score expressed
in ‘solvent’ years, categorised as low, medium or high-level.
Until now, there has not been a solid scientific basis for a minimum level or duration of exposure to be used when assessing the development of CSE. However, more has been discovered about the role of individual sensitivity to the disease, through genetic variation, for example (Godderis et al., 2010).

Relationship in time between exposure and symptoms
Typical features of the symptoms include the insidious start and the relationship in time between exposure to the substances and presentation of the symptoms. The disease progresses slowly and gradually for as long as the patient is exposed to solvents. A person can
be exposed to solvents for many years before the first symptoms present. The history often
reveals episodes of acute intoxication during peak exposure, with symptoms such as drowsiness, a feeling of being high or drunk, dizziness or nausea.

Ruling out other causes of the symptoms
Before health problems can be put down to exposure to solvents, all other possible causes
must first be ruled out. This differential diagnosis is not only important to the reliability of the
diagnosis, but also to the patient, particularly if he or she turns out to have a condition that
can be treated.
Signs of a sleeping disorder, vascular pathology or a neurodegenerative condition must be
discounted, by means of an MRI for example. Non-specific abnormalities, such as slight cerebral atrophy or a minor abnormality in the white matter, will usually be found on MRI scans
of patients with CSE (Kesi- Säntti et al.,2009). High doses of psychiatric medication or a developmental disorder can sometimes explain the cognitive impairment.
However, the presence of these conditions does not rule out CSE: a combination diagnosis
is also possible. If a combination diagnosis seems likely, it is important to treat any disorders
that are treatable. If the cognitive impairment and symptoms continue despite successful
treatment, CSE will become more likely (van Valen et al., 2012). CSE is always a diagnosis
based on probability, and its existence is expressed as the degree of probability; e.g. ‘probably’ or ‘possible’.
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Neuropsychological examination
It has been established that cognitive symptoms rarely show a direct correlation with objective impairment during neuropsychological examination (Bast-Pettersen 2009; Karlson et al.,
2000,Bast-Pettersen 2006; Nordling Nilson et al., 2007; Slavin et al., 2010). Symptoms can
be affected by personality type, coping mechanisms, living conditions, mood. This makes it
important to substantiate the health problems with neuropsychological impairment when diagnosing CSE.
The neuropsychological examination used by the Solvent Teams is updated every year and
complies with the European recommendations for neuropsychological diagnostics for CSE
(van Valen et al., 2012). As important complicating factors, such as premorbid intellectual
performance, psychopathology and motivation, can affect performance during neuropsychological examinations, these factors are also evaluated as a matter of course.
When interpreting results for the neuropsychological diagnosis of CTE / CSE, ‘performance
validity tests’ must always be carried out to evaluate the validity of the test data. Underachievement is common in this target group for various, sometimes unfathomable, reasons
(van Hout et al., 2003). Reduced performance validity makes the results of the neuropsychological examination unreliable and means that no conclusions about cognitive impairment
may be drawn. Neither may conclusions be drawn about the conscious or subconscious nature of the under-achievement. In patients with relevant exposure and the course of the
symptoms fits within the profile of CSE the diagnosis of the solvent teams will be postponed
and a re-test is offered a year later.

Figures
Figures from Statistics Netherlands put the working population in 2016 at around 8.9 million
people. The National Working Conditions Survey provides an accurate picture of this working population. In 2016, 4.1% of the respondents claimed to work with hazardous substances, without (or with too few) solid health & safety measures (Hoofdman et al., 2017). When
extrapolated, this figure implies that around 365,000 employees are exposed to hazardous
substances at work.
Dutch legislation and regulations on the use of solvents in the workplace was tightened up in
2000. Increased awareness of safety and improved working conditions have led to a drop in
exposure to solvents among employees in our country. Serious damage to health after years
of high-level exposure, without co-morbid somatic or psychiatric disorders, has become less
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common in the patient population seen by the Solvent Teams. In the period 1997 - 2016, the
number of CTE / CSE diagnoses gradually dropped to fewer than 10 per year; the number of
intakes currently fluctuates at 130 per year (Table 1). This trend is also evident in surrounding European countries, where CSE is recognised as an official occupational disease. CSE
is becoming increasingly rare in Europe, with a national incidence of a few dozen cases per
year (see figure 2). In Finland, however, the number of diagnoses is on the increase. This
rise is due to more intensive screening for CSE among people in high-risk professions,
which means that the disease is being discovered at an earlier stage.
Table 1 shows the diagnoses made in the Netherlands. The national coverage provided by
the Solvent Teams means that these figures allow us to make a reasonable estimate of the
incidence of CTE / CSE in the Netherlands. The number of intake appointments shows that
employees and their physicians are still concerned about possible health damage caused by
occupational exposure to neurotoxic substances. In addition to confirming or ruling out a
CTE diagnosis, the Solvent Teams also give advice about safe practices when working with
neurotoxic substances and play a role in diagnosing other complex and non-complex neurological or psychiatric disorders.
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1997

257

38

6

1

45

6

1

18

9

1

80

96

Annual patients Dutch solvent teams

Intakes

CTE / CSE

CTE / CSE with psychiatric diagnosis

CTE / CSE with other somatic disease

--- total CTE / CSE diagnoses ---

Psychiatric diagnosis with possible CTE / CSE

Somatic disease with possible CTE / CSE

Other somatic or psychiatric disease

No CTE / CSE

Postponed diagnosis

Total elaborate assessment solvent teams

% solvent exposure

93

152

18

16

33

5

19

61

4

18

39

343

1998

97

239

37

36

30

5

27

104

7

22

75

267

1999

97

138

18

20

38

4

8

50

6

7

37

297

2000

96

151

43

27

32

0

3

46

2

7

37

282

2001

96

134

25

13

33

2

10

51

9

7

35

248

2002

95

91

27

15

14

2

1

32

5

5

22

228

36

2003

100

119

36

34

20

2

2

25

3

8

14

253

2004

94

76

23

14

11

1

1

26

4

2

20

214

2005

98

82

22

12

23

1

3

21

2

5

14

161

2006

98

85

21

19

17

1

4

23

4

5

14

154

2007

Table 1: Diagnosis CTE / CSE in the Netherlands of the two Dutch solvent teams from 1997-2016
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Figure 2: Number of annually registered occupational diseases with CSE etiology in northern Europe.

Progression of the disease
During intake appointments, which are part of the diagnostic process, we regularly identify
patients who show signs of type 1 CSE. Once exposure has stopped, the cognitive symptoms in these patients should start to recede. This is not true of patients with type 2 CSE. As
time goes by, it becomes increasingly clear that exposure to solvents has had a lasting effect
on the health of this group (Sabbath et al.,2014). In prospective cohort studies, people who
have been exposed to solvents at work long term develop more symptoms and neurological
abnormalities than people in a control group with no exposure to solvents, even years after
the exposure has stopped (Nordling Nilson et al., 2007, Sabbath et al., 2012). Having said
this, scientific research also indicates that the damage to health can stabilise after exposure
to solvents is stopped (van Valen et al., 2009). It is also possible that the effects of ageing
present sooner in patients with CSE, because their cognitive reserves have already been
weakened (Nordling Nilson et al., 2007; Sabbath et al., 2012).
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Little is known about prognostic factors for the progression of CSE, but younger patients with
no peak exposure in their past seem to have a better prognosis. Links have been noted between a bad prognosis for CSE and the use of psychotropic medication, lower levels of activity and being involved in legal proceedings against a former employer or insurance company
(van Valen et al., 2009).

New insights
Until now, CSE has been diagnosed using the recommendations from the 1995 protocol,
supplemented by international consensus documents with diagnostic criteria (WHO 1985;
Baker and Seppäläinen 1986). We want this ‘State of affairs’ article to ensure that the following revisions are made to help the diagnostic process and progression of CSE:
There is still no uniform cut-off point for the minimum duration or severity of exposure after
which someone may develop CSE. People's sensitivity to neurotoxic substances varies on
the basis of their genetic or epigenetic profile.
Strictly speaking, CSE is not a diagnosis per exclusionem: a patient with CSE could also
have another somatic or psychiatric condition. A combination diagnosis sometimes makes it
more difficult to estimate the probability of the diagnosis.
The Solvent Teams apply strict rules when confirming a neuropsychological disorder. This is
in line with the European consensus (van Valen et al., 2012) and deviates from the more
lenient rules set out by the WHO (WHO 1985).
It is important to carry out a ‘performance validity test’ during neuropsychological examination. If the score is below the cutoff value, the results of the neuropsychological examination
should be interpreted as ‘invalid’.
In terms of the progression of CSE, health damage stabilises after exposure to solvents has
stopped. A slight improvement is seen in some patients.

In conclusion
These days, CSE is internationally recognised as an occupational disease. CSE features on
the list of the International Labour Organisation and the European list of Occupational Diseases (European Commission 2009; ILO 2010). It is no longer a major problem in Europe
thanks to improvements in legislation, regulations and working conditions. A lot of industry
with unhealthy working conditions has moved to other countries. Some of these countries
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(such as South Korea) are now focusing attention on the harm caused by working with neurotoxic substances and action is being taken (Kim et al., 2012). Europe must remain alert to
the dangers of neurotoxic exposure in the workplace, particularly in the current climate of
changing, innovative production processes.

References
Arlien-Søborg P, Bruhn P, Gyldensted C, Melgaard B. Chronic painters’ syndrome. Chronic toxic encephalopathy in house
painters. Acta Neurol Scand 1979; 60(3):149-56
Baker EL, Seppäläinen AM. Human aspects of neurobehavioral effects. Report of the workshop session on clinical and epidemiological topics. Neurotoxicology 1986;7(4):45-56
Bast-Pettersen, R. Self-reported conceptions of memory and concentration in comparison with the neuropsychological test
performance of manual workers. Scand J Work Environ Health 2006; Suppl. 2, 41-46
Bast-Pettersen R. The neuropsychological diagnosis of chronic solvent induced encephalopathy (CSE)--a reanalysis of neuropsychological test results in a group of CSE patients diagnosed 20 years ago, based on comparisons with matched controls.
Neurotoxicology. 2009; 30:1195-201
International Labour Organisation, List of Occupational Diseases, Occupational Safety and Health Series 74, revised December
2010, Geneva, ISBN 978-92-2-123795-2
Information Notices on Occupational Diseases, a guide to diagnosis . European Commission Luxembourg: Office for Official
Publications of the European Communities, 2009, ISBN 978-92-79-11483-0
Godderis L, Maertens N, de Gelder V, De Lamper A, De Ruyck K, Vernimmen M, Bulterys S, Moens G, Thierens H, Viaene M.
Genetic Susceptibility in Solvent Induced Neurobehavioral Effects. Neurotox Res. 2010 ;17: 268-78
Hänninen H, Eskelinen L, Husman K, Nurminen M. Behavioral effects of long term exposure to a mixture of organic solvents.
Scand J Work Environ Health 1976;2(4):240-55
Haut MW, Kuwabara H, Ducatman AM, Hatfield G et al. Corpus callosum volume in railroadworkers with chronic exposure to
solvents. Journal of Occupational and Environmental medicine 2006; 48: 615-624
van der Hoek JAF, Verberk MM, van der Laan G, G Hageman. Chronische encephalopathie door oplosmiddelen; het solventteamproject. Ned Tijdschr Geneeskd 2001; 145: 256-260
Hooftman WE, Mars GMJ, Janssen B, de Vroome EMM, Pleijers AJSF, Michiels JJM, van den Bossche SNJ. Nationale enquete arbeidsomstandigheden 2016. ISBN: 978-90-5986-484-9 © 2017 TNO | CBS: Leiden, Heerlen
van Hout MSE, Wekking EM, Hageman G, Deelman BG. Suboptimal performance on neuropsychological tests in patients with
chronic toxic encephalopathy. Neurotoxicology 2003: 2494-5) 547-551
Karlson B, Österberg K, Ørbæk P. Euroquest: the validity of a new symptom questionnaire. Neurotoxicology. 2000; 21:783Keski- Säntti P, Mäntyla R, Lamminen A et al. Magnetic resonance imaging in occupational chronic solvent encephalopathy. Int
Arch Occup Environ Health 2009; 82: 595-602
Kim, Yangho, Jae Woo Kim. “Toxic Encephalopathy.” Safety and Health at Work 3.4 (2012): 243–256. PMC. Web. 1 Dec.
2014.
Laan G. van der, R. van Dun, Y. Roos, T. Huy, E. Wekking, J. Hooisma, B. Kulig, H. Emmen, A. Monster, F de Wolf "Organisch
Psycho Syndroom door oplosmiddelen ? Een protocol voor de diagnostiek Min SWZ S186 1995

39

Meyer-Baron M, Blaszkewicz M, Henke H, Knapp G, Muttray A, Schäper M, van Thriel C. The impact of solvent mixtures on
neurobehavioral performance-conclusions from epidemiological data. Neurotoxicology 2008;29:349-60
Nordling Nilson L, Barregård L, Sällsten G, Hagberg S. Self-reported symptoms and their effects on cognitive functioning in
workers with past exposure to solvent-based glues: an 18-year follow-up. In Arch Occup Environ Health 2007; 81:69-79
Sabbath EL, Gutierrez LA, Okechukwu CA et al. Time may not fully attenuate solvent- associated cognitive deficits in highly
exposed workers. Neurology 2014; 82: 1716-1723
Sabbath EL, Glymour MM, Berr C, Singh- Manoux A et al. Occupational solvent exposure and cognition. Neurology 2012; 78:
1754-1760
Slavin MJ, Brodaty H, Kochan NA, Crawford JD, Trollor JN, Draper B, Sachdev PS. Prevalence and predictors of “subjective
cognitive complaints” in the Sydney Memory and Ageing Study. Am J Geriatr Psychiatry. 2010;18:701-10
van Valen E, Wekking E, van der Laan G, Sprangers M, van Dijk F. The course of Chronic Solvent induced Encephalopathy: a
systematic review. Neurotoxicology 2009;30:1172-86
van Valen E, van Thriel C, Akila R, Nordling Nilson L, Bast-Pettersen R, Saino M, van Dijk F, van der Laan G, Verberk MM,
Wekking E. Chronic solvent- induced encephalopathy: European consensus of neuropsychological characteristics, assessment, and guidelines for diagnostics. Neurotoxicology 2012; 33: 710-726
Visser I, Lavini C, Booij J, Reneman L, Majoie C, de Boer AG, Wekking EM, de Joode EA, van der Laan G, van Dijk FJ, Schene AH, Den Heeten GJ. Cerebral impairment in solvent-induced ecephalopathy. Ann Neurol. 2008;63(5):572-80
White RF, Proctor SP, Solvents and neurotoxicity. Lancet 1997;349:1239-43.
World Health Organization (WHO) Environmental Health 5-Chronic effects of organic solvents on the central nervous system
and diagnostic criteria. Copenhagen: WHO 1985

40

Chapter 4

A screening programme on chronic solvent-induced
encephalopathy among Dutch painters

Ton Spee, Evelien van Valen, Cor van Duivenbooden, Gert van der Laan
Neurotoxicology 2012; 33:727-33

41

Abstract
Background: Long-term exposure to organic solvents may lead to chronic solvent induced
encephalopathy (CSE) in painters. In combination with reduction of exposure, a workers’
health surveillance programme was developed, resulting in a three-stage CSE screening
procedure for early neurobehavioural changes possibly predicting chronic health effects. The
screening consists of a questionnaire (Neurosymptom Screening Checklist 60, NSC-60),
computerised neurobehavioural functioning testing (Neurobehavioural Evaluation System;
NES2) and multidisciplinary differential diagnostic evaluation by experts (called ‘Solvent
Team’). Results from the screening were compared with the results of the ‘care as usual’
(CAU), in which symptomatic patients were referred directly to the Solvent Team by occupational physicians, general practitioners or medical specialists. Parallel to the screening programme, a legal ban on indoor use of solvent-based paints resulted in lower exposure to
solvents. Objective: To investigate the usefulness of the NSC-60 questionnaire as a screening tool for CSE among painters and to investigate the course of the number of CSE cases
over the years as a potential consequence of improved prevention and control.

Results: From 1998 to 2004, more than 40,000 painters were invited to participate in a
health surveillance programme including a periodical occupational health examination (PHE)
and 50% did participate. Four percent (N = 794) of these had a positive score on the NSC60. The Solvent Team assessed 101 of these for CSE, which resulted in 27 CSE cases diagnosed. CAU during the same period of the surveillance (1998–2004) yielded 619 painters
and 75 of these had the diagnosis CSE. After 2002 the number of CSE diagnosed cases
dropped considerably and in 2004 only one case of CSE could be diagnosed. The substantially lower prevalence of CSE diagnosed cases in painters after 2002 might partly be explained as a result of a successful participation in the screening procedure of most prevalent
CSE cases during the years 1998–2002. A second reason for the reduction of new diagnosed cases of CSE can be the effectiveness of the ban on indoor use of solvent-based
paints resulting in lower exposure levels at work.

Conclusion: The screening procedure is useful to screen for CSE among people taking part
in the PHE programme. Control of CSE can be achieved by an integrated preventive approach with reduction of exposure and screening on early health effects.
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Introduction
In the construction industry organic solvents can be found in paints, dyes, adhesives, sealants, cleaning agents, etc. Commonly used solvents include alcohols (methanol, ethanol,
isopropanol, glycols), aromatic hydrocarbons (toluene, xylene), solvent mixtures (turpentine,
white spirits), chlorinated solvents (methylene chloride), glycolethers/-esters and ketones1.
Although in several occupations exposure to solvents occurs, painters are the professional
group where in the Netherlands solvent exposure received most attention. Studies in Scandinavia in the 1970s and 1980s suggested that long term, high level solvent exposure might
be associated with a syndrome of personality change, memory loss and neurological deficits
variously termed as chronic solvent induced encephalopathy (CSE), psycho-organic syndrome, solvent neurotoxicity, chronic toxic encephalopathy, etc. (Axelson et al., 1976;
Hogstedt, 1994; Baker, 1994). In 1970s in the Nordic countries it was called the ‘‘painters
disease’’. Since then solvent neurotoxicity has been studied extensively reviewed (White and
Proctor, 1997) and debated (Spurgeon, 2006)1. Recent, well-designed studies suggest that
in heavily exposed workers, solvents may have subtle effects on cognitive function1.
The cognitive domains affected by solvent exposures include attention, verbal memory, and
visuospatial skills (Nilson et al., 2003; Dick, 2006)1. Neuroimaging techniques show pronounced disturbances within the frontostriatothalmic (FST) circuitry in CSE patients, related
to the clinical findings and to the severity of exposure (Visser et al., 2008). There is some
evidence that solvent neurotoxicity is more common among those with at least 10 years of
occupational exposure to solvents (Keski-Säntti et al., 2010). Whether the important determinant of adverse effects is the lifetime (cumulative) exposure, the intensity of exposure or
peaks of exposure remains unclear (Dick, 2006). The World Health Organisation distinguishes three stages of the CSE syndrome (WHO, 1985). The first stage is limited to specific
neurasthenic complaints and will gradually disappear if the exposure to organic solvents is
stopped. The second stage includes neurasthenic complaints and objective mild cognitive
disorders; reversibility of the cognitive disorders after cessation of exposure is variable. In
the third stage there are severe neurological and cognitive disorders, such as severe amnesia, early dementia and change of personality. These disorders are in general irreversible
(WHO, 1985).
In 1990s the question was raised by the Dutch unions: ‘‘Is CSE just a Nordic European phenomenon or does it also exist in the Dutch construction industry’’? During the last decades,
several studies were completed among painters in the Dutch construction industry (summarised in Burstyn and Kromhout, 2002). Working in small spaces (<50 m3), working with a
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roller and spray painting were important determinants of high exposure. Screening for CSE
might be effective to catch workers at risk of CSE as shown by Kaukiainen et al. (2009). A
screening procedure, consisting of questionnaire screening with the Neurosymptom Screening Checklist 60 (NSC-60), eventually followed by administering a series neuropsychological
tests and referral to a specialist team, was introduced to find CSE cases among painters in
the Netherlands. The aim of this study was to investigate the usefulness of the NSC-60
questionnaire as a screening tool for CSE among painters. This led to the following research
questions:
– How many painters with a positive score on the NSC-60 appeared to have CSE?
– Did the screening procedure yield less false positive results compared to care as usual
(CAU)?
– How many painters scoring negative on the NSC-60 appeared to have CSE when later
referred via CAU?
– Did the screening procedure help to determine CSE at an earlier (less severe) stage compared to referral via a physician?
Also, the study allowed us to investigate the course of the number of CSE cases over the
years as a potential consequence of improved prevention and control.

Materials and methods
Study population and screening procedure
All workers in the construction industry are entitled to participate in a workers’ health surveillance programme including a periodical occupational health examination (PHE) every 2 or 4
years depending on their age. In the years 1998–2004, together with that health examination
screening on CSE was offered to all painters. Together with the invitation to the PHE an information leaflet was sent to explain the purpose and the procedure of the screening procedure. In the follow-up letter the result was communicated and when the result was positive,
the purpose and the procedure of the next activities (Neurobehavioural Evaluation System
(NES2) test and eventually referral to the Solvent Team) were explained
once more. Participation was entirely voluntary at all stages of the procedure. During the
study period, 20,368 painters participated in the procedure.
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Study population, CAU
Not all painters were referred to the Solvent Team by means of the screening procedure for
several reasons. Not everybody participated in the (voluntary) PHE, as some painters fall
under a different Collective Labour Agreement and some painters does not work due to unemployment or disability. These painters were referred to the Solvent Team by general practitioners or specialist doctors. The study population for this group consisted of painters referred to the Solvent Team via CAU in the same period (1998–2004).

Diagnosis procedure, CAU
Stage 1: intake procedure
Stage 1 is conducted by a specialist in occupational health. Patients are included into the
next stage if they met the following criteria:
1. Sufficient (i.e. 5 solvent-years) long-term occupational exposure to organic solvents.
2. Symptoms and complaints that fit within the clinical picture ofCSE.
3. Temporal relationship between exposure and onset of symptoms.
4. No other obvious somatic or psychiatric explanations for the symptoms.
Data are collected by interview with the specialist in occupational health, protocol exposure
assessment by an occupational hygienist, and laboratory blood tests.

Stage 2: NSC-60 and NES2
Patients that passed stage 1 of the CAU consecutively completed the NSC-60 and Neurobehavioural Evaluation System (NES2; Baker and Letz, 1985) (Digital Memory Span forward, Digital Memory Span backward, Symbol Digit Substitution, Color Word Vigilance, Simple Reaction Time, Hand Eye Coordination, Fingertapping). The system is managed by TNO
in the Netherlands and they also own the database with reference data. Patients were included into stage 3 if at least either: (i) abnormal score was found below the 5th percentile or
(ii) abnormal score was found below the 16th percentile on the seven NES2 subtests. The
NSC-60 was used for characterisation purposes only. 2.3.3. Stage 3: neuropsychological
assessment and neurological examination
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In stage 3, a neurological examination was performed to rule out differential diagnosis not
found earlier in stage 1. The neuropsychological assessment was conducted during 2 days
within seven consecutive days. The neuropsychological assessment consisted of 18 standardised neuropsychological (sub)tests, each belonging to one of the four domains: (a)
memory and learning (Dutch California Verbal Learning Test, Mulder et al., 1996; Rivermead
Stories, Schmand et al., 2004; Wechsler Memory Scale-Revised, Elwood, 1991; Warrington
Faces, Warrington, 1984); (b) attention (Trailmaking, Schmand et al., 2004; Stroop Color
Word test, Schmand et al., 2004); (c) fine motor performance (Grooved Pegboard, Heaton et
al., 1986) and (d) visuoconstructive (Wechsler Adult Intelligence Scale-revised, Wechsler,
1981; Rey Complex Figure Test, Visser, 1970) and verbal ability (Verbal Fluency, Luteijn
and van der Ploeg, 1983). The test scores of the NES2 were included in the four domains as
follows: (a) memory and learning (Digital Memory Span forward, Digital Memory Span backward); (b) attention (Symbol Digit Substitution, Color Word Vigilance); (c) fine motor performance (Simple Reaction Time, Fingertapping). A neuropsychological impairment score was
calculated for each individual patient (range 0–1), using the procedure as proposed by
the European consensus group on neuropsychological assessment for CSE (van Valen et
al., 2012). For a more detailed description of this method in the Dutch clinical practice of the
both Solvent Teams, see van Valen et al. (2012). All included patients showed (at least)
psychomotor impairment and/or memory impairment as assessed with the NES2 (Baker and
Letz, 1985), together with one or more other impaired domains as assessed with standardized neuropsychological tests (memory and learning, attention, motor speed and visuoconstructive and verbal ability). This is in line with the diagnostic requirements of the WHO
(1985).

Suboptimal performance during neuropsychological test performance was measured according to the cut-off criteria based of the Test of Memory Malingering (TOMM; all three subtests,
cut-off: 45 on the third subtest) and the Amsterdam Short Term Memory Test (ASTM; cut-off:
81; Tombaugh, 1996; Schmand et al., 1999). For both tests cut-off scores were chosen to
ensure a high specificity of 99%. A diagnosis of CSE was made by consensus at the multidisciplinary team meeting, the so-called ‘‘Solvent Team meeting’’. Patients that were diagnosed as having CSE met the criteria 1–4 at stage 1 and met the criteria of stage 3; objectified neuropsychological impairment that fits within the clinical picture of CSE as described by
the European consensus group on neuropsychological assessment of CSE (van Valen et al.,
2012).
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Screening and diagnosis procedure, screening procedure
Step 1: administration of a questionnaire, the ‘‘NSC-60’’ (Neurotoxic Symptom Checklist)
Developed by TNO and Arbouw, the Dutch expertise and service centre for working conditions in the construction industry (Hooisma and Emmen, 1992). The NSC-60 questionnaire
contains 60 questions divided into 10 groups. Nine of these are meant to determine disorders associated with solvent exposure. The last group contains control questions to correct
for bias due to personality disorders not associated with solvents. In the period that the
questionnaire was developed, there was only a small group of well-diagnosed CSE patients
in the Netherlands. So, 80 uraemia patients who were under haemodialysis treatment have
been chosen for the validation of the questionnaire as they can develop neuropsychological
disorders comparable to CSE. The control group consisted of 93 bricklayers, matched for
age. The validation study, however, showed a considerable overlap between uraemia patients and controls. A high sensitivity would then lead to many false positive outcomes.
Therefore, cut off points for the reply categories were chosen to achieve a specificity of .9.
When a painter has a deviant score on the NSC-60 questionnaire, he enters the next step of
the procedure.

Step 2: administration of the NES2
Six occupational health services (OHS) in the Netherlands are specialized in the administration of the neurobehavioural tests described above. The test procedure takes an hour using
a standalone personal computer. Arbouw reports to the employee when consultation by a
so-called ‘‘Solvent Team’’ is warranted.

Step 3: neuropsychological assessment and neurological examination
The third step is identical for both procedures. It takes about a year to complete all referrals
of this procedure.

Data collection and data analysis
Data collection and data analysis, screening procedure
All participants in the NSC-60 and the follow-up activities received the result of the assessment by letter. The letters contained a code that stood for a negative or a positive result:
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deviant score on NSC-60 or NES2, or CSE diagnosis. Each participant has a unique number
that is used for all occupational health activities. The participants’ numbers and the codes of
the results were collected in an excel database. Calculations were made in MS Excel1. From
1998 to 2004, 87 employees have completed the NSC-60 twice and 9 employees did this
three times. When all results were negative, the result was counted as one negative result.
When one or more results were positive, the result was counted as one positive result.

Data collection and data analysis, CAU
Patients referred to the Dutch Solvent Team with an occupation as housepainter, construction painter, or maintenance painter were retrieved from the general SPSS database and
included in this study.

The following research questions were analyzed:
– Do painters from the screening procedure differ from painters referred by CAU, with respect to demographic variables, number of CSE diagnoses and neuropsychological characteristics?
– Do painters from screening procedure differ from painters referred by occupational physicians, with respect to demographic variables, number of CSE diagnoses and neuropsychological characteristics?
For the data analysis SPSS 18.0 was used. The number of CSE diagnoses per subgroup
was analyzed using Chi-square tests and the neuropsychological characteristics of the different groups were compared using ANOVA procedure.

Results
Results from the screening procedure
The results of the screening procedure are mentioned in Fig. 1. From 1997 to 2004, 41,082
painters have been invited for a PHE. 20,368 (50%) of them showed up and were screened
for CSE. Of the participants, 794 (4%) had a deviant score on the NSC-60 questionnaire.
After an invitation for a follow up examination 280 (35%) of them did not reply at all and 125
(16%) replied that they wanted no further diagnosis, leaving 389 persons taking part in the
NES2 test. A deviant score in the NES2 test has been found in 129 (32%) of these partici-
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pants. From these, again 27 refused further diagnosis, leaving 102 persons referred to the
Solvent Team. One of these is assessed for CSE in Belgium and was not included in the
further analysis, leaving 101 persons for CSE diagnosis.

No-show and refusers
Half of the painters invited for the PHE did not showed up. During the next steps in the diagnosis, 432 (54%) of the painters did not showed up or refused further diagnostic activities at
successive steps. The painters who did not showed up for the NES2 test or refused further
activities received a letter with a reply form asking to specify the reason for their decision.
172 forms (40%) were returned. The results are shown in Table 1. Most people considered
further diagnosis not necessary. Problems with the travel time or travel costs ranked second.
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Sensitivity of the NSC-60 questionnaire
The cut-off points for the NSC-60 questionnaire were chosen to achieve a high specificity.
However, this may lead to a low sensitivity and, as a result, missing CSE cases at the first
step of the procedure. To gain more insight in this potentially serious problem, all files of the
CSE cases from one of the two Solvent Teams found by CAU were examined. Two persons
appeared to have taken part in the screening procedure. One of these had a positive score
on the NSC-60 questionnaire, but due to an administrative error this person was not referred. The other had a negative score but was in fact positive. So from the 19,574 persons
with a negative score on the NSC-60 questionnaire, one true false negative was traced.

Results from CSE assessment by the Solvent Teams
The results of CSE assessment from the Solvent Team are shown in Fig. 2. From 1998 to
2005, 720 painters were assessed by the Solvent Team. From these, 101 were referred via
the screening procedure and 619 were referred via CAU. Their working situation was as follows: 47.5% of the people referred via the screening procedure still worked as a painter,
while for the people referred via CAU was 28.6%. The other persons were at sick leave, entirely or partly disabled to work, had found other work or were unemployed. For 4.0% and
1.8%, respectively, the working situation was unknown.
Most painters referred to the Solvent Teams did not take part in the screening procedure.
One reason is that they already had consulted a general practitioner for their complaints.
Another reason is that painters like those working in the metal industry, shipbuilding industry,
or working for housing corporations, do not take part in the Collective Labour Agreement for
construction industry painters. Furthermore, only 50% of the painters who are entitled to a
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PHE actually showed up. In fact, 35 cases of CSE among painters entitled to a PHE were
found in the ‘CAU’ group, because they had not taken part in the PHE programme. From the
painters referred by the screening procedure, 27 (27%) had a positive diagnosis for CSE.
For referral by CAU this figure was 75 (12%). The two groups did not differ significantly in
age or in outcome of the neuropsychological tests (results not shown). However, the difference in suboptimal performance was significant (screening procedure: 24/83, CAU: 139/285,
p = .003).

The results of the assessment by the screening procedure on an annual basis are mentioned in Table 2. The course of CSE cases is as expected. Painters are entitled to a PHE
every 4 years (2 years from the age of 45) and the full diagnosis procedure takes about 1
year. So, ‘old’, prevalent cases of CSE are found during the first 5 years, leading to the relatively high prevalence figures during that period. After this time, either new CSE cases, or
CSE cases among persons who missed the former PHE will be found. During the first year
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(1998), a low prevalence is expected because few people have yet passed the full procedure. Then, 4 years of a higher prevalence should come. Afterwards, all painters did have
the opportunity of a PHE and the number of cases should drop.

After 5 years, the number of CSE cases dropped to 11.1% in 2003 and one case (3.7%) in
2004. Referral by CAU was further split into two groups: referral via an occupational physician and referral via a general practitioner or a specialist. The results are shown in Fig. 3.
Occupational physicians did refer 121 painters. Twenty (16%) of these had a positive diagnosis for CSE. General practitioners or specialist doctors referred 498 painters to the Solvent
Team. Of these, 55 (11%) had a positive diagnosis for CSE. Referral by an occupational
physician is also compared to referral via the screening procedure.
The group referred via the screening procedure is significantly older than the group referred
by occupational physicians: 50.0 _ 7.2 versus 47.5 _ 7.7 years, p = .043. The results of the
neuropsychological tests are mentioned in Table 3. Corrected for age, at two out of four domain painters referred via the occupational physician show more severe complaints, compared to painters referred via the screening procedure. Also for the total score (total cognitive impairment) this difference is significant (p = .035). 3.5. CSE cases over the years The
screening procedure was performed from 1998 to 1st January 2005. As shown in Table 2,
the number of CSE cases drops after 2002. This trend continued after 2004. From 2005 to
end 2007, three painters falling under the painters Collective Labour Agreement were referred to the Solvent Team by occupational physician, all being diagnosed as negative.
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Discussion
Usefulness of the screening procedure
The screening procedure has led to a positive CSE diagnosis in 27% of the painters referred. For referral via CAU this figure was 12%. So at a first sight the screening procedure
seems more efficient than CAU. Upon CAU, 334 persons (54%) were not diagnosed for reasons specified in Fig. 2. For the screening procedure this figure was 18 (18%) persons. The
screening procedure yields less people with ‘general’ psychological problems who are referred to the Solvent Team to exclude CSE rather than to diagnose this. This might be a
population effect: the painter population is a big and in a vast majority healthy population,
whereas painters referred via CAU already have complaints. This is reflected by the difference in numbers of persons who do not work as a painter anymore, most of whom are at
sick or disability leave. For the group referred via the screening procedure this is 48.5%,
while for the group referred via CAU this is 69.6%. Further consideration of Fig. 2 learns that
less people referred via the screening procedure show significantly more suboptimal performance compared to people referred via CAU: 29% versus 49% of the persons that underwent neuropsychological and neurological examination. This may be due to the same effect
as mentioned above. For those persons who came into the last step of the diagnosis procedure, diagnosis by the Solvent Team, the differences are small. The screening procedure
yielded 46% positive diagnoses, CAU 51%. This is as expected. At this stage, large difference would not be expected because in the last step the selection based on the NES2 tests
takes place identically for both groups. There is some indication that painters referred by
occupational physicians show more severe neuropsychological disorders compared to
painters referred via the screening procedure. This could be an indication that the screening
procedure may be able to select CSE patients at an earlier stage. However, this effect was
not visible when the screening procedure was compared to referral via all physicians. So if
this difference is real, it should be small.
A limitation of the study is the lack of information of the population size of the PHE and CAU
cases. The Dutch Central Bureau of Statistics (CBS) has counted 33,832 painters in 2006
http://statline.cbs.nl/StatWeb/publication-(accessed21.03.12)) but there were already over
40,000 painters with a unique social security number invited for a PHE. This might be due to
the relatively high turnover of people entering and leaving their profession in the construction
industry. It must be kept in mind that the study has lasted 7 years. We cannot simply take
the number of no-shows as the denominator for the CAU group, because an unknown number of painters is connected to other Collective Labour Agreements. Also, we do not know
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the denominator of the screening procedure group exactly, because we do not know the
number of CSE cases among no-shows and refusers in the second and third step of the procedure. However, we still can compare the number of CSE cases found among the screening group and the CAU group. So the aim of the study, to assess the usefulness of the NSC60 questionnaire as a screening as a screening tool for CSE among painters, is not affected
by this limitation. Another limitation of the study is that there is no information about undiagnosed cases. In an ideal world, a control study would have been done among people scoring
negative on the NSC-60 to assess the sensitivity of the NSC-60. However, as only 3% of all
persons with a positive score on the NSC-60 actually appeared to have CSE and the expectation is that this number will at least not be higher among people with a negative score,
several hundreds of painters should have been invited for the NES2 and the neuropsychological assessment and examination. This will be a considerable burden, for the employers
in terms of productivity loss, for the employees in terms of uncertainty about the outcome,
and for the Solvent Team in terms of chasing negative results. Therefore, the decision was
taken to examine the files of the CSE cases found by referral not via the screening procedure to assess the usefulness of the NSC-60. CSE is well known among medical professionals, so cases missed in the screening procedure should show up via CAU. It is reassuring that only one false negative case could be traced and that the number of false positive
cases (after correction for population effects) is comparable to that of referral via CAU. This
makes the screening procedure a useful instrument for a first screening of large groups of
potentially exposed painters and to avoid unnecessary referral to the Solvent Team. Questionnaire screening has several advantages. It is cheap, fast, can be done from home and is
non-invasive. Especially at places where access to occupational health care is limited the
NSC-60 can be very useful to assess potential CSE cases, e.g. via basic health care posts.
It must be kept in mind however that questionnaire screening has an important limitation
which may become more visible in the near future: free movement of labour within the European Union attracts people who are not capable to read the language of the land where they
work. This may limit the possibilities of questionnaire severely. The same holds for illiterates
of course. Also, the PHE is entirely voluntary. People not showing up at the PHE, will be
missed in the next steps of the procedure. This is reflected by the fact that in the ‘CAU’
group, 35 of the painters were entitled to a PHE, but did not showed up. So the weak step in
the procedure is not a supposed low sensitivity of the NSC-60 questionnaire, but failing to
show up for the PHE. There is no way to enforce a higher participation. The only way to find
more of the CSE cases would be to find a way to stimulate participation.
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Course of CSE cases over the years
The screening programme does not help to detect CSE cases at a stage early enough to act
as a preventive instrument. Rigorous reduction of solvent exposure for all painters is the
most appropriate way to prevent new CSE cases. This is affected by a legal ban on the use
of solvent-based paints indoors in the Netherlands from 1st January 2000. The number of
CSE cases found via the screening procedure drops after 2002. From 2005 to 2007, no new
CSE cases were diagnosed at all among painters entitled to a PHE. Apart from the earlier
mentioned effect of the 4 years PHE cycle on the prevalence, the ban on indoor use of solvent-based paints may have helped to reduce the number of new CSE cases.

Difference between referral via occupational physicians or via general/specialist
practitioners
The difference between referral via occupational physicians or via general/specialist practitioners is interesting. Occupational physicians referred 29 persons, 20 (69%) were positively
diagnosed. For general/specialist practitioners these figures were 117 persons, 55 (47%)
were positively diagnosed. The explanation might be that the occupational physician has
more specific knowledge of working conditions and so makes a more realistic decision for
referral.

Conclusions
Painters are at risk for developing CSE by indoor use of solvent-based paints. In this paper
we showed that:
-

The screening procedure is useful to screen for CSE among people taking part in the
PHE programme. Advantages of the screening procedure with the NSC-60 questionnaire as a first step are that it is cheap, fast, can be done from home and is noninvasive.

-

27% of the painters referred by the screening procedure appear to have CSE. For referral via CAU this is 12%.

-

The screening procedure yields less cases of suboptimal performance compared to
CAU. After elimination of these cases, there is no more difference in effectiveness
between the screening procedure and CAU.
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-

The NSC-60 questionnaire yields few false negative cases. One painter scoring negative on the NSC-60 appeared to have CSE when later referred via CAU.

-

CSE cases found by referral by occupational physicians were somewhat more severe
than cases found by the here step procedure. However, this was not the case when
all referrals by CAU were compared to the screening procedure. So when there is an
effect at all, it will be small.

-

Occupational physicians have a more effective referral behavior to the Solvent Team
than general practitioners/medical specialists.

-

Control of CSE can be achieved by an integrated preventive approach with reduction
of exposure and screening on early health effects.

Addendum:
1.

The original phrases were earlier published by the first autor in: van Thienen G, Spee T.

Health effects of construction materials and construction products. Tijdschrift voor
toegepaste arbowetenschap 2008;1: 2-23
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Abstract
For the diagnosis of patients suspected of chronic solvent-induced encephalopathy (CSE), it
would be helpful if the applied cognitive tests show a characteristic profile of impairment in
this disease. We investigated the existence of such a profile. In 1997 – 2006 two expert
teams in The Netherlands systematically examined 2370 patients referred for evaluation of
suspected CSE. The procedure included two selection steps: (1) intake interview, using criteria of exposure, development of symptoms and absence of non-solvent causes, and (2)
seven tests of the computerized Neurobehavioral Evaluation System (NES); patients showing negligible impairments were considered free from CSE and were not further examined.
The third step comprised a neuropsychological, neurological and exposure evaluation.
Explicit decision rules for the diagnosis of CSE have been developed, including a minimum
score for cognitive impairment summarizing 25 cognitive tests. These rules were retrospectively applied to 563 patients, comprising 513 patients who had regularly completed all diagnostic steps and a sample of 50 out of the approximately 450 patients with negligible impairments on the NES, who were purposely fully examined. The data of this sample were
extrapolated to the original number of 450. In the combined population of 963 patients, a
calculated 301 patients were given the diagnosis ‘Solely CSE’, 242 ‘CSE and other disease’,
158 ‘Other Disease’ and 262 ‘No (known) disease’. In the Solely CSE patients the most impaired tests regarded Verbal Fluency & -Similarities, Motor Speed and Simple Attention.
A profile of test results that might support the identification of patients with CSE amongst the
other referred patients, was not found. The diverging results of related cognitive tests indicate that the use of a core test battery is needed to improve comparability. We consider the
decision rules as a step towards a more objective assessment of CSE.

Keywords: chronic solvent-induced encephalopathy; solvent; toxic encephalopathy; diagnosis; cognitive; neuropsychology; neurotoxicology
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Introduction
Long-term exposure to organic solvents may cause a chronic encephalopathy, often labelled
chronic solvent-induced encephalopathy (CSE), if the exposure has been sufficiently high
and enduring. According to World Health Organization (WHO, 1985) the most common
symptoms are ‘increased fatigue, bad memory, concentration difficulties and personality
changes’. In 1985, diagnostic criteria and two international classifications for CSE have been
introduced. The WHO (1985) diagnostic criteria require: ‘a. a verified exposure to neurotoxic
solvents; b. a clinical picture of organic nervous system damage with typical subjective
symptoms and c. objective findings in clinical and auxiliary examinations, and d. other organic diseases and primary psychiatric diseases reasonably well excluded’. WHO classifies the
effects of solvents on the central nervous system in three stages: ‘organic affective syndrome’ (type I), ‘mild chronic toxic encephalopathy’ (type II), and ‘severe chronic toxic encephalopathy’ (type III). Somewhat different, the Raleigh classification (Baker and
Seppäläinen, 1986) recognizes four stages: ‘symptoms only’ (type 1), ‘sustained personality
or mood change’ (type 2A), ‘impairment of intellectual function’ (type 2B), and ‘dementia’
(type 3).
The Diagnostic and Statistical Manual (DSM-IV-TR, American Psychiatric Association, 2000)
mentions '292.82 inhalant-induced persisting dementia’ and '292.84 inhalant-induced mood
disorder’. The International Classification of Diseases (ICD-10, WHO, 1992) mentions F 18.7
'mental and behavioural disorders due to use of volatile solvents; residual and late-onset
psychotic disorder'. Although CSE is included in the European Union list of Occupational
Diseases (European Commission, 2003), diverging protocols are used for the diagnosis (van
der Hoek et al., 2001).
The article ‘Chronic Solvent-induced Encephalopathy: European consensus of neuropsychological assessment, characteristics, and guidelines for diagnostics’ published by a European
Consensus Group (Van Valen et al., 2012) includes a literature review of 19 articles on neuropsychological impairments in patients diagnosed with CSE. The feasibility of these articles
is limited due to unspecific diagnostic criteria, a wide variety of tests that are used, small
sample sizes and questionable reference data. A widely acceptable standardized diagnostic
approach for CSE, including a quantifying diagnostic protocol for cognitive impairment, may
contribute to better patient care, comparability of incidences, and support a policy for disease compensation and prevention, especially in places where solvent exposure is still high.
A standardized approach may also facilitate evaluation of exposure-response relationships,
e.g. in cohort studies. In the absence of a golden standard that specifies detailed criteria for
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the diagnosis of CSE, such an approach inevitably must be a consensus product such as
developed by the European Consensus Group for the neuropsychological aspects of CSE.
This paper intends to supply information relevant for the diagnostic evaluation of patients
referred for suspected CSE. Since 1997 two collaborating centers in the Netherlands have
systematically evaluated these patients and the experience is reported that was obtained by
the analysis of the database containing data from 2370 patients in the years 1997-2006.
Because of the initially large number of referred patients and the limited resources, the diagnostic procedure comprised three consecutive steps, each excluding patients not meeting
criteria for CSE. In the present paper, the patients who succesfully completed all three steps,
were given a summary score of cognitive impairment (CogImp) based on 25 cognitive tests.
We investigated the following questions.
1. Do patients diagnosed as having CSE, show a cognitive profile that discerns them from
the other patients referred for assessment of CSE?
By 'profile' is meant the pattern of scores of the individual tests or functional (sub)domains.
In this study question two elements can be discerned: do CSE patients have a different profile compared to healthy subjects? and: does a profile in CSE patients discern them from the
other patients referred for assessment of CSE? While the first element is relevant especially
for health surveillance of exposed workers, the second one is predominant for centers where
patients suspected of CSE are referred to. This study focuses on the existence of a profile
that supports correct classification of patients with CSE among the total group referred for
assessment of CSE. To this end the patients are classified into four diagnostic groups using
criteria of exposure and effect irrespective of a profile; consecutively we investigate whether
the patients with solely CSE have a specific profile of impairments compared to the patients
with no known disease or with another disease.

2. What is the contribution of the individual cognitive tests to the summary CogImp score?
As the sensitivity of the tests to detect impairments, e.g. due to CSE, may differ, a test battery with sensitive tests will label more patients as having CSE compared to an insensitive
test battery.
The endnotes refer to supplemental material present on www.<site neurotoxicology>.
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Methods
Patients
From 1997 till 2006, 2370 patients (mean age 47 yrs, 96% male) were referred to the two
diagnostic teams for evaluation of possible CSE, most of them by their general practitioner
(54%) or occupational physician (23%). At the intake, 42% were still working, the majority
being exposed to solvents, 20% were on long-term sick leave and 23% received a permanent disability pension. The more prevalent occupations were housepainter (29%), printer
(11%), car sprayer (11%) and industrial painter (8%). An estimated 95% of the patients was
of Dutch origin.

Diagnostic protocol
In step-1 a specialist in occupational medicine or neurology assessed the symptoms, and
the medical and occupational history by means of a semi-structured interview. To enter step2 the patient had to have: 1. At least five years of solvent exposure to amounts supposed to
be sufficient for CSE; in case of apparently high concentrations a shorter period sufficed. 2.
Symptoms of impairment of memory or attention that fit in time with respect to exposure. 3.
No evident other explanation for the symptoms; to this end also a set of blood tests was
done to exclude metabolic causes: analysis of hemoglobin, electrolytes, thyroid stimulating
hormone, glucose, calcium, folate, vitamins B1 and B12 and leukocyte count. If an abnormality appeared, the patient was referred for regular diagnostic and therapeutic work-up. If the
symptoms remained after treatment, the patient was allowed to step-2.
In step-2, the patient completed the self-report questionnaire ‘Neurotoxic Symptom Checklist-60’ (NSC-60, Hooisma et al, 1994) and eight tests of the Dutch adaptation of the computer-based Neurobehavioral Evaluation System-2 (NES2, duration approx. 1 hour, Hooisma
et al, 1990). Table 1 shows the NES and the other tests applied in this study, categorized in
(sub)domains. The NES vocabulary score (a proxy for pre-morbid intelligence) and age were
used to adjust1 the results of the other seven NES tests, to which ratings were assigned as
described in 3.2.1. Patients were invited to enter step-3 if the average score of the seven
NES ratings was above 0.15. Patients with a lower score were diagnosed as presumably not
having CSE; they were not further examined.
Step-3 comprised 1. a semi-structured interview by a neuropsychologist and the completion
of 18 cognitive tests and of the TOMM and ASTM tests to detect insufficient effort (Table 1).
Also the Symptoms Checklist SCL-90 (Arrindell and Ettema, 1986) was completed, which is
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the Dutch adaptation of the SCL-90 (Derogatis, 1975)2, 2. a neurological and physical examination by a neurologist, and 3. the assessment of an exposure index by an occupational
hygienist.
Finally a team consisting of the specialist in occupational medicine, neuropsychologist, neurologist and occupational hygienist decided on the diagnosis. During the years decision rules
for the diagnosis were developed; these were applied in this secondary analysis to the historical data of the patients that were recorded in a digital database.

Decision rules for the diagnosis
For the diagnosis of CSE (Fig. 1) we required 1. cognitive impairment assessed by tests
covering nine cognitive subdomains, 2. sufficient exposure to solvents that is not outweighed
by competing causes, and 3. symptoms of impairment of memory or attention, assessed by
questionnaire and fitting in time with exposure. Cognitive impairment was assessed nearly
identically as described by Van Valen et al., 2012. These criteria are slightly more detailed
than those of WHO (1985) and allow a diagnosis of CSE in the presence of another disease.

Measurements

Diagnosis
Presence of
Cognitive impairment

1 Neuropsychological
function (tests)

2 Solvent exposure

Likelyhood of
Solvent-induction
no / not excluded / possible / likely

3 Other causes

4 Symptoms: cognitive, somatic, mood, well-being
5 Clinical chemistry &
physical examination

Fig. 1. Main elements in the diagnosis of CSE. In case of (sufficient) cognitive impairment the likelihood of solvent induction
determines the likelihood of CSE.
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Cognitive tests
17 Tests comprising 25 parameters, (further denoted 'tests'), were applied covering five domains: Memory [10 tests], Attention [7 tests], Motor Function [4 tests], Verbal Function [2
tests] and Visuoconstructive Function [2 tests] (Table 1). The domains are based on a classification by Lezak et al. (2004). Test outcomes were adjusted for age, gender, and level of
education (comprising 7 levels) when pertinent reference data were available and were converted to percentile (%) scores (P05ref, P10ref, P15ref, etc.) based on the distribution of
reference.
For the diagnosis of individual patients a cognitive impairment (CogImp) score was derived.
First a rating was given to the percentile score of each test: rating 1 for a score below
P05ref, rating 0.5 for scores from P05ref to P15ref, and rating 0 for scores ≥ P15ref. The
P15ref and P05ref correspond to the 1 SD respectively 1.5 SD deficit score as recommended by WHO (1985). These test ratings, contrary to percentile scores, ensure that a test result
< P15ref is reflected in the final impairment score. The ratings of the tests within a subdomain were averaged to subdomain scores; next the subdomain scores were averaged to
domain scores. Finally the domain scores were averaged to a summary CogImp score3. For
the diagnosis of CSE a CogImp score ≥0.16 was required. This score was based on the criterion of approximately 16% chance probability that a randomly chosen healthy person executing 25 tests, obtains such a score (see Discussion)4.
Test results were also expressed as Z-scores, in particular for the characterisation of groups
and properties of tests, see Statistics.

Solvent exposure
An exposure index was derived from the exposure duration in years, the supposed workplace concentrations, both based on the occupational history presented by the patient, and
from the Occupational Exposure Limits (OEL), resulting in a number of OEL-weighted exposure years (‘OEL-years’). In estimating workplace concentration, attention was given to the
amount of solvents used per hour, application method (e.g. spraying), the size of evaporating surface, size and ventilation of workplace, special activities (e.g. cleaning), the occurrence of concentration peaks and use of personal protective devices. Also the hours of real
exposure during the week were taken into account. Only in exceptional cases measurements in the workplace were performed. If there were various jobs or specific job tasks in the
patient's history, the total exposure index resulted from the summation of the job specific
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exposure indices. Finally, exposure was categorized as: < 5, 5–10, 10–20, and >20 OELyears. For the diagnosis of CSE a minimum of 5 OEL-years was required.

Table 1: Tests of Neuropsychological assessment Solvent Team
Domain

Sub domain
Test

Memory
DMS-F
DMS-B
DCVL-A
Riv.Imm.Rec
WMS-R Imm.R

Immediate recall
NES2 Digit span forward
NES2 Digit span backward NES2
Dutch California Verbal Learning Test, total list
Rivermead stories, immediate recall
Wechsler Memory scale- revised, immediate recall
Delayed recall
Dutch California Verbal Learning Test, consolidation
Rivermead stories, delayed recall
Wechsler Memory scale- revised, delayed recall
Recognition
Dutch California Verbal Learning Test, recognition
Recognition Memory Test, Faces

DCVL-C
Riv.Del.Rec
WMS-R Del.R
DCVL-R
Warrington
Attention
SDS
Trail-A
Stroop-W
Stroop-C
CWV
Trail-B
Stroop-CW
Motor function
SRT
FT
HEC
Pegboard
Intellectual function
VF
WAIS-Sim

Adjustment norm data

Simple attention
NES2 Symbol-digit substitution
Trail Making Test, form A
Stroop test words
Stroop test colours
Complex attention
NES2 Colour-word vigilance
Trail Making Test, form B (relative to A)
Stroop test colour-word, interference
Motor speed
NES2 simple reaction time
NES2 Finger tapping dominant hand
Dexterity
NES2 hand-eye coordination
Grooved Pegboard

Test / norm reference

age

gender

education

+
+
+
+
+

+
+
+
+
-

+*
+*
+
-

Baker et al., 1985
Baker et al., 1985
Mulder et al., 1996
Schmand et al., 2004
Wechsler, 1987

+
+
+

+
+
-

+
-

Mulder et al., 1996
Schmand et al., 2004
Wechsler, 1987

+
+

+
-

-

Mulder et al., 1996
Warrington, 1984

+
+
+
+

+
+
+

+*
+
+
+

Baker et al., 1985
Schmand et al., 2004
Schmand et al., 2004
Schmand et al., 2004

+
+
+

+
+

+*
+
+

Baker et al., 1985
Schmand et al., 2004
Schmand et al., 2004

+
+

+
+

+*

Baker et al., 1985
Baker et al., 1985

+
+

+
-

+*
-

Baker et al., 1985
Heaton et al., 1986

+
+

+
+

+
-

Luteijn et al., 1983
Stinissen et al., 1970

+
+

+
-

-

Wechsler 2004
Visser 1970

WAIS-Block
Rey-C

Verbal function
Verbal fluency animals & profession naming
WAIS-III Similarities
Visuoconstruction
WAIS-R/ WAIS-III Block design
Rey complex figure test copy

Insufficient effort
TOMM
ASTM

Test of Memory Malingering
Amsterdam Short-Term Memory test

-

-

-

Tombaugh, 1996
Schmand et al., 1999

Vocabulary

Vocabulary NES2

-

-

-

Baker, 1985

+ adjustment applied

- adjustment absent

+* for adjustment the NES vocabulary was used
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Non-solvent causes
Presence of conditions that can mimic the symptoms and signs of CSE, e.g. hypertensive
encephalopathy, traumatic brain injury, obstructive sleep apnea syndrome, presenile dementia, medicine-induced headache, severe depressive disorder, drug abuse, excessive alcohol
consumption (reported as more than 25 glasses/week), was examined by anamnesis, blood
tests and physical examination. Patients with exposure to non-solvent neurotoxicants were
excluded from the analysis. Polysomnography, brain imaging, neurophysiological examination, etc. were completed on indication. Presence of psychiatric diseases was checked for by
interview or -from 2002 onward- by the Standardized Clinical Interview for DSM-IV, axis I
disorders (SCID-I; Groenestijn et al, 1999). The likelihood that somatic or psychiatric diseases contributed to the findings was scored as ‘other cause absent, possible or likely'; the specific cause had not been recorded in the database. In the CSE-patients the presence of nonsolvent causes was balanced to the solvent exposure categories using the decision rules
represented in Fig. 3 (lower right part), resulting in a statement on the likelihood of solvent
induction of the cognitive impairment.

Symptoms
The symptom questionnaires were used to describe the patients as to the level of subjective
impairment and as indication for the presence of non-solvent causes. Regarding the SCL-90
questionnaire the clusters 'sleep problems', 'insufficient thinking & acting', 'depression', 'anxiety' and 'hostility' were observed; the answers refer to the recent week. For symptom intensity we used only the categories 'very high', 'high' and the remainder, corresponding to respectively the highest 5% ('P05ref'), the near-highest 15% ('P20ref') and the lowest 80% of a
normal reference group5. Regarding the NSC-60 for the clusters 'absentmindedness' and
'fatigue' the average score of the answers (five in each cluster) was calculated. The answers
use the categories: 1 = never, 2 = seldom, 3 = sometimes, 4 = often, and refer to the recent
year.

Correction for selection bias in step-2
The 1725 patients who entered step-2, constitute the group of interest regarding the results
of the cognitive tests and the final diagnosis (the ‘target group’ in Fig. 2). The reasons are
that selection by an intake interview supposedly will occur in any CSE assessment and that
such a selection will result in some comparability of patient groups between diagnostic cen67

ters. However, the consecutive selection of patients with NES (deficit) score > 0.15 in our
diagnostic process resulted in a reduced group of (1030) patients who entered the final diagnostic step-3. These patients (‘abnormal-NES’ group) will have lower test results compared to the patients with NES score < 0.15 ('normal-NES' group) who were supposed to
have no CSE and were routinely not examined further. For this study we have adjusted for
the absence of the normal-NES patients by including the data of a sample of 73 patients
who, notwithstanding a score < 0.15 on the NES tests, had been fully examined to estimate
the percentage of patients erroneously diagnosed in Step-2 as non-CSE (false-negatives).
Patients and examiners were not aware of this extended examination.
If the NES tests had not been used as selection, 1725 patients (1030 abnormal-NES plus
695 normal-NES) would have passed the full diagnostic procedure (Fig. 2). Based on the
results of the sample of 73, of which 50 patients showed sufficient effort and had sufficient
data, we calculated that 476 (695*50/73) normal-NES patients would have fulfilled the criteria of sufficient effort and sufficient data. The test results of this group were supposed to
equal the results of the sample of 50 normal-NES patients mentioned. For the absent patients data have been created by adding eight times the data of the 50 normal-NES patients
to the database (the difference between 476 and 450 is negligible). The database also contained the data of the 513 patients from the abnormal-NES group who produced sufficient
effort and sufficient data. In this way we calculated the results (counts and means) for a target group of 963 patients, 513 abnormal-NES plus 450 normal-NES, who passed the intake
and produced sufficient data and effort.

Statistics
To estimate the standard error of percentages and means for the combined abnormal-NES
and normal-NES patient group the subroutine Complex Samples (SPSS, version 18) was
used6.
Regarding the impairment ratings, used for the derivation of the individual CogImp scores,
the percentage of patients with low test results (≤P15ref) for individual cognitive tests was
compared to the 'expected' 15% using binominal distribution. Likewise the percentage of
patients with a high symptom score, i.e. ≤P20ref was compared to 20%.
To describe the performance of a group of patients and to allow comparison of our test results to those of others, we used for each patient his Z-score ('effect size') for each test as:
(result patient – expected value )/SD. The expected value (adjusted for age, etc.) and SD (of
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expected values) were derived from the reference dataset of that test7. The Z-scores within a
group were reported by using mean and SD for the 10 tests with normally distributed patient
results, and using median and P[84]–P[16] for the 15 tests with non-normally distributed patient results. Between these percentiles, 68% of subjects are comprised likewise between
m+SD and m-SD in a normal distribution. Z-scores for (sub)domains were aggregated likewise the impairment scores, but without the assignment of points. The Z-scores of domains
were averaged to a Z-score of cognitive performance.
For tests with normally distributed Z-scores the presence of an effect was studied using Student's-t test (SPSS Complex Samples). For tests with non-normally distributed Z-scores Wilcoxon's one sample test was used. The effect sizes of tests within a subdomain were compared using Wilcoxon's paired sample test.
The presence of a possible specific profile of test results in CSE patients was studied by
determining the probability of a patient's membership of the Solely CSE group versus any
single of both non-CSE groups using logistic regression (in Complex Samples). As independents were used the impairment scores (0 and non-0) of the tests that showed a tendency towards a statistical relationship (i.e. p<0.20) in a univariate approach. In these analyses
the CogImp score was used as covariate to prevent that differences in the number of pathological tests between the groups are wrongly considered as discriminative and thus indicating the presence of a profile. For a profile it is required that at most levels of CogImp some
tests show significantly more/less abnormalities in the CSE patients compared to the nonCSE patients.
The relation between CogImp, domain results, age, symptom scores and solvent exposure
was determined by Spearman or Pearson correlation coefficients. All evaluations using nonparametric methods were based on the reconstructed target group (n=963) with degrees of
freedom based on the number of the real patients. The majority of tests were performed one
sided as only a change in pathological direction was expected. The tests regarding age and
Wilcoxon's paired sample test, were performed two sided. The SPSS statistical package
(version 18.0, Predictive Analytical SoftWare, IBM, 2009) was used.

Results
Patients
At the intake, 645 patients did not fulfill the minimum criteria for CSE (Fig. 2); this was only
very rarely due to abnormalities in blood chemistry, as such diagnostics usually had been
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initiated by the referring physician. Of the remaining 1725 patients 695 had only few abnormalities on the 7 NES-tests; these normal-NES patients were considered free of CSE. From
the 1030 abnormal-NES patients, 517 were excluded from the analysis in the third diagnostic
step because of insufficient effort (343), too many missing test data (81), or both (93); missing test data regarded non-native patients insufficiently familiar with the Dutch language and
patients performing too slow to accomplish all tests. As described in section 2.4 the 513 remaining patients were completed with 50 real and 400 virtual normal-NES patients, to reconstruct the target group of 963 approximating all patients selected by intake, showing sufficient effort and having sufficient data. The distribution of occupations closely resembled that
of the original group of 2370. Major neurological diseases (e.g. Parkinson’s or Alzheimer’s
disease, multiple sclerosis, brain tumor) were rare.

2370
patients
suspected
of CSE

Intake interview
& clinical chemistry

645 supposed no CSE

1725
7 Cognitive tests (NES2)

695

& Questionnaire (NSC-60)

Pathol.-NES

1030

622 no further
examination

73

Neuropsychological,
Neurological &
Exposure assessment

513

517 insufficient effort/data
23 insufficient effort/data

50

in analysis, diagnosis

Fig. 2.

Normal-NES,
supposed no CSE

(513 + 9x50) ≈ target group

Diagnostic procedure for patients suspected of CSE (1997-2006) examined by the two diagnostic teams in the Neth-

erlands. The boxes show the two selection steps and the final diagnostic step. The target group represents all patients who
passed the intake, had sufficient test data and showed sufficient effort.

Diagnosis
All patients reported symptoms of 'absentmindedness', i.e. at least score 2, corresponding to
'sometimes', or of 'insufficient thinking and acting', i.e. at least level 'high'. Of the 963 pa70

tients, 233 scored CogImp <0.16 (Fig. 3). Among the 730 patients with CogImp ≥0.16, 187
had less than 5 OEL-yrs of exposure; so 420 (233+187) patients were considered not to
have CSE. As far as a non-solvent cause was present within this group, 158 (16% of 963)
were diagnosed as having some 'Other Disease' (or other cause of symptoms), and the remaining 262 (18%) as 'No Disease' (i.e. 'no known cause demonstrated'). Among the 543
patients who met the criteria for CSE, in 301(31%) a non-solvent cause was considered absent; they were diagnosed as 'Solely CSE'. The others (242, 25%) were diagnosed as 'CSE
and other disease'. Taking into account both the extent of solvent exposure and the presence of non-solvent causes, altogether 212 patients were considered to have 'likely CSE',
255 'possibly CSE' and 76 'CSE not excluded'. Some demographic, exposure and neuropsychological data of the four diagnosis groups are presented in Table 2. Age and level of education showed no meaningful differences. The impairment scores for domains, used for the
individual diagnosis, were highest for Verbal Function, respectively 0.38 and 0.40 in both
groups with CSE.
Target group, N=963 (513+9x50), passed Intake, sufficient data and effort

233

Cognitive impairment
Negligible (< 0.16)
Any (≥ 0.16) 730

187

Solvent exposure
< 5 OELyrs
≥ 5 OELyrs 543
Non-solvent cause
Absent
Possible/likely

Non-solvent cause
Absent
Possible/likely
NO DISEASE

OTHER CAUSE

262

158

SOLELY CSE

CSE and OTHER DIS.

301

242

Exposure, OELyrs

5-10

10+

Exposure, OELyrs

5-10

10-20

20+

Non-solvent cause
likely
possible

CSE:

Not excluded
76

Possible
255

Likely
212

Fig. 3. Decision tree for the diagnosis of CSE as dependent on the extent of cognitive impairment, the extent of solvent exposure and the presence of non-solvent causes. Diagnoses comprising CSE are specified as to their likelihood.
Numbers in italics show the calculated distribution in the target group of 963 patients.
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Table 2. Some demographic data and test results in 963 patients with suspected CSE. Test
impairment scores are based on a scoring system using worst 5 percentile (score 1) and
near-worst 10 percentile (score 0.5) in a reference group. Z-scores are averages of the Zscores of the tests in the domain. M±SD unless indicated otherwise.

Diagnosis

No (known) disease

Solely CSE

CSE and other disease

Other Disease

n of patientsa

262 (91+171)

301 (202+99)

242 (152+90)

158 (68+90)

Age (yr)

47

47

49

44

Education (range 1-7)

4.4 ± 1.0

4.0 ± 0.8

4.1 ± 0.8

4.1 ± 0.9

Exposure, yr

17

24

24

13

Exposure, OEL-yrb

4 (1 – 16)

± 9

± 9

10

± 8

± 8

± 7

± 7

± 9

± 8

(5 – 20)

10 (7 – 22)

3 (1 – 10)

Test results; impairment score domains (range 0-1)

Memory

0.16 ± 0.14

0.27 ± 0.16

0.28 ± 0.14

0.26 ± 0.16

Attention

0.17 ± 0.17

0.30 ± 0.17

0.30 ± 0.19

0.25 ± 0.20

Motor Function

0.17 ± 0.17

0.34 ± 0.23

0.35 ± 0.21

0.23 ± 0.23

0.10 (0.00-0.25)

0.38 (0.00-0.75)

0.40 (0.00-0.75)

0.28 (0.00-0.75)

0.13 (0.00-0.50)

0.21 (0.00-0.50)

0.26 (0.00-0.50)

0.19 (0.00-0.50)

0.16 ± 0.12

0.30 ± 0.12

0.32 ± 0.12

0.25 ± 0.15

Verbal

Functc

Visuoconst.

Functionc

Cognitive Impairment

a

bold: abnormal-NES patients (n=513), italics: normal-NES patients (50 real, 400 extrapolated, total 450)

b

median (16-84 percentile)

c

average (16-84 percentile)
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Test impairment ratings
For each test the percentage of patients with a result ≤P15ref, i.e. test impairment rating 0.5
or 1, is presented in Fig.4. In the combined patient group (target group, n=963) for all tests
the percentage of patients with low test results was significantly higher than the expected
15%, except for DCVL-R and Stroop-CW. The highest prevalences were elicited by SRT
(69%), Stroop-W (59%) and DCVL-A (58%). Substantial differences in prevalences were
found between tests within the same subdomain: Immediate Memory showed a difference of
38% between DCVL-A and both DMS tests, Simple Attention had a 37% difference between
Stroop-W and Trail-A; Complex Attention 45% between CWV and Stroop-CW, and Motor
Speed showed a difference of 51% between SRT and FT. The narrow confidence intervals
in Fig. 4 show that most differences between tests within a subdomain were statistically significant. As expected, in the abnormal-NES group the percentages of patients with low test
results tended to be higher than in the normal-NES group especially for the NES tests (data
not shown).
Given the use of the 7 NES tests as a selection tool, the correlation between the average
impairment ratings of the NES tests and those of the 18 non-NES tests (group averages
both 0.26) was found to be low: (Spearman) r = 0.29 (p<0.001).

Profile of CSE vs healthy subjects
For the Solely CSE patients the effect size (Z-score) for each test was calculated in order to
reflect the profile of test results in CSE (Fig. 5). In the far right are indicated the m and SD,
respectively 0 and 1, of the (healthy) references. The Z-scores of 22 tests were significantly
lower than the tests' reference data. The four more discerning tests, i.e. where m+SD or P84
was negative, were Stroop-W, SRT, VF and WAIS-Simil. For DCVL-R, Stroop-CW and HEC
no decrease was found. Within a subdomain nearly all tests differed significantly (both
WMSR tests with their artificial level not considered). The general pattern resembled the
percentages with scores ≤P15ref in all referred patients (Fig. 4).
To explore whether different tests measure the same mental function, the (Spearman) correlation coefficients were calculated between the Z-scores of the tests within the same subdomain. With exception of the kindred combinations Stroop-W with Stroop-C (r=0.67) and
DMS-F with DMS-B (r=0.58), all correlations were lower than 0.42. This means that the different tests within a subdomain cannot replace each other. On the other hand some tests,
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although in a different subdomain, were somewhat correlated: highest were SRT and CWV
(r=0.56) and WMS-R Del.R and WAIS-Block (r=0.45).

% of patients with test result < P15 of reference group
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Fig. 4. Results of 25 cognitive tests in patients suspected of CSE. Percentage of patients with a test result below the lowest
15th percentile in the reference data with 90% confidence interval (CI) in the target group of 963 patients. Dotted lines separate
subdomains.
P-values refer to difference with the expected 15% prevalence.
* p<0.05, ** p<0.01, ***p< 0.001.

Profile of CSE vs other patients
The question whether the profile of test results in CSE patients enables to discern individual
patients with CSE from patients suspected of CSE but having other conditions was studied
by logistic regression. In the comparison of the Solely CSE group with the No Disease group
seven out of the 25 tests met the criterion for introduction in the multivariate approach. After
elimination of one test that was non-significant (p>0.10) in the set, a model remained with
pseudo-R2 (Nagelkerke) of 0.46. A diagnosis of Solely CSE was predicted by worse results
on Riv.Del.Rec, Stroop-W, Git and WAIS-Sim (each OR approximately 2.5 although with
wide confidence intervals) and by better results on Stroop-CW (OR = 0.26). After introduc74

tion of the patients' predicted values into an ROC, the AUC appeared to be 0.748, which is
too low for individual diagnosis. In comparing the Solely CSE with the Other Disease group
three tests met the criterion for introduction in the multivariate approach, however in combination no test had a significant contribution. Finally we compared the Solely CSE patients
with the combined No Disease and Other Disease groups. Here only a better result on
Stroop-CW appeared to be indicative for CSE (OR = 0.37; AUC in ROC only 0.64).
The profile of the subdomains, not adjusted for the summary cognitive performance, in the
four diagnosis groups is shown in Fig. 6. In the patients with Solely CSE the lowest Z-scores
appeared for Verbal function (-1.02), Motor Speed (-0.92) and Simple Attention (-0.90). The
lower Z-scores in both groups with CSE follow from the requirement that CogImp has to be
≥0.16 for CSE. The overlap of the profiles, being even larger when adjusted for by the summary cognitive performance, confirms the non-specificity of the CSE-profile within the population of patients referred as suspected for CSE.
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Fig. 5. Z-score (≈ standardized effect size) of 25 cognitive tests in 301 patients diagnosed as Solely CSE. Dark bars: mean
effect + 1SD. Light bars: median with 16-84 percentile (equivalent to + 1SD). Dotted lines separate subdomains. Data of
healthy referents: m+SD. * p<0.05, ** p<0.01, ***p< 0.001.
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Symptoms and exposure
For each SCL90 symptom cluster in each of the four diagnosis groups the frequency of the
combined symptom levels 'very high' and 'high' exceeded the expected percentage (20%)
based on the reference data (p<0.001), The cluster Insufficient thinking and Acting being the
more outstanding (Fig. 7). For the NSC-60 symptom cluster 'absentmindedness' and 'fatigue'
(Fig. 8) no reference data are available. Between the four diagnosis groups no remarkable
difference in symptom levels was found.
The (Spearman) correlation coefficient between 'absentmindedness' and the impairment
score of the domain Attention was only r=0.16 for those with Solely CSE and r=0.13 in the
total group (both p<0.005); for the attention subdomains the correlations were even lower.
The majority of patients had exposure to solvent mixtures, e.g. white spirit. Few patients
were exposed to a single solvent, e.g. trichloroethylene (degreasers) or to a simple combination, e.g. styrene and acetone (polyester workers). In the patients with Solely CSE the distribution of exposures was 5-10 OEL-yr: 35%, 10-20 OEL-yr: 47% and > 20 OEL-yr: 18% (Fig.
3). The patients with CSE and another disease (n=242) had a similar distribution (31%, 51%
resp. 18%).
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Fig. 6. Profile of subdomain results in patients suspected of CSE according to final diagnosis. Z-score is average of test Zscores within the subdomain and based on SD in reference data; negative Z-score means impaired performance. Vertical line
segments represent m + SD or median with P[16]-P[84] for elements with *. All effects sizes p<0.05 except Motor Dexterity and
Visuoconstructive Function in group No Disease: p> 0.1. (Verbal and visuoconstructive function are elsewhere denoted 'domains'.)
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Sensitivity of test batteries
In section 3.3 differences in the effect sizes of the cognitive tests within a subdomain was
shown. To explore the consequence for a test battery, we calculated for the target group
their CogImp based on the most sensitive test package. This was composed of the most
sensitive individual (sub)tests in each subdomain: Rivermead (2x), Warrington, SDS, CWV,
SRT, Pegboard, Verbal Fluency and WAIS-Block. This 'core battery' resulted in
CogImp=0.35; 0.17-0.58 (median; 16-84 percentile). The same was done using the most
insensitive test package, i.e. DCLV (3x), Trail making (2x), FT, HEC, WAIS-Simil and Rey-C.
This resulted in CogImp=0.17; 0.04-0.33. Use of a single subtest from a test containing several subtests was avoided. Based on the sensitive core battery 77% of the patients in the
target group would obtain a 'pathological' CogImp9 as opposed to only 35% when using the
insensitive core battery. In these analyses only the results were used of the 577 patients
(comprising 401 real patients) who had no missing values on any test mentioned.

Discussion
In this study we found no characteristic cognitive pattern in a group of patients diagnosed
with CSE compared to patients suspected of CSE but not diagnosed as such.
It also showed that different tests within a functional subdomain produced different levels of
scores when made by a group of CSE patients.
The strong elements of this study are 1. the large number of patients who passed a 2.
standardized diagnostic protocol that contained a 3. comprehensive battery of cognitive tests
and 4. excluded those with insufficient effort, and 4 the evaluation by means of objective
decision rules. The weak elements are 1. the limited reliability in the assessment of the solvent exposure and the lack of evidence for the 5 OEL-yr threshold criterion as presently
used, 2. that only of a small sample of the less affected patients, i.e. the 'normal-NES' patients, the complete data were available, and 3. the arbitrary character of the required ≥0.16
cut-off score for cognitive impairment. Finally 4., the absence of one healthy concurrent control group for the whole test set precluded insight in the normal variation of (sub)domain- and
CogImp scores and it compelled us to settle with suboptimal reference data for a few tests.
Thus it reduced the precision of the CSE profile, a disadvantage limited to the comparison
with healthy subjects. We note that for a patient referral center it is more relevant to discern
CSE patients from other patients than from healthy subjects. These considerations pertain to
our Fig. 6, which contains some imprecision in the deviations of the subdomains due to
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suboptimal reference data and due to the composition of the test package; however this imprecision does not affect the comparison of the results between the four diagnosis groups.
Regarding exposure, it is clear that most -oral- information by the patient is not quantifiable,
and inevitably difficult to interprete by the examiner. This will have introduced some misclassification regarding the CSE- and non-CSE groups as far as exposure was incorrectly assessed with respect to the 5 OEL-yr threshold criterion10. This criterion is not evidenced by
the literature, but it is in line with regulations that are least reserved towards CSE in Europe
(Triebig 2001, Keski-Santti 2010). It is unlikely that a biologically founded threshold for
'mixed solvents', the more prevailing type of exposure, will ever be possible.
The extrapolation of the sample of normal-NES patients limits the precision of the results.
Still, thanks to the ample number of patients nearly all cognitive tests showed significant deterioration in the separate diagnostic groups with respect to the reference data, and also
showed significant differences in effect size between tests. We conclude that the results of
this study likely reflect the properties of the diagnostic groups and also of the test set in (not)
discerning the CSE patients from the other patients.

Cognitive impairment score
Using trinomial distribution it was calculated that a randomly chosen healthy person by executing 25 tests has a chance probability of 16.2% (under a few assumptions) to obtain a
CogIimp score ≥0.16 in our scoring system. The neighbouring options, i.e. the scores 0.14
and 0.18 have a probability of 26.1% resp. 9.4%. Several considerations11 led the authors to
tentatively choose the CogImp score of 0.16 as the minimum for a 'pathological' performance. We note that using a chance probability as the point of departure, the required
CogImp score increases as the number of tests decreases12.
Although the weak points mentioned have some effect on the numbers of patients in the four
diagnosis groups, they do not affect the structure of our decision rules.
In the literature only few procedures for the diagnosis of CSE use a summary impairment
score. Österberg et al. (2000) used two 'hold' tests as an individual reference and defined –
in line with WHO- as a subnormal cognitive test result that two or more out of six tests have
Z-scores below the average Z-score of the hold tests minus 1. They mention that the expected probability of this subnormal result in a randomly chosen referent is 24%, which is
higher than the calculated 16.2% in our procedure. In Norway a similar approach (without
hold tests) is used (Bast-Pettersen, 2009).

79

While the examination of relationships between cognitive tests and disease, symptoms or
exposure profits by the use of Z-scores, in the assignment of diagnoses to individual patients
we prefer the 3-category system with the P05ref and P15ref cut-off scores, as it warrants
that a low test result is expressed in the summary measure of cognitive impairment. On the
other hand the discontinuities of this scoring system introduce a chance factor in labeling
capacities close to the borderlines P05ref and P15ref. Another inevitable drawback is that
the level of a test result above P15ref is neglected.

Decision rules
We developed the decision rules to promote standardization in our diagnostic practice. For
individual patients argumentative deviations may be opportune, e.g. when the other elements of the neuropsychological examination indicate so. The fact that our diagnostic procedure comprised two selections steps did not influence the rules for the final diagnosis. In fact
the selection by the NES tests (step-2) worked improperly: of the 50 patients who in the regular procedure would have been considered as 'no-CSE' but were purposely fully diagnosed
to estimate the fraction of false negatives induced by this step, 11 received the diagnosis
Solely CSE according to the decision rules, 10 CSE & Other disease, 19 No Disease, and 10
Other Disease. The low predictive value of the seven NES tests regarding the 18 tests of
diagnostic step-3, indicated by the correlation coefficient of 0.29, plays a major role here.
This selection step is in revision now13.
Regarding our selection step-1, i.e. intake interview and blood tests, we have less doubt
about the effectiveness as only the patients who distinctly did not meet the general criteria
for CSE have been withhold from the further diagnostic procedure.
We note that our decision rules for CSE, as they require a minimum of cognitive impairment,
do not include a pure ‘organic affective syndrome’ according to WHO, neither the ‘symptoms
only’ and ‘sustained personality or mood change’ according to the Raleigh classification. In
our opinion, for the recognition of a disease, i.c. encephalopathy, a minimum of impairment
semi-objectively measured by cognitive tests is required. In this context we note that any cutoff score for CogImp, even if expressed as an increase compared to a pre-exposure value,
inevitably will falsely label patients in a very early stage of CSE as not affected. We also note
that in view of rehabilitation policy a patient's summary cognitive impairment score needs to
be supplied by data on specific impairments and capacities14.
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Individual tests
To compare our findings on individual tests with the literature we used the only review of
cognitive test performance in CSE-patients, which is part of the report by the European Consensus Group (Van Valen et al, this issue). Our results in Solely CSE patients (Fig. 5)
agreed for 10 test parameters with this review; for 5 no agreement was seen and for 10 no
comparison was possible. Part of the non-agreement may be artificial due to differences in
statistical power, type and severity of patients, and specific solvents involved. This uncertainty also holds for a meta-analysis on the impact of solvents on neurobehavioral performance
in exposed workers (Meyer-Baron et al., 2008) that reported on 48 test parameters, 11 of
these were also used by us. For 7 tests the findings, i.e. effect demonstrated or not, agreed.
For four tests they did not find an effect while we did, which might have been caused by the
fact that their studies mostly comprised workers free of symptoms, while our patients had
many symptoms. The only conclusion of comparing both reports with our study is that no
obvious inconsistencies appeared.

Cognitive profile
Regarding the first objective of our study, the search for a CSE-specific pattern of impairments, only a weak indication was found in the comparison with the No (known) Disease
group, but no indication at all in the comparison with the Other Disease group. As the pattern
of test results did not aid in the identification of patients who will be diagnosed as Solely
CSE, we conclude that a predictive profile of test results is indeed likely to be absent. Considering that a substantial portion of patients, in our study 25%, have CSE combined with
another disease, strengthens this conclusion. Absence of a specific pattern of impairments is
not remarkable: many other pathological conditions show varying defects in most or all functions covered by the usual set of tests, e.g. cerebral trauma, thyroid hypofunction, diabetes,
vascular disease, excessive alcohol consumption, depression. Moreover, the usual diversity
of the solvents involved and pre-exposure differences as well as susceptibility differences of
functional domains between patients will impede the appearance of a specific profile in CSE
patients. Our results also show that differences in cognitive test performance as reported in
the literature between CSE patients and healthy control groups, have only limited value in
the diagnosis of patients referred for the assessment of CSE.
In the literature studies focusing on diagnostically meaningful differences within a group of
patients who had undergone some pre-selection by means of an intake interview are scarce.
The data of Eskelinen et al (1986) indicate that CSE patients can be differentiated on a
group level from patients with vertebrobasilar insufficiency, cerebral trauma or headache, but
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the authors concluded that 'no specific rule for individual diagnostics can be given'. Nilson et
al (1996) using two tests out of eight from the TUFF battery, i.e. 'dot cancellation' for attention resp. 'synonyms' for verbal ability, were able to correctly classify 75% of CSE patients
and 88% of non-CSE patients with similar symptoms. This result is insufficient for diagnostic
purposes; unfortunately the exact diagnostic criteria were not reported.

Contribution of individual tests
Our finding that in the same subdomain cognitive tests that are supposed to measure related
mental functions show diverging results, implicates that for comparability of data on occurrence of CSE the use of a core-test battery is necessary15.
In conclusion, our study shows that the profile of results of a comprehensive set of cognitive
tests does not allow identifying patients with CSE within a patient group that is referred for
assessment of CSE and is selected by an interview comprising criteria of exposure, development of symptoms and absence of non-solvent causes. The study further shows that for
comparable results diagnostic procedures should comprise a core-test battery.
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Appendix: Text on journal website
1. Adjustment was based on the data of a suitable reference group consisting of 241489 (number depending on test) healthy subjects (20-60 yrs) without solvent exposure, with alcohol consumption < 40 units/week, unconsciousness< 1 h if cerebral
concussion had occurred, no history of epilepsy, meningitis, encephalitis or cerebrovascular accident, no active migraine, no use of medicines that can affect CNS (Ref:
van der Laan G et al. Organic solvent-induced Psychosyndrome: a protocol for the
diagnosis (in Dutch) Den Haag, SDU Uitgevers, 1995).
2. These examinations required approximately 4 hours. For the NES, Rivermead, Trail
Making and Stroop tests national reference data were used for the age-, educationand gender adjustment; for the other tests the data in the manual were used. For the
FT and Pegboard tests the results of the left and right hand were averaged after calculation of each impairment score; 0.25 and 0.75 were rounded to 0.5 resp. 1.0. For
both subtests of Verbal Fluency the adjusted percentile scores were averaged. The
test parameters of the Riv.Del.Rec, Trail-B and Stroop-CW tests were expressed relatively to the Riv.Imm.Rec, Trail-A and Stroop-C tests. Test results for WMSR were
so extremely good –likely due to reference data from before 1987- that the distribution of the patients over the results was made equal to that of the combined other
(eight) memory tests. This distribution is given by the accumulated number (over the
eight memory tests) of patients with P00-05ref, the number with P05-10ref, etc. up to
the number with P95-100ref. For the same reason the results obtained using the
older versions of the WAIS similarities and WAIS-Block were adjusted to the distribution of their more recent version III. In case the reference data had substantial discontinuities, e.g. caused by too few age groups or by apparently too small samples,
appropriate curve fitting was done (WMSR, Warrington, Pegboard, WAIS-Sim, WAISBlock and Rey-C). The data of patients with supposedly insufficient effort, i.e.
ASTM<81 or TOMM<45, were not used; this implies a specificity of 99% (van Hout et
al 2006), which means that only distinctly low-performers were excluded. We note
that regarding many patients who underachieve compared to the performance that
would reflect their 'true' capacity in that time period, it is unclear whether this 'underperformance' is intentional or not.
3. Considerations concerning the present calculation of CogImp were respectively (1)
to have about equal weights for the domains, and (2) to avoid too unequal weights for
the individual tests. The verbal and visuoconstructive domains were weighted by 0.5
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compared to the other domains in order to make the influence of the comprised tests
on CogImp alike those of the other domains. For a similar reason the subdomain immediate memory, comprising 5 tests, was weighted double in calculating the score of
the memory domain. The final weights were a compromise, at the time the 25 tests
were chosen, no CogImp scoring was foreseen.
4. This approach closely resembles that by the EU Consensus Group (2012). In each
subdomain one (in Immediate Memory: two) missing test was allowed, leaving at
least one test for the assessment.
5. For most clusters the raw score corresponding to the border between 'high' and 'remainder' had to be interpolated from the table with values for a normal reference
group (Arrindell and Ettema, 1986). As in our patients the correlations of the symptom cluster results with age and education were negligible (maximum r = 0.25), no
adjustment for these factors was attempted.
6. This subroutine supplies summary data for a sample comprising several strata with
different fractions of –representative- individuals being present. In our study we had
one complete stratum (513 abnormal-NES patients, weighting factor 1) and one incomplete stratum (50 out of approx. 450 normal-NES patients, weighting factor 9);
the ‘with replacement’ method was chosen. In addition a standard deviation for the
combined group was calculated:

7. The average Z-score in a group is equivalent to the (standardized) effect size as reported in the literature (e.g. Meyer-Baron et al., 2008). For 10 test results (DCLV,
Rivermead, Trailmaking, Stroop) Z-scores are part of the prescribed elaboration of
the raw test data. For another 10 test results (all NES tests, Warrington, Pegboard,
Verbal fluency) Z-scores are implicit in the percentile values as these are based on
supposedly normally distributed reference data. These Z-scores were derived from
the percentile value of the patients using the inverse of normal (T) distribution with
mean=50(%) and SD= 34(%). For five tests results (WMS-R, WAIS-Sim, WAIS-Block
and Rey-C) Z-scores were derived in the same way, but the reference data were not
normally distributed ('pseudo-Z-scores'); implying that, contrary to the other 20 tests,
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it is not possible to recalculate from a Z-score the value of the original test parameter
as the latter lacks a valid SD
8. The Receiver Operating Characteristic (ROC) represents the relationship between
the sensitivity and specificity of a diagnostic test for any cut-off level of the test parameter. For the test set as derived the choice of a sensitivity of 95% is accompagnied by a specificity of 34%, which means that requiring 95% of CSE patients to
be correctly identified, inevitably 66% of the subjects with No (known) disease will
falsely be labelled as having CSE by this test set. The Area Under the Curve (AUC)
represents roughly the discerning power of the test: 0.5 = no discerning, 1.0 = maximal discerning power.
9. For nine tests the cut-off score for pathology is ≥0.22, as it has a chance probability
for a healthy person (13.8%) most nearby the 16.2% of the CogImp score of ≥0.16 in
using 25 tests, see Discussion. Note that the percentages of patients ascribed a
pathological CogImp score (77% and 35%) do not refer to the classical diagnostic
sensitivity, as we have no 'gold standard' to classify a patient as a 'real' CSE patient.
10. The use of OEL-yr as a unit for the extent of exposure we consider as the better
among poor approaches; still methods need to be developed to reduce the inaccuracy in estimating workplace concentrations. Also the OEL-component should be replaced by a more directly relevant toxicological parameter. In this context the date of
2002 of our OELs is of minor importance.
11. The 16.2% is distinctly higher than the often used 5% criterion for 'pathology'. However, the calculated 16.2% probability is under the assumption that the 25 tests
scores have an equal weight and are uncorrelated. In fact the weights of the tests differ due to the different numbers of tests in the (sub)domains: those in our subdomain
Delayed Recall have the lowest weight (0.021) and those in the domains Motor-,
Verbal- and Visuoconstructive Function have the highest (0.063). For 'light-weight'
tests more abnormalities are needed to obtain a certain CogImp score than for
'heavy-weight tests'. Starting from the idea that a cut-off score between negligible
and 'pathological' cognitive impairment should be based on a chance probability of
about 10%, our 'elevated' percentage of 16.2% in part meets the decreased probability for subjects with defects in the subdomains with light-weight tests to be diagnosed
as cognitively impaired. A test battery with equal numbers of tests in (sub)domains
would easily remove this drawback. The fact that some correlation between the tests
was present -among all (300) correlation coefficients the five highest ranged from
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0.45 to 0.67-, will increase the real probability of obtaining CogImp ≥0.16 to some extent. This would ask for a lower cut-off border; the strength of this phenomenon in our
test set is not known.A second reason to stay above the 10% chance probability of
the CogImp score of 0.18 is the phenomenon that subjects who have a relatively high
pre-exposure cognitive level (within their class of age and education), have less
chance to be identified as impaired. For example, assuming a normal distribution of
CogImp in referents, which is not far from reality, only 29% of subjects with an effect
equalling a Z-score -1.0 shift from above to below the percentile P10, which corresponds to the p=10% pathology criterion. Combined with the 10% already below the
pathology criterion makes 39% of affected subjects correctly identified. With an elevated pathology criterion of p=16.2%, still only 50% of subjects with a Z-score of -1.0
will be identified as affected. However, the price is that more subjects are wrongly labelled as affected. Note that our patients with Solely CSE had an average CogImp Zscore of -0.59. Considering that a decrease of the aggregated test scores of 0.59 of
the SD of the reference population is substantial, the detection of only 50% of individuals affected (at a pathology criterion as high as 16.2%) shows the low sensitivity
that is inherent to diagnostic systems that lack pre-exposure performance data. Our
'elevated' pathology criterion of 16.2% in part meets this problem,.
12. With 13 or 6 tests, the probability of a CogImp score ≥0.16, will be 25% respectively
36% according to trinomial distribution. The chance probability of meeting the WHO
criterion for CSE (i.e. at least '2x -1SD' or '1x -1.5SD plus 1x -0.1SD') applied to 7
tests (as in the WHO core battery) is even 46%, which may partly explain the high
number of supposed CSE patients reported some decades ago.
13. When recources are limited the use of a small test set to select out subjects without
CSE, for example as a part of a modified intake procedure, may be opportune. In the
development of such a test set one of the problems is the small mean change and
high SDs in Z-scores in CSE patients compared to the reference data in using many
presently available tests. Figure 5 shows that the Stroop-W, SRT, VF and WAISSimil are the most discerning tests and might be effective as a tool for such a screening. We calculated that a summated Z-score of these tests at a cut-off level based on
a sensitivity of 95%, has a specificity of 78%, supposing independency of test results
in healthy subjects (some correlation will increase the specificity). It means that, allowing 5% of CSE patients to be missed, one can reassure at least 78% of nondiseased subjects. In a mixed group of 100 CSE patients and 200 healthy subjects,
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161 are selected out as healthy (5 erroneously) and 44 healthy subjects have to be
indentified as healthy in a consecutive diagnostic phase. Evaluation of a selection
procedure before using it is a necessity.
14. Of course adaptation of the decision rules may be needed, e.g. when suitable epidemiological studies identify undisputed CSE cases of mild to moderate severity. An
improvement to be considered is the requirement of a minimum contribution of the
Memory and Attention domains to the aggregated CogImp score. However, in view of
the different test sensitivities, first high quality reference data should be available for
all tests applied. Further, the development is desirable of rules to decide on the 'absence', 'possible-' or 'likely' presence of frequent non-solvent causes that can induce
a clinical picture like CSE.
15. Such a battery should contain at least one test in each subdomain. Our results regarding individual tests can contribute to the choice of a core test battery, however
other considerations, e.g. on test validity, normally distributed results in reference
group, simple execution, well chosen distribution over functions, relative independency of cultural context, etc. need to be added. As there appears no specific pattern of
impairments in CSE patients from diverse occupations, we are convinced that, given
the 'multifunctional' vulnerability in this disease, a broad test set is needed, including
the core-test battery, and covering each of the nine subdomains by at least two tests.
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Abstract
Introduction
The presence of neuropsychological impairment is a hallmark of chronic solvent-induced
encephalopathy (CSE), and using clinical neuropsychological procedures to generate a valid
assessment of the condition is crucial for its diagnosis. The goals of this consensus document are to provide updated knowledge of the neuropsychological characteristics of CSE
and to provide internationally acceptable guidelines for using neuropsychological assessments in the process of diagnosing patients who are suspected of having CSE.

Materials and methods
A European working group that was composed of experts in the field of the clinical diagnosis
of CSE met at several round-table meetings and prepared this report. The first section of the
consensus paper addresses a review of the relevant literature that was published between
1985 and March 2012. The second section addresses recommendations for the clinical neuropsychological assessment of patients who are suspected of having CSE.

Results
The literature review indicates that the most common neuropsychological impairments in
CSE patients are within the domains of attention, particularly the speed of information processing, memory, and motor performance. It appears that the influence of CSE on memory
processes mainly involves immediate recall and generally involves verbal, visual and
visuospatial material.
In the second section, six recommendations are presented regarding important functional
domains for the neuropsychological diagnostic process of CSE that relate to the evaluation
of neuropsychological impairment, the assessment and evaluation of symptoms, differential
diagnostic considerations, the reliability and validity of neuropsychological test results, and
the retesting of patients.

Discussion and conclusions
These recommendations will contribute to the improvement of the process for accurately
diagnosing CSE, better counselling for CSE patients, the comparability of epidemiological
data between countries, and finally, by raising awareness, these recommendations will contribute to combating the adverse health effects of occupational exposure to solvents.
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Introduction
Long-term occupational exposure to organic solvents may result in a brain syndrome known
as chronic solvent-induced encephalopathy (CSE). During the 1970s and 1980s, there was
growing awareness of a consistent pattern of symptoms and complaints that were reported
by workers that were related to long-term solvent exposure, especially in Nordic countries.
Since then, a large number of researchers have shown evidence of impaired neuropsychological performance in workers who are exposed to solvents (e.g., Arlien-Søborg et al., 1979;
Hänninen, 1988; Meyer-Baron et al., 2008).
Structural neurotoxicity was confirmed in both animal (Korbo et al., 1996, Nielsen et al.,
2006) and in vitro studies (McDermott et al., 2007) for several individual solvents. A recent
overview of the neuronal effects of solvent abuse (Yücel et al., 2008) showed that severe
central nervous system dysfunction and diffuse structural damage in the cerebral white matter in periventricular/subcortical regions of the brain are present in solvent abusers but that
the solvent concentrations in these cases generally exceeded those in occupational settings
by a wide margin. The neurotoxic mechanism that underlies the influence of organic solvents
on the central nervous system is not yet fully understood (Ridgway et al., 2003). In some
CSE cases, neuroradiology and functional imaging have been used to demonstrate mild
cortical atrophy (Mikkelsen et al., 1988, Keski-Säntti et al., 2009, Haut et al., 2006) and effects in dopamine-mediated frontostriatal circuits (Visser et al., 2008).
CSE usually develops gradually in conjunction with ongoing exposure to organic solvents. A
minimum of more than 10 years of substantial everyday exposure to solvents while at work
is regarded as a requirement for developing CSE (DGUV 2010, Keski-Santti et al., 2010,
Mikkelsen et al., 1988, Viaene et al., 2001). However, CSE may also be encountered in cases of very high exposure over a shorter period of time. Initial symptoms of CSE are usually
reported before the cessation of exposure to a solvent, and they generally do not progress
after the cessation of exposure (van Valen et al., 2009). In patients who are referred for diagnosis and treatment of CSE, the assessment of past individual lifetime exposure to neurotoxic solvents is crucial in the diagnostic process, although the retrospective estimation of
exposure potentially being liable to substantial errors must be taken into consideration
(Burstyn and Kromhout 2002; Tielemans et al., 1999).
Due to the non-specific clinical picture of CSE as a condition that affects cognition and emotion in ways that essentially overlap the damage profiles of other neurological and psychiatric
diseases and the potential errors in the estimation of relevant solvent exposure, the clinical
diagnosis of CSE requires a multidisciplinary team. This multidisciplinary team generally
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includes a neurologist, an occupational physician, an occupational hygienist and a neuropsychologist. Practitioners of other disciplines, such as a psychiatrist or toxicologist, may
also be consulted. The assessment includes collecting the exposure and medical histories of
the patient along with the patient’s symptoms and their course in relation to the patient’s exposure and medical histories, the detection of the presence of neurological signs of CSE,
and the measurement of the quantity and quality of neuropsychological impairment in relation to other causes that affect mental abilities. The team works together to reach a consensus regarding the probability of CSE relative to alternative causes of health complaints,
which are usually other diseases.
To aid in the diagnostic process, working groups provided classification systems for determining the character and severity of CSE: a WHO report (WHO, 1985) and a workshop that
took place in Raleigh, NC (Baker and Seppäläinen, 1986). A schematic overview of both
classification systems can be found in Table 1. In 1997, a paper by White and Proctor
(1997) provided knowledge about CSE to a wider clinical community, but there are still no
uniform criteria that are in use for characterising CSE in both epidemiological studies and
patient evaluation (van der Hoek et al., 2000, 2001)
The diagnosis of CSE depends largely on the results of a neuropsychological assessment
that objectively evaluates the cognitive impairment of the patient. It is supposed that the impairment has been caused by the permanent dysfunction of frontostriatal brain circuits (Visser et al., 2008) resulting from chronic exposure to neurotoxic solvents. More than two decades of experience with the neuropsychological aspects of the evaluation of CSE in Europe
are now being used in an effort to elaborate on the existing classification systems with the
aim of developing more distinct and practical guidelines for the diagnosis of CSE on the basis of neuropsychological test results.
There are two main aims of this paper: 1. to provide updated knowledge about the neuropsychological characteristics of CSE and 2. to provide guidelines for the use of neuropsychological assessment in the process of diagnosing patients who are suspected of having
CSE. The development of a standardised approach to the neuropsychological assessment
of CSE will facilitate both the diagnostic evaluation of individual CSE patients and the international comparability of clinical and epidemiological studies of CSE patients.
The first section of this paper includes a review of the scientific literature regarding the neuropsychological characteristics of CSE that focuses on the articles that were published after
the WHO and Raleigh workshops. The second section of this paper includes the guidelines
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for the neuropsychological assessment of CSE that have been suggested by the consensus
of the group.

Table 1: Classification systems for CSE according to WHO and Raleigh workshops
WHO Criteria

Raleigh Criteria

Type I

Organic affective syndrome

Pathophysiology:

Unclear

The patient complains of non-specific

Course:

Days to weeks, no sequelae

symptoms such as fatiguability, memory

Clinical manifestations:

Depression, irritability, loss of interest in

impairment, difficulty in concentration, and

daily activities

loss of initiative. These symptoms are

-

reversible if exposure is discontinued, and

Reduced CNS function:

Type 1

Symptoms only

there is no objective evidence of neuropsychiatric dysfunction.
Type II

Mild chronic toxic encephalopathy

Pathophysiology:

Unclear

Course:

Insidious

Type 2 A

There is a marked and sustained change
onset,

duration

weeks

to

in personality involving fatigue, emotional

months, reversibility variable
Clinical manifestations:

Fatigue,

Sustained personality or mood change

mood

disturbances,

lability, impulse control, and general mood
memory

and motivation.

complaints, attentional complaints
Reduced CNS function:

Psychomotor function (speed, attention,

Type 2B

Impairment in intellectual function

dexterity); short term memory; other ab-

There is difficulty in concentration, im-

normalities common

pairment of memory and a decrease in
learning capacity. These symptoms are
accompanied by objective evidence of
impairment. There may also be minor
neurological signs. The complete reversibility of Type 2B is questionable.

Type III

Severe chronic toxic encephalopathy

Pathophysiology:

Unclear, often associated with structural

In this condition, marked global deteriora-

CNS damage

tion in intellect and memory is often ac-

Insidious onset, duration indefinite, usually

companied by neurological signs and

irreversible

neuroradiological findings. This condition

Loss of intellectual abilities of sufficient

is, at best, poorly reversible, but is gener-

severity to interfere with social or occupa-

ally nonprogressive, once exposure has

tional functioning; impairment of abstract

ceased.

Course:
Clinical manifestations:

Type 3

thinking; impaired judgment; other disturbances of cortical function; personality
change
Reduced CNS function:

Types of abnormality similar to mild toxic
encephalopathy; more pronounced and
pervasive functional deficits; some neurophysiological and neuroradiological test
abnormalities
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Dementia

Methods
Method for obtaining updated knowledge regarding neuropsychological characteristics of CSE
To describe the neuropsychological characteristics of CSE, two relevant and important
sources of data must be considered: data from epidemiological studies of solvent-exposed
workers and data from patient studies. Both sources have advantages and disadvantages in
terms of the information about CSE that they provide.
Epidemiological information about exposed workers has the advantage that subjects may
not have been selected on the basis of various signs and symptoms prior to the start of a
study. The disadvantage of this approach is that in countries where the exposure rates are
relatively low, only a few workers with signs and symptoms that are moderate-to-severe will
be found, partly because most workers with moderate-to-severe symptoms will have left their
jobs and partly because exposure to organic solvents has declined in many jobs in the last
few decades (Caldwell et al, 2000). Many workers have only been exposed to solvents for a
few years, which is in contrast to, for example, retired workers, who are not often included in
studies of populations of workers. It is often difficult to discriminate between acute and
chronic solvent effects in those studies because the workers have seldom been out of a situation in which there is solvent exposure for a sufficiently long interval prior to testing.
Data from patients who have been diagnosed with CSE have the advantage that the included populations can be compared, and data from this type of study group have immediate
relevance for clinical assessment protocols. Furthermore, symptoms are more severe in
these patient groups, and thus, they are easier to describe, and workers who drop out of a
given population of workers due to illnesses or retirement can be included in a patient group.
However, clinical studies are subject to referral- and investigator biases; the pattern of
emerging patient characteristics is often influenced by the signs and symptoms that are used
as the criteria for referral and by the signs and symptoms that are considered ‘characteristic’
in labelling a patient as having CSE by the investigator, which in turn influence the choice of
tests that are used and the questions that are asked.
Data from epidemiological studies of solvent-exposed workers on neuropsychological characteristics were reviewed in recent meta-analysis of Meyer-Baron et al. (2008), and the findings of this analysis are described in the results section of this paper.
No reviews regarding the neuropsychological characteristics of CSE are available. Reviews
by Baker (1994) and Mikkelsen (1997), which cover some of the same studies, are primarily
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concerned with exposed workers, and not with patients. Therefore, to provide an update to
the knowledge about the neuropsychological functioning of CSE patients that was discovered after the WHO and Raleigh workshops in 1985, we reviewed the scientific literature
from January 1985 until 1st March 2012. Several databases, including EMBASE, PsycINFO
and PubMed were searched, and searches were limited to studies of humans that were published in the English language. In Appendix 1 the search strategy is listed for the three different databases. The following criteria were set for studies that were included in this review:
the study population must have included clinically diagnosed CSE patients, the neuropsychological measures must have been studied at a group level, the neuropsychological
measures must have been compared with data from a control group or normative data and
the study population must have consisted of at least 10 CSE patients.

Consensus method for providing guidelines for the neuropsychological assessment
of patients who are suspected of having CSE during the diagnostic process.
To obtain neuropsychological guidelines for diagnosing CSE, the Dutch Solvent Teams initiated two successive European round-table meetings that took place in Cologne and Amsterdam. In collaboration with the Scientific Committee on Neurotoxicology and Psychophysiology of the International Commission on Occupational Health, European experts in the field of
the neuropsychological diagnosis of CSE received several notices that they had been invited
to participate in the European CSE Consensus Group (Consensus group). The majority of
these participants were neuropsychologists, but the following other disciplines were also
represented: neurology, toxicology, and occupational medicine.
All meetings of the Consensus group were chaired by dr Christoph van Thriel. In the first
meeting of the Consensus group, the participants presented their diagnostic procedures
along with their considerations regarding the diagnostic criteria that they were using. In the
second meeting, the participants presented typical cases to illustrate their current diagnostic
procedures in practice. In discussing the clinical evaluations of these cases, the group came
to an agreement about the overall design of the neuropsychological evaluation.
Ten members of the Consensus group formed a writing group and prepared an initial draft of
this report on the basis of the outcomes of the meetings of the Consensus groups,
knowledge from the scientific literature that will be presented later in this report, and expert
clinical experience within the group. In subsequent revisions, the writing group incorporated
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most of the comments from the entire Consensus group. The final version was approved by
all of the members of the Consensus group.
We have chosen to present our contribution to neuropsychological diagnostic guidelines for
CSE as a group of six recommendations regarding the following: cognitive domains, subdomains of the assessment and related aspects, application of a rating of the severity of the
cognitive impairment, assessment of symptoms, differential diagnosis, reliability and validity
of test performance and the need to retest patients. A summary of the recommendations can
be found in Appendix 2.

Results
Neuropsychological characteristics of CSE
Meyer-Baron et al. (2008) analysed 46 epidemiological cross-sectional studies of workers
who had been occupationally exposed to solvents. It appeared that the performance of exposed workers was poor in comparison to the performance non-exposed workers, especially
in the domains of attention (attention span, and sustained attention) and complex cognitive
operations (switching attention). Speed and motor performance decrements were also observed in the exposed workers, and exposed workers also demonstrated poorer memory
performance, but only in the Benton visual retention test. It is worth noting, however, that this
meta-analysis only analysed the results of tests that were applied in at least three studies,
and few memory tests were applied in several studies. In addition, a Digit Span test was
allocated to the domain of attention. Finally, the results of a Block Design test, which
measures visuospatial organisation abilities, appeared to discriminate between exposed and
non-exposed workers. Although the overall effect sizes were small, the authors state that
these findings should not be underestimated because they are found among active populations of exposed workers in a cross-sectional design.
The literature search regarding data from CSE patients, as described in Appendix 1, retrieved 808 articles from PsycINFO, 611 articles from EMBASE, and 1972 articles from
PubMed, and 570 of these articles were duplicates. Of the 2821 unique articles, only 51 focused on data from CSE patients. Of these 51 articles, 20 lacked information about neuropsychological effects. Three other studies only described individual patients, not group-level
effects, and two more only provided data regarding changes in the neuropsychological tests
results without reporting data about the initial neuropsychological assessments. Six articles
were excluded because the patient group in each study comprised less than 10 subjects.
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One reference was to a dissertation, the data from which were not published in a peerreviewed journal, so it was also excluded. A survey of the references of the articles that were
included in our analysis resulted in four additional articles that met our inclusion criteria. A
recent study that applied an approach that was very similar to the one described in the present report but that focused on a Dutch patient population was also included (Verberk et al.,
this issue), which resulted in the inclusion of a total of 24 articles that included neuropsychological data from CSE patients.
Not all studies reported neuropsychological results at the test level. These studies are not
included in tables 2-4; the studies by Hänninen (1988) and Dryson et al. (2000) only reported
data about the various subdomains and the overall level of impairment. Bendiksen and
Bendiksen (1992) reported raw scores on the Rivermead Memory Test to evaluate a treatment program. Berstad et al. (1989) only reported neuropsychological impairments in a verbal description. The results of Gade et al. (1988), who did not find any neuropsychological
impairment among CSE patients, were also excluded from tables 2-4 because their results
are likely biased by overcorrection. The remaining 19 studies are listed in Tables 2-4. We
have chosen to list whether the results of the neuropsychological tests in the various studies
differed significantly between CSE patients and control or reference data.

All of the included studies focused on patients who had been diagnosed with CSE and excluded patients whose pathologies had clear alternative causes. None of the patients who
were studied had a history of recent solvent exposure at the time of assessment. Only the
studies that were conducted by van Hout et al. (2006), Visser et al. (2008) and Verberk et al.
(this issue) reported sub-optimal performance on the basis of specific symptom validity tests.
Other studies did not address the subject of sub-optimal performance, although patients who
demonstrated sub-optimal performance may have been excluded from their respective studies under a label of “other cause” of pathology. Not all of the neuropsychological data that
were obtained from CSE patients were from their initial assessments, although a (preliminary) diagnosis is usually based on data that are obtained at an initial assessment. In fact, 8
of the 19 studies presented in Table 2-4 used data from reassessments. The results of those
studies might therefore reflect an underestimation of the full neuropsychological impairment
because of learning effects or recovery that occurred between the initial assessment and
reassessment. The study characteristics of the included studies are presented in Table 2.
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Tables 3 and 4 list the neuropsychological impairments that are found in the CSE patients.
Table 3 describes the results of each of the tests that were applied, and Table 4 describes
the results of each study.

Reference

Year of publication

N

Time of measurement

Control group / normative data

Table 2: Characteristics of studies of neuropsychological effects in CSE patients 1985-2011

Akila et al
Bast-Pettersen

2006
2009

11 CSE
48 CSE

Re-test
First evaluation

Edling et al
Ellingsen et al

1990
1997

46 CSE 2B
42 CSE

First evaluation
First evaluation

Eskelinen et al

1986

21 CSE

First evaluation

Ganzevles et al
Godderis et al

1992
2010

15 CSE
33 CSE

First evaluation
Re-test

Gregersen et al
Keski-Säntti et al
Lindgren et al
Linz et al
Nilson et al

1987
2007
1997
1986
1996

First evaluation
Re-test
Re-test
First evaluation
First evaluation

Nilson et al

1999

First evaluation

Matched control group

Ojanpää et al
Österberg et al

2006
2000

Re-test
Re-test

Matched control group
Matched control group

Ørbaek et al

1987

Re-test

Matched control group

Van Hout et al
Visser et al

2006
2008

First evaluation
Re-test

Matched control group
Matched control group

Verberk et al

2012

21 CSE
86 CSE
12 CSE
15 CSE
20 CSE
25 non-CSE
19 referents
20 CSE
25 non-CSE
19 referents
13 CSE
31 CSE 2A
26 CSE 2B
32 CSE
32 controls
85 CSE
10 CSE
10 exposed
10 non-exposed
202 CSE 2B

Matched control group
Matched control group
144 controls
65 CSE 1 as controls
Normative data
Stratified for exposure (≤18 or ≥ 18 years)
16 Vertebrobasilar insufficiency
16 cerebral trauma
15 headache
7 controls
144 solvent workers
53 referents
19 non exposed as control group
Control group
Matched control group
Normative data
Matched control group

First evaluation

Normative data
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Table 3: Neuropsychological results literature review
Domain

Effect
p≤ 0.05

Suggestive
0.05≤ p ≤ 0.10

Not demonstrated
p≥ 0.10

I
Attention
Processing speed
Cognitive reaction time
Digit-Symbol WAIS-R

Digit-Symbol WAIS
Digit-Symbol WMS
Symbol-Digit NES2
WAIS-R arithmetic
Digit-Symbol (TUFF)
Identical numbers (TUFF)
Dots, speed (TUFF)
Dots, fluctuation (TUFF)
Dots, errors (TUFF)
Dots, error fluctuation (TUFF)
Substraction test
Symbol-digit modalities writing
Symbol-digit modalities reading
Symbol-digit substitution (Neuroscreen)
Letter search task
Trail Making Test A

Visser (MPT 1 and 2)
Bast-Pettersen
Österberg
Lindgren
Keski-Säntti
Linz
Ellingsen
Eskelinen
Verberk
Linz
Nilson 96
Edling
Ørbaek
Nilson 96
Edling
Nilson 96
Edling
Ørbaek
Ørbaek
Ørbaek
Ørbaek
Gregersen
Ganzevles
Ganzevles

Stroop color-words

Godderis
Ojanpää
Bast-Pettersen
Visser
Van Hout
Ojanpää
Linz
Nilson ‘99
Bast-Pettersen
Visser
Van Hout
Ganzevles
Ojanpää
Linz
Ellingsen
Nilson ‘99
Visser
Verberk
Van Hout
Verberk
Van Hout

Color-word test
Color-word test NES2

Ørbaek
Verberk

Trail Making Test B

Stroop words
Stroop color
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Ganzevles
Ellingsen
Verberk

Verberk

Ganzevles

Van Hout

Ganzevles

Visser

Visser
Ganzevles

Verberk

Domain
Complex attention
Trail Making Test B given A
Stroop color-words interference
Trial Making Test
APT inhibition, level
APT inhibition, variation
APT inhibition, error ratio
APT-k test, d’
APT-k test, β
APT-k test, correct left
APT-k test, correct center
APT-k test, correct right
APT-k test, strategy
APT-k test, error ratio
APT-k test, d’
Choice reaction time

Effect
p≤ 0.05

Suggestive
0.05≤ p ≤ 0.10

Not demonstrated
p≥ 0.10

Ganzevles

Van Hout

Van Hout
Ganzevles
Österberg
Österberg
Österberg
Österberg
Österberg
Österberg
Österberg
Österberg
Österberg
Österberg
Österberg
Ørbaek

II
Memory and learning
Immediate recall
Digit-Span forwards WAIS
Digit-Span backwards WAIS
Digit-span WAIS-R
Digit Span WMS
Digit-Span backwards Neuroscreen
Digit-Span forwards NES2
Digit-Span backwards NES2
Spatial Span CANTAB
WAIS-R digit span
WMS-R verbal paired associates
Digit Span
Paired associates
Paired Associates Learning CANTAB stages completed
Paired Associates Learning CANTAB trials to succes adjusetd
Associate Learning WMS
Paired Associates Learning CANTAB memory score
Spatial Working Memory CANTAB strategy score
Spatial Working Memory CANTAB within-search errors
Spatial Working Memory CANTAB between-search errors
CVLT total list A
15-word test total
10 word WMS
Short story WMS
Rivermead stories immediate
Cronholm-Molander verbal memory immediate recall
Benton visual retention test correct + errors
Rey auditory verbal learning test trail I
Rey auditory verbal learning test trail V
Memory comparison task 1
Memory comparison task 2
Memory comparison task 3
Memory comparison task 4
Memory comparison task errors
Halstead-Reitan tactual performance test (HST) total time

Bast-Pettersen
Ganzevles
Keski-Säntti
Keski-Säntti
Ellingsen
Eskelinen
Godderis
Verberk
Verberk
Akila
Linz
Österberg
Lindgren

Bast-Pettersen

Gregersen
Ørbaek
Akila
Akila
Eskelinen
Akila
Akila
Akila
Akila
Van Hout
Verberk
Ganzevles
Verberk
Österberg
Nilson 96
Edling
Ørbaek
Linz
Linz

Van Hout
Bast-Pettersen

Ganzevles
Ganzevles
Ganzevles
Ganzevles
Ganzevles
Linz
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Domain
HST memory
HST location
Logical Memory WMS
Visual reproduction WMS
Word pair
Visual Gestalts
Graham-Kendall memory for design
Delayed recall
CVLT long term free recall
15-word test recall
Rivermead stories recall
Cronholm-Molander verbal memory delayed recall
Rey-Osterreith complex figure recall
Visual Gestalts
Story recall
Sentence recall

Effect
p≤ 0.05
Linz
Linz

Suggestive
0.05≤ p ≤ 0.10

Eskelinen
Eskelinen
Gregersen
Gregersen
Ørbaek
Van Hout
Ganzevles
Van Hout
Verberk
Österberg
Linz

Verberk

Gregersen
Gregersen
Gregersen

Recognition
CVLT recognition total
CVLT total hits
15-word test recognition
Tactual performance test
Pattern recognition memory CANTAB
Spatial recognition memory CANTAB
Picture recognition
Warrington faces

Not demonstrated
p≥ 0.10

Van Hout
Verberk
Van Hout
Ganzevles
Akila
Akila
Gregersen
Verberk

III
Fine motor performance
Motor speed
Motor reaction time
APT 2-way reaction time
Simple reaction time (Neuroscreen)
Simple reaction time
Simple reaction time NES2
APT Fingertapping
Fingertapping NES2
Santa Ana Fingertapping right
Santa Ana Fingertapping left
Dexterity
Grooved Pegboard
Gamma Cylinder Pegboard
Hand-eye coordination (Neuroscreen)
Hand-eye coordination NES2
Santa Ana dexterity right
Santa Ana dexterity left
Santa Ana dexterity coo
Hand-motor test

Visser (MPT 1 and 2)
Österberg
Godderis
Ørbaek
Verberk
Österberg
Verberk
Eskelinen
Eskelinen
Bast-Pettersen
Verberk
Österberg
Nilson 96
Edling
Godderis

Van Hout
Lindgren

Verberk
Eskelinen
Eskelinen
Eskelinen
Ørbaek
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Domain

Effect
p≤ 0.05

Suggestive
0.05≤ p ≤ 0.10

Not demonstrated
p≥ 0.10

IV
Concept formation and reasoning
Verbal
Vocabulary

WAIS-R information

Linz

Semantic fluency (animals)
Semantic fluency (occupations)
Semantic fluency (animals and occupatios))
Controlled word association test FAS
WAIS similarities

Van Hout
Van Hout
Verberk

WAIS-R similarities
WAIS-III similarities
WAIS-R comprehension
Synonyms (TUFF)

Linz
Verberk

Verbal fluency (Benton)
Halstead-Reitan categories
Non-verbal
Austin Maze test
Reasoning (TUFF)
Raven progressive matrices
Tower of London test
Tactual performance test
WAIS-R Object assembly
WAIS picture completion
WAIS-R Picture completion
WAIS-R Picture arrangement
Goldstein-Scheerer cube test level 1
Goldstein-Scheerer cube test level 2+3
Sorting test
Figure classification
V
Construction
WAIS block design time
WAIS block design number
WAIS block design
WAIS-R Block design
Block design (TUFF)
Complex figure of Rey copy
Rey drawing task simple
Rey drawing task complex
Rey drawing task diff
Mira right
Mira left
Mira form
Symmetry drawing test error
Symmetry drawing test rev
Symmetry drawing test form

Eskelinen

Nilson 96
Ørbaek

Visser (NART)
Van Hout (GIT)
Österberg (SRB)
Lindgren (Ekberg)
Linz
Österberg
Lindgren

Österberg
Van Hout
Ellingsen
Linz
Edling
Lindgren

Linz

Nilson 96
Ganzevles

Österberg
Edling
Ganzevles

Linz
Eskelinen
Linz
Gregersen

Linz
Ellingsen
Linz
Gregersen

Gregersen
Ørbaek

Ganzevles
Eskelinen
Van Hout
Verberk
Edling
Ørbaek
Linz

Ganzevles
Ellingsen
Österberg
Lindgren
Linz
Van Hout
Verberk

Ganzevles
Ganzevles
Ganzevles
Eskelinen
Eskelinen
Eskelinen
Eskelinen
Eskelinen
Eskelinen
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Table 4: neuropsychological impairments clustered by sub-domains
Attention
reference
Akila et al 2006

Speed

Bast-Pettersen 2009

+++
+++
+-+
+*****
+
+
+
++++
+++
++
+++
+
++++-++++++++*-++++-

Edling et al 1990
Ellingsen et al 1997
Eskelinen et al 1986
Ganzevles et al 1992
Godderis et al 2009
Gregersen et al 1987
Kestki-Santti et al 2007
Lindgren et al 1997
Linz et al 1986
Nilson et al 1996
Nilson et al 1999
Ojanpaa et al 2006
Osterberg et al 2000
Orbaek et al
Van Hout et al 2006
Visser et al 2008
Verberk et al 2011

Memory
Complex

+*

++++------+
+-

Immediate

+++++-+-+
+
++-+++++-+
--++
+
++++++
+

Delayed

Recognition

Fine motor
performance
Speed
Dexterity

Concept formation
and reasoning
Verbal
Non verbal

Construction

+

+
++----++---

Construction

++
+
+---+

+

++-

+

+

+
++-

*
+

+
+

++
+++
+*

+
++

+-

++++

+-

+-

+
+-

++
+
++

+
+
--

--+++-+
--+
++-++

++-+
-

+-

+
++-

Every + - or * represents one test variable, for the specific tests see table 3
+: demonstrated effect p≤ 0.05
*: suggestive effect 0.05 ≤ p ≤ 0.10
-: effect not demonstrated p ≥ 0.10

It can be discerned from these results that all but one of the studies used tests within the
domain of attention; only Akila et al. (2006) focused exclusively on memory functions. All but
one of the studies (Gregersen et al., 1987) also found at least one significant result regarding the speed of information processing, but there is some variability among the results; not
all measurements of the speed of information processing were significantly worse in CSE
patients. Only four studies assessed complex attention, but all of them found at least one
significant result.
Sixteen studies assessed memory and learning. All but one of the studies that tested immediate recall (Gregersen et al., 1987) found at least one significant result. Six studies assessed delayed recall, and all of them found at least one significant result. Recognition was
assessed by five studies, all of which found significant results.
Fine motor performance was assessed in twelve studies. There were more significant results
than non-significant results in tests of motor speed and dexterity. Thirteen studies assessed
concept formation and reasoning, and slightly more non-significant than significant results
were found among them. This observation was true for both verbal and non-verbal concept
formation and reasoning. Construction was assessed in eleven studies, and more nonsignificant than significant results were found among them.
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In addition to the findings from the literature that are discussed above, there is no evidence
that CSE patients have deficits in the perceptual domain of perception, with the exception of
some reports of slight decreases in colour vision (Castillo et al., 2001, Lomax et al., 2004;
Mergler & Blain 1987, Päällysaho et al., 2007), hearing (Campo and Maguin, 2007) and olfactory sensitivity (Gobba, 2006). These decreases in perceptive functions are very mild and
do not interfere with neuropsychological assessments (Päällysaho et al., 2007).
Furthermore, CSE patients do not usually exhibit impairment in the language domain; there
is no evidence of aphasia, which refers to losses of the functions of speech comprehension
and speech production, in CSE patients, nor is there evidence of losses in verbal functions
such as reading and writing abilities. This is consistent with previous population-based findings of a robust and gradual decline in test performance between early and late adulthood.
The observed performance declines are assumed to reflect more fluid aspects of intelligence, whereas verbal comprehension, which reflects crystallised intelligence, remains relatively stable over the entire lifespan of an individual (Hedden and Gabrieli, 2004). CSE patients sometimes show impaired performance on verbal neuropsychological tests, but these
problems can almost always be attributed difficulties in other domains and their related aspects such as speed of information processing, memory or concept formation as opposed to
difficulties in language functioning per se.
The contradicting results that were observed between individual studies are presumably
caused by the differences in study design, statistical power and heterogeneity of the study
groups; the quality and applicability of reference data; statistical methods; the sensitivity of
the applied tests and outcome variables; and the extent and specific pathogenicity of the
solvent exposure between one study and another. It is therefore unreasonable to expect
uniformity in sub-domains and single tests across studies.
Clinical and epidemiological neuropsychological evidence support the notion that some neuropsychological domains are more affected by long-term solvent exposure than others. From
this overview, it can be concluded that the most common neuropsychological impairments in
CSE patients are within the domains of attention and memory and to a lesser extent in motor
performance. Impairments within the domains of attention and motor performance were most
often observed in the subdomains of information processing speed and motor speed. The
influence of long-term solvent exposure on memory processes appears to involve immediate
recall more than other memory processes and generally influences memory for verbal, visual
and visuospatial information. Regardless of the memory processes that were studied, significant results that indicated poorer performance in CSE patients than in normal controls were

106

the dominant finding. Although the underlying cognitive and neural mechanisms of these
types of cognitive impairment are not yet understood, it is possible that both impaired processing speed at several levels and limitations in the capacity of working memory may be
the underlying mechanisms that affect "higher level" cognitive processes such as "fluid intelligence" and "executive control functions" (Royall et al., 2002).
There is some evidence from 18-20-years follow-up studies that suggest that there is exacerbation of cognitive impairment in CSE, particularly in association with heavier exposure
(Nordling Nilson et al., 2002, 2003, 2007, 2010). In general, however, the results of follow-up
studies of CSE patients indicate that cognitive functioning does not substantially deteriorate
after the cessation of solvent exposure, and slight improvements have been observed in
some patients (van Valen et al., 2009).

Characteristics of neuropsychological symptoms
The symptoms and complaints that patients report are an important part of the diagnostic
process. They are usually the first signs of the harmful effect that the occupational exposure
to organic solvents has on a patient, and they are therefore very useful for screening purposes (Kaukiainen et al., 2009a, 2009b). Furthermore, the impact of the damage that is
caused by exposure to organic solvents in daily life is most likely influenced more strongly by
the degree to which a patient experiences various symptoms and complaints than by neuropsychological or neurological impairment alone.
The WHO document about CSE reports that CSE patients are characterised clinically by
symptoms of fatigue, mood disturbances, memory complaints and attentional complaints
(WHO, 1985), whereas the proceedings of the Raleigh workshop (Baker et al., 1986) described CSE patients with type 2A CSE as having marked and sustained personality changes resulting in fatigue, emotional lability, impulse control, and general mood and motivation.
After the publication of these two documents, several studies were performed that specifically addressed the subject of symptoms and complaints in CSE patients.
Most research regarding the symptoms that result from long-term solvent exposure is conducted in active worker populations using self-report measurements. Symptoms and complaints that are commonly reported by both workers with histories of long-term solvent exposure and CSE patients can be categorised as being cognitive symptoms (e.g., concentration
difficulties, memory problems, attention problems, distractibility, forgetfulness), symptoms of
fatigue (e.g., tiredness, sleepiness, chronic fatigue, loss of initiative, sleep problems) and
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symptoms that affect the mood and well-being of an individual (e.g., depression, irritability,
anxiety, emotional lability, impulse control problems, general mood and motivation problems)
(Baker, 1994, Chen et al., 2001, Edling et al., 1990, Fidler et al. 1987, Godderis et al., 2011,
Karlson et al., 2000, Kaukiainen et al., 2009b, Lundberg et al., 1997; Morrow et al., 2000,
Ng et al., 1990, Ørbæk et al., 1988, Österberg et al., 2002;) In accordance with the results
of a study by Lundberg et al. (1995), solvent-exposed workers and CSE patients generally
report significantly more cognitive, fatigue, mood and well-being symptoms than nonexposed referents. However, these symptoms are not generally severe enough to be classified as being indicative of a psychiatric disorder according to the DSM-IV-TR criteria (American Psychiatric Association 2000).
There are some studies in which the psychopathology that is associated with solvent exposure does meet DSM criteria for axis I psychiatric disorders; in these studies, the psychopathology is measured by a clinician using a semi-structured interview, not by means of selfreports. The levels of psychopathology in groups of workers who have been exposed to organic solvents and in CSE patient groups appear to be higher compared with the levels of
psychopathology in a reference population. One study that compared 29 exposed workers to
32 non-exposed workers (Condray et al., 2000) found that mood disorders were more common among the exposed workers (41% of exposed workers had mood disorders compared
with 16% of non-exposed workers). Morrow et al. (2000) found a prevalence of psychopathology that met DSM-IV criteria of 71% among 38 solvent-exposed workers compared to
10% among the 39 controls in their study. The most prevalent disorders in the exposed
group were anxiety disorders (58%), which were followed by mood disorders (50%). A large
percentage of exposed workers had both a mood disorder and an anxiety disorder (36%). A
recent study (Visser et al., 2011) that included 203 patients who met the first 3 WHO criteria
for type II CSE found that 25% of the patients had a comorbid mood disorder (18% had major depression, 7% had dysthymia), and 27% of the patients had a comorbid anxiety disorder
(9% had panic disorder, 10% had generalised anxiety disorder and 8% other phobias). Interestingly, the prevalence of alcohol-related disorders was lower in the CSE group than it was
among the 3212 reference participants. The discussion of whether mood and affective disorders in CSE patients should be an exclusion criterion in the diagnosis of CSE or whether
they can be viewed as part of the CSE syndrome that may reflect the dopaminergic abnormalities that have been observed in CSE patients (Visser et al., 2008) remains unresolved.
However, milder forms of anxiety and depression appear to be so common in CSE patients
that they might be regarded as an intrinsic part of the set of symptoms that can be used to
characterise CSE.
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A systematic review of the course of CSE research (1970-2008) addressed the course of
psychiatric functioning and symptoms that are associated with the condition (van Valen et
al., 2009). There were no follow-up studies that assessed psychiatric functioning, although
various studies addressed self-reported psychological symptoms (Åbjörnsson et al., 1998;
Antti-Poika, 1982; Bruhn et al., 1981; Edling et al. 1991; Juntunen et al., 1982; Morrow et al.,
1991; Ørbæk et al., 1988). Some improvement in the physical and mental symptoms of CSE
was found in most studies, but no study found a complete reversal of symptoms upon followup. The reported percentages of patients who showed improvement in CSE symptoms
ranged from 37% to 52%, but there was no change in the symptoms that were expressed in
many patients (27% to 47% of patients had no change in symptoms). Improvement in severity of symptoms ranged from 11% to 33%. However, symptoms appeared to worsen in some
patients; 16% to 21% of the patients who were studied had more symptoms upon follow-up.
One study (Bruhn et al., 1981) found a follow-up deterioration of the severity of both mental
and physical symptoms of 6%. Kaukiainen et al., (2009b) showed that the symptoms of CSE
in diagnosed patients tend to decrease after an interval of one to three years, but not the
cognitive symptoms. From the aforementioned studies, it can be determined that symptoms
and complaints appear to either be stable or slightly improve over time, but that they will not
disappear. (DGUV 2010, van Valen et al., 2009).
When floor-layers who had formerly been highly exposed to organic solvents were compared
with normally exposed referents in an 18-year follow-up study, the floor-layers showed elevated levels of fatigue and depressive mood compared with the referents. After 18 years, a
diminished interest in sex became a prominent symptom among the older floor-layers, but it
was not a problem in age-matched controls. The floor-layers who had been exposed to the
highest amounts of organic solvents reported more symptoms of concentration difficulties
and irritability than other participants. Interestingly, over time, the degrees of severity of other
symptoms, including memory difficulties and irritability, decreased among the floor-layers,
whereas they increased in referents (Nordling Nilson et al., 2007). After more than 20 years
follow-up, printers who had previously been heavily exposed to organic solvents reported
more depressive symptoms than members of a non-exposed matched control group (Nordling Nilson et al., 2010). These findings support the hypothesis that exposure to solvents
may negatively interact with normal aging, as has already been discussed (Nordling Nilson
et al., 2002, 2003).
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Guidelines for the neuropsychological assessment of CSE
Prerequisites for the neuropsychological assessment for CSE are the following:
-

Verified and sufficient exposure to (mixtures of) organic solvents that are capable of
causing chronic neurotoxic effects

-

A clear temporal relationship between the onset of symptoms and solvent exposure

-

Reasonably good exclusion of other causes for the symptoms of the patient

Furthermore, the use of medication that affects either alertness or arousal level immediately
prior to assessment should be avoided. However, the test performance may be worse if the
treatment of a patient who has been subject to long-term use of a particular medication for
the treatment of a disease such as anxiety is abruptly terminated. Recent solvent exposure
should be avoided (the exposure-free period generally varies from a minimum of 1 day to 5
days or longer depending on the elimination halftime of the specific solvents), and testing
should be postponed until any treatable conditions have been addressed. For example, both
ongoing alcohol abuse and manifest clinical depression are contra-indications for the evaluation of cognitive functioning. In cases of alcohol abuse, a period of at least six months of
abstinence is recommended prior to neuropsychological evaluation.

Cognitive domains

Recommendation 1. Cognitive domains
Assessment of the following domains and associated sub-domains / related aspects is recommended for the neuropsychological examination of CSE patients:
Attention (Processing speed, Complex attention)
Memory (Immediate recall, Delayed recall, Recognition)
Fine motor performance (Motor speed, Dexterity)
Concept formation and reasoning (Verbal, Non-verbal, Construction)

Within the fields of clinical neuropsychology and cognitive neuroscience, different taxonomies are used to classify cognitive functions and the neuropsychological tests that assess
these functions (Gazzaniga et al., 2002; Kolb and Wishaw, 2008). Classification systems
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that are used in related disciplines, such as the DSM-IV-TR (American Psychiatric Association 2000), are not intended to provide descriptions of cognitive functioning from a neuropsychological perspective. Due to the emerging knowledge of brain functions, the theoretical
frameworks that underlie a variety of cognitive functions have been refined since the time of
the development of the WHO and Raleigh documents. On the basis of a classification system that was designed by Lezak (2004), we have adapted a domain graduation that takes
the domains that are assumed to be relevant in CSE into account. Most domains include
either subdomains or related aspects to ensure that a variety of relevant functions are assessed within a given domain.
The domain classification that is presented in this document differs slightly from the classification system that is presented in the WHO document. Examples of tests that belong to
each of the various subdomains / related aspects are presented in Table 3; however, assessment of each of these domains is complicated by the fact that most tests actually reflect
functions of more than one domain. We recommend assessing all of the aforementioned
subdomains in a thorough neuropsychological evaluation of CSE. Assessments of additional
domains are needed to fully describe the impairments in some patients, which is especially
true for differential diagnostic purposes. We recommend assessing memory for visual and
verbal functioning. In the current report, 'fine motor performance' refers to neuropsychological functioning, the impairment of which may be much more subtle than gross neurological
motor signs, such as paresis or extra-pyramidal signs.

Evaluation of cognitive impairment
The Raleigh and WHO criteria only offer rough guidelines for classifying the severity of the
cognitive impairment in CSE patients. Scientific studies of CSE generally omit information
about the effect size or severity of the cognitive impairment, which hinders our ability to
make comparisons across studies. Therefore, there is a need for a classification system that
can be used to estimate the severity of the cognitive impairment that is associated with CSE.
When assessing the possible effects of solvent exposure on cognitive functioning, the preexposure level of cognitive functioning in a given patient should be considered. Although
pre-exposure cognitive test results are not usually available, the pre-exposure level of cognitive functioning in a given patient can be estimated using his or her education level, socioeconomic status, or the results from a test of crystallised intelligence that is thought to re-
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main relatively stable over the course of life (e.g., a vocabulary score) (Hedden and Gabrieli,
2004).
The diagnostic accuracy of most neuropsychological tests is affected by demographic variables including age, education, and, in some cases, gender. Test norms that do not discriminate between different ages, and levels of education appear to be most accurate for middleaged individuals who have completed average amounts of education. Compared with
younger patients, older subjects who are poorly educated have a greater risk of being incorrectly classified as having cerebral impairment despite being healthy. Moreover, welleducated younger subjects will often be classified as not having cerebral impairment even
when they do have brain damage (Bast-Pettersen, 2009). The guideline described below
recommends the use of normative data that provide an adequate level of correction for demographic variables. However, the system implicitly assumes that patients who are examined have average cognitive functioning abilities after accounting for their ages and levels of
education. The aforementioned factors are especially important when diagnosing conditions
in which the neuropsychological effects are mild or moderate, which is true in most cases of
CSE.
The results from the literature search earlier in this document reflect the notion that there is
individual variability in cognitive impairment after long term exposure to organic solvents.
The same solvent induced brain dysfunction will lead to different behavioural and performance outcomes in different individuals. Thus, neuropsychological test results may be affected by comorbidity.
The lack of adequate normative data for neuropsychological tests is a problem. Even for
“core battery tests” (Anger et al., 2000; Anger 2003; Johnson et al., 1987), valid reference
data are only available in a few countries. Thus, at present, the approach of assessing several neuropsychological subdomains is recommended instead of an approach that requires
specific tests. Tests that are appropriate to the cultural and educational backgrounds of the
referred patients should be selected.
As long as the sensitivity of neuropsychological tests regarding CSE remains unknown, we
recommend using at least two tests within each subdomain or related aspect to avoid a situation in which an extreme test result due to a single test being either extraordinarily sensitive
or insensitive has an unreasonably large impact on the overall evaluation. For good clinical
practice and for reasons of comparability, thorough documentation of the version of each
test that was used, the way that each test was administered and the set of test variables that
were taken into account is needed, as is a record of which normative data were applied.
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Substantial improvement in international comparability can only be achieved by using a set
of tests in which each of the tests is both sensitive to and specific for CSE and for which the
sensitivity and specificity of each test is equal to that of its equivalent tests in other countries.
This goal can also be accomplished by using a core battery of tests that is exactly the same
in all of the countries in which it is given. The development of this type of well-composed
core battery of tests might be the next step in the process of improving and creating harmony among the diagnostic procedures that are used to test for CSE.
In determining a method of rating the severity of cognitive impairment, it is important to remember that there is variability in the results of neuropsychological tests in healthy populations. It is quite common for healthy people to have one or more test results in a full neuropsychological assessment that are relatively lower than their results in other domains (Binder
et al., 2009; Österberg et al., 2000, Palmer et al., 1998). Thus, the Consensus group recommends conservative criteria for determining the degree of neuropsychological impairment.
To address the generation of descriptive labels that are indicative of the overall cognitive
impairment score, a decision has to be made regarding the cut-off criteria for negligible cognitive impairment and for mild cognitive impairment. It is common practice to choose a cut-off
criterion of 5% when problems or handicaps in daily life cannot be used to predict a test cutoff criterion. However, we would prefer to propose a cut-off criterion for the overall cognitive
impairment of 16% for three reasons. First, it is important to compensate for the fact that
people who had a relatively high level of premorbid cognitive functioning for their age and
education category may have a diminished chance of being labelled as having impairments
in cognitive functioning. Second, the results of tests in a battery are correlated to some degree, which diminishes the chance that a patient will be labelled as having impaired cognitive
function. Third, when more than two tests are used to evaluate a given subdomain/related
aspect and this subdomain/related aspect happens to be the only one in which the person
has cognitive impairment, it will be harder to generate a label of impaired cognitive function
such that the patient has no impairment in the other domains and subdomains/related aspects. See figure 1 for the relation between cut-off scores and chance probability depending
on the number of tests
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Recommendation 2. Estimation of the severity of cognitive impairment.
A method of estimating a rating the severity of the overall cognitive impairment in a patient is
recommended. According to the proposed method, all of the test variables are converted into
impairment scores. Test results that are lower than 16th percentile and that are higher than
or equal to the 5th percentile* are recoded as 0.5 ‘impairment points’. Scores that are lower
than the 5th percentile are recoded as 1 'impairment point'. The impairment scores of the
tests are averaged to obtain an overall impairment score for each sub-domain / related aspects of the domain. The sub-domain / related aspect impairment scores are subsequently
averaged to obtain an impairment score for the entire domain, with the exception of domain
5, which should be treated as a related aspect of domain 4. Finally, the impairment scores of
all of the domains are averaged to yield a total impairment score that ranges between 0-1.

* Percentile refers to the distribution of test results in a non-selected population of the same
age, gender and education. Test results < the 16th percentile are equivalent to normally distributed test results that are lower than -1 SD, -1 z-score, T40 or the lower half of stanine 3.
Test results < the 5th percentile are equivalent to normally distributed test results that are
lower than -1.65 SD, -1.65 z-score, T32 or stanine 1.

Cut-off scores for the labels of mild, moderate and severe impairment are still under discussion. In general, CSE patients have mild-to-moderate cognitive impairment. The example
that is presented in Box 2 would presumably be labelled as having moderate cognitive impairment. Severely impaired patients seldom have only CSE; many also have progressed to
dementia or other neurodegenerative diseases. The proposed system for evaluating the degree of cognitive impairment is only one facet of the total neuropsychological assessment.
Neuropsychological expertise is always needed to interpret the individual test results and to
include observations of the cognitive status, behaviour and interpersonal contact abilities of
the patient in the assessment; such expertise is also needed to assess the patient’s attitude
and the severity of the subjective symptoms and observed difficulties in the patient. The results of an overall severity evaluation may therefore deviate from the exact calculations that
are described above, and it is important that the grounds that form the basis of this type of
judgment are made explicit. The severity evaluation that is proposed in this text is completely
independent of legislative considerations; it has no pretension of establishing some border
between legal confirmation and denial of the severity of a patient’s disease, and it should not
be used for that purpose.
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Figure 1: Probability (Y-axis) for an average person to obtain an (absolute) impairment
score* equal or greater than indicated (X-axis) in using a number of (uncorrelated) tests
ranging from 7-25. The available relative impairment scores (between 0.10 and 0.21, multiplied by 100) are shown in the circles of the respective graphs.
Example: 2.5 or 3 impairment points obtained in executing 15 tests, correspond to (relative) impairment scores of 0.17 (2.5/15)
respectively 0.20 (3/15). The chance probability to obtain 2.5 points (X-axis) or more in executing 15 tests is 21%, shown as
0.21 on the Y-axis The corresponding point (circle) is marked by 17 (100x0.17) on the graph for 15 tests (▲---▲). The chance
probability to obtain a (relative) impairment score of 0.20 or greater by executing 15 tests is indicated by the next circle to the
right (marked by 20) on this graph, i.e. 11%.
The Figure shows that, starting from an acceptable chance probability of e.g. 20% (0.20) to obtain a 'pathological' impairment
score, the more tests are applied, the lower (relative) impairment score ('cut off score') is needed. With 7 tests the cut off score
would be 0.21 (1.5 impairment point), with 25 tests the nearest cut off score would be 0.16 (4 impairment points).
* i.e. the sum of the 'impairment points' defined in Recommendation 2, summated over all tests
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Assessment of symptoms
The most frequent and persistent symptoms that are reported by CSE patients are memory
and concentration difficulties, slowness of performance, fatigue, sleep disturbances, and
headache (Bast-Pettersen 2009; Karlson et al., 2000; Lundberg et al., 1997; Kaukiainen et
al., 2009 a, 2009b). In the studies that analysed the relationship between self-reported
symptoms and the severity of neuropsychological impairment as assessed by tests (BastPettersen 2006 and 2009; Karlson et al., 2000; Lundberg et al., 1997; Nordling Nilson et al.,
2007; Slavin et al., 2010), the subjective severity of the symptoms of a patient did not predict
the severity of neuropsychological impairment on an individual level. Consequently, we recommend that objectively verified cognitive impairment is a prerequisite for obtaining a diagnosis of CSE. However, a thorough investigation of the symptoms that are experienced by a
patient is also important in the diagnostic process, and it is especially important for characterising the disease and making a differential diagnosis of CSE. In conclusion, both the objective level of cognitive impairment and the subjective analysis of the symptoms of a patient
are important parts of the neuropsychological examination, but they should be evaluated
separately when making a final diagnosis.
The course of the symptoms in relation to the patient’s history of solvent exposure should be
discussed during the initial neuropsychological interview, and the results of this question can
serve as a diagnostic tool: the onset of CSE symptoms usually occurs after several years of
exposure to a solvent (or months in cases of very high exposure) and worsen with ongoing
exposure. However, acute symptoms may emerge less than an hour after exposure, and
these symptoms represent a normal reaction to intoxication. Thus, a person who is exposed
to solvents on a daily basis will by definition have “chronic symptoms” that continue to endure as long as the solvent exposure continues. Genuine symptoms of chronic exposure
cannot be assessed until an exposure-free interval has elapsed. Most CSE patients are
aware of their symptoms; a lack of awareness in a patient suggests the presence of another
disease.
The Consensus group recommends using the EuroQuest questionnaire (Carter et al., 2002)
to obtain subjective reports of the patients symptoms because it has the highest validity
among the surveys that have been developed to assess solvent-induced symptoms, such as
the EuroNES (Anger et al., 1994), the NSC-60 (Hooisma et al., 1992), the Q16 (Lundberg et
al., 1997), and the PNF (Seeber et al., 1978).
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Recommendation 3. Assessment of Symptoms
During the diagnostic process, symptoms should be evaluated separately from cognitive
functioning. In addition to collecting anamnestic information about symptoms during the neuropsychological interview, questionnaires that have been specifically designed to assess
symptoms that are relevant to solvent effects should be used.

Differential diagnosis
The indication of a causative link between the cognitive impairment and solvent exposure is
largely based on the accuracy of differential diagnostic methods because the symptoms and
cognitive impairment that are indicative of CSE may also arise as a result of several other
conditions in addition to solvent exposure.
Major conditions that affect cognition should be recognised and treated, if possible, before a
patient undergoes neuropsychological examination for CSE. Examples of common treatable
causes of cognitive impairment are sleep disorders, major depression, anxiety disorders,
substance abuse and the excessive use of CNS-affecting medication(s).
Members of a diagnostic team, such as neurologists, occupational physicians, or toxicologists, must examine whether there are other somatic or environmental effects that could be
the causes of the complaints of the patient. A non-exhaustive list of differential diagnosis is
reported in the EU information notices on occupational diseases and includes the following
(European Commission. Recommendation 2003): major depression, sleep disorders, neurodegenerative disorders (e.g., Alzheimer’s disease and Parkinson’s disease), neurovascular
disorders, neoplasms (e.g., brain tumours and paraneoplastic symptoms), metabolic causes
(e.g., avitaminosis and thyroid disorders), other toxic encephalopathies (i.e., those due to the
use of or exposure to alcohol, drugs, lead, and mercury), and traumatic brain disorders. In
addition, conditions such as chronic pain or developmental disorders such as ADD/ADHD,
dyslexia, (nonverbal) learning disorders, and autistic spectrum disorders may explain cognitive findings.
In the presence of major irreversible diseases that affect cognition, CSE can neither be identified nor ruled out. From the outset, it will be clear that the possibility of a combined etiology
must be considered. The Consensus group agrees with the ‘per exclusionem’ criterion of the
WHO only insofar as it expresses the need to elucidate the role of potential non-solvent
causes.
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Recommendation 4. Differential diagnosis
CSE may coexist with another pathological condition and general neuropsychological assessment alone cannot be used to establish which condition is the main contributor to the
neuropsychological impairment. However, if neuropsychological impairment persists after
the successful treatment of a reversible etiological condition, CSE should be suspected.
Treatable conditions that affect cognition should therefore be treated prior to neuropsychological assessment when possible.

Reliability and validity of test performance
Because a neuropsychological assessment is crucial for the diagnosis of CSE, it is important
that the neuropsychological test results reliably represent the cognitive capacity of the assessed patient. A sub-optimal performance may be due to conscious malingering, eagerness
to demonstrate experienced deficits, motivational problems, fear of failure, fatigue or lack of
endurance during testing.
Several denominations of these phenomena exist, including malingering, aggravation, insufficient effort, non-credible performance, sub-optimal performance or decreased symptom
validity. Because there is often no certainty regarding whether these phenomena are conscious or unconscious in nature, we chose to use the term sub-optimal performance and to
avoid the term ‘malingering’ because of its pejorative character. The occurrence of suboptimal performance has been shown to be increased among patients who are involved in
litigation (Greve et al., 2006, van Hout et al., 2003, Slick et al., 1999).
In accordance with a recent statement from a consensus conference (Heilbronner et al.,
2009), a neuropsychological assessment that seeks to establish a diagnosis of CSE should
include several approaches for detecting sub-optimal performance. Specific tests that are
designed to assess sub-optimal performance are available, including the Tombough Test Of
Malingering (Tombough 1996), the Amsterdam Short Term Memory Test (Schmand et al.,
1999), and the Word Memory Test (Green et al., 1999). Another approach is to check for the
presence of obviously inconsistent test results that are unlikely be explained by other causes
such as motor reaction times (in msec.) that are disproportionately long relative to cognitive
reaction times or faster performance (in msec.) on complex tests compared with performance on the simple versions of these tasks (Egeland et al., 2007). In cases in which suboptimal performance is suspected, poor test results should be considered inconclusive, and
a new assessment may be conducted after at least six months.
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Recommendation 5. Reliability and validity of test performance
The neuropsychological assessment should include at least one test to assess sub-optimal
performance, and implicit signs of sub-optimal test performance should be documented. In
cases of suspected sub-optimal performance, poor test results must be considered inconclusive.

Retesting of patients
In cases in which the diagnostic results are inconclusive, retesting after some time may be
considered. Retesting also provides additional information for differential diagnostic considerations. Between initial assessment and the re-assessment some differential diagnostic
conditions may be treated. Therefore, in some countries (e.g., Finland) the diagnosis of CSE
is only made after a comprehensive follow-up assessment is conducted one to two years
after the initial neuropsychological assessment.
We recommend allowing an interval of at least one year to elapse between tests to minimise
the effects of learning on the patient’s performance in neuropsychological tests. If solvent
exposure has ceased, the reassessment should consider information regarding the course of
the cognitive impairment after the cessation of exposure. As also mentioned in 3.1 paragraph, there is some evidence for exacerbation of cognitive impairment with aging, particularly in association with heavier exposure (Nordling Nilson et al., 2002, 2003, 2007, 2010). In
general, however, the results of follow-up studies of CSE patients indicate that cognitive
functioning does not substantially deteriorate after the cessation of solvent exposure, and
slight improvements have been observed in some patients (van Valen et al., 2009).

Recommendation 6. Retesting
Patients for whom the diagnostic results are inconclusive may be retested. We recommend
allowing a minimum interval of one year to elapse prior to retesting. Stable or slightly improved neuropsychological function after the cessation of solvent exposure is to be expected, whereas pronounced decline suggests the presence of another disease.
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Case description and qualitative aspects of neuropsychological assessment
An illustrative case of a CSE patient is presented in Box 1. The scores of this patient on the
neuropsychological tests are presented in Box 2, and qualitative aspects of neuropsychological test performance that are often observed in CSE cases are listed in Box 3.

Discussion
More than a quarter of a century has passed since the praiseworthy recommendations and
intentions of the WHO and Raleigh working groups were established, but still there is no
well-defined and internationally accepted procedure for diagnosing CSE. The intention of the
current Consensus group is to contribute to the development of such a procedure insofar as
neuropsychological aspects are concerned on the basis of the experience of the group
members and the results that have been presented in the literature since 1985. Hopefully,
the recommendations that can be found in the present report serve to improve the diagnostic
process in patients who are suspected of suffering from CSE, contribute to better counselling
of these patients, increase the between-country comparability of epidemiological and clinical
data, and finally, by raising awareness about them, contribute to combating the adverse
health effects of occupational exposure to solvents. The present report of the Consensus
group consists of two parts: an update to the scientific knowledge regarding the neuropsychological effects in CSE patients that was published between 1985 and 2012 as well as
recommendations regarding an appropriate method of conducting neuropsychological assessments in individual patients in whom CSE is suspected that were reached by the consensus of a group of experts.
It can be concluded from the scientific literature that has been published between 1985 and
March 2012 that the most common neuropsychological impairments in CSE patients fall
within the domains of attention, memory, and fine motor performance. Within the domains of
attention and motor function performance, the most common impairments are impairments
of information processing speed and motor speed. The influence that CSE has on memory
processes mainly appears to involve immediate recall, and it generally concerns verbal, visual and visuospatial material. When applying the results of the literature review to the development of neuropsychological assessment methods, it is important to remember that all of
these studies compared CSE patients with healthy controls or normative data from a general
population. Differentiating between patients and healthy controls or the general population is
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much simpler than identifying CSE patients among a group of individuals with similar symptoms, exposure histories and other aetiologies that affect cognition.
The second part of our report, which is concerned with clinical recommendations for the neuropsychological assessment of individuals in whom CSE is suspected, includes recommendations regarding the cognitive domains as the most important consideration for the neuropsychological diagnostic process of CSE, an appropriate means of evaluating the neuropsychological impairments in CSE patients, methods for assessing and evaluating symptoms of
CSE, differential diagnostic considerations, the reliability and validity of neuropsychological
test results, and retesting patients with inconclusive results. To the best of our ability, all of
the recommendations of the Consensus group have been made on the basis of scientific
evidence. When either no evidence or contrasting evidence was available, the recommendations were made on the basis of the expert opinions of the experienced neuropsychologists
in this field.
Some limitations of the consensus-based approach to making recommendations must be
noted. First, every division of the neuropsychological domains is somewhat arbitrary, which
also applies to the domain subdivision that is presented in this document. The neuropsychological domains in this document are suggested for communication purposes only and have
not been made with the goal of establishing a strict framework for CSE diagnosis. Instead,
the proposed classification serves to guide the neuropsychologists who assess patients in
whom CSE is suspected in the selection of appropriate tests of cognitive functioning. If the
consensus-based domain subdivision that is presented in the current report is used, cognitive functions that are important in CSE are likely to be addressed. During the consensus
meetings, it was rather difficult to find a commonly accepted domain subdivision. The reason
for this might be because the majority of neuropsychological tests can be used to evaluate
more than one cognitive function. For example, many different cognitive processes are involved in an individual’s ability to perform well on a test of word fluency, such as semantic
memory, executive functioning, verbal abilities and information processing speed. Therefore,
neuropsychological assessment is not limited to counting test results that are below the 5th
or 16th percentile but involves developing a clear understanding of the way in which a patient comes to the final result and describing which of the possible affected neuropsychological processes cause the patient’s particular impairments. Second, recommendations that are
more specific than the ones that are presented in this consensus report would be desirable.
Such recommendations could, for example, include recommendations regarding the choice
of specific tests and symptom questionnaires; however, in view of limited data and diverse
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local situations, these types of recommendations were not considered feasible at the present
time. This situation is a regrettable one; more specific recommendations (e.g., recommendations regarding a specific core test battery) would be helpful for the installation of new diagnostic centres in the near future and for making informed choices when collecting normative
data. Third, the amount of experience with the cognitive severity rating system that is proposed herein is still limited (see Verberk et al. 2012) for the results of the severity rating system on a large group of patients in whom CSE was suspected). The Consensus group considers a severity rating to be a valuable tool in the process of evaluating the neuropsychological examination. However, when first applying this tool, we recommend that diagnostic
teams compare the severity ratings of individual patients to their 'traditional' classification
results. The following labels might be useful in summarising the total impairment scores:
‘mild’, ‘moderate’, or ‘severe’ impairment. No evidence-based cut-off criteria are available,
but such criteria would be beneficial in making more explicit assignments of these labels.
The Consensus group highlights the importance of the availability feasible normative data
that have been collected from a non-selective sample of the population that represents a
variety of ages, genders, and education levels in each country in which the tests are applied;
if these types of data are unavailable, the collection of it is of the utmost importance.
The present report may be considered as an effort to move forward from the conclusions
and recommendations that were set forth in the proceedings from the WHO (1985) and Raleigh workshops (Baker et al., 1986) insofar as the neuropsychological evaluation of CSE is
concerned. In reality, there are no fundamental changes to the diagnostic procedures that
have been proposed in our consensus report or to those that have been used in previous
documents. However, the neuropsychological assessment procedure has been refined and
is, in contrast to the 1985 reports, more evidence-based. At present, a CSE diagnosis is only
considered in cases of what would otherwise be considered WHO type II or Raleigh type 2B
stage CSE. Furthermore, we have proposed some major changes to their criteria that make
the present neuropsychological guidelines more applicable to clinical practice. First, the estimation of the severity of the (type of) cognitive impairment was not clearly specified in either the WHO or the Raleigh criteria. The Raleigh criteria did not define cognitive impairment
scores at all, and the WHO criteria suggested that either two tests scores that are one
standard deviation (sd) below the mean of a reference population or one test score that is
worse than below 1.5 sd below the mean of a reference population in conjunction with one
test score that is lower than below 0.1 sd of the mean of a reference population should be
used as diagnostic criteria for CSE. Apart from the fact that these test results do not actually
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reflect impairment (impairment is considered to be a score that is at least 2 sd worse than
the mean score of a reference population), it is not clear on which neuropsychological tests
or in which neuropsychological domains these scores should be observed. The consensus
group suggests and provides a method for determining the severity of the cognitive impairment for each test variable and each cognitive domain as well as an overall cognitive impairment score. Second, in the proceedings from the Raleigh workshop, it was suggested
that poor test results should not be considered to result from poor cooperation or low motivation on the part of the patient and the WHO document suggested that formal procedures
should be used to measure these possible reasons for poor test outcomes. The consensus
group elaborates on this point and recommends specific test procedures for measuring suboptimal performance. Finally, neither the WHO report nor the Raleigh report explicitly mentions a time frame for diagnosing CSE. Differential diagnostic considerations, especially the
presence of treatable diseases, are of central importance in the diagnostic process of CSE.
Thus, unlike in the 1980s, making a definitive diagnosis of CSE is often postponed and is not
confirmed until the conclusion of a one- to two-year follow-up period. We hope that present
consensus-based neuropsychological guidelines will demonstrate their value in clinical practice.
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Box 1. Fictive neuropsychological case description of a CSE patient
A 53 year old spray painter is referred to the neuropsychologist in a specialized diagnostic centre to evaluate whether the cognitive findings fit within the profile of CSE.
His education consisted of elementary school and high school for lower occupational education. There were no problems in his school career (no dyslexia or other learning / social problems).
Aged 18 he served in the army. From age 20 to 24 he had several jobs in construction and
industry, without relevant exposure to organic solvents. From age 25 he was employed in an
car body repair shop as a spray painter. Mostly small repair, 8-10 cars daily, in a spray painting
booth, but at least once a week he sprayed a truck or bus, that did not fit into the booth. During
the spraying operation he used personal respiratory protection, but not during the paint mixing
or cleaning of the spray painting gun with thinner. Mostly mixtures of aromatic and aliphatic
hydrocarbons were used, 5-10 litre per worker per day. The first 10 years he generally worked
10-20 hours longer than the usual 40 hours working week. The last ten years of employment
better personal protection, ventilation and less volatile solvents were used. From time to time
he had felt “high” during cleaning or spraying trucks. On weekday evenings he had more and
more difficulties with functioning because of fatigue. He felt much better after a few exposure
free days of the weekends and holidays. The exposure indices calculated by the specialist in
occupational medicine and a occupational hygienist were considered suffiecient for CSE: duration of solvent exposure in years was 28, and the cumulative exposure index was 10,5 OEL
years (Keski Säntti et al., 2010).
His alcohol consumption was moderate (an average of 4 glasses of beer per week) and he
used to smoke a pack of cigarettes in every two days. At the age of 45 he stopped smoking
and at age 50 he stopped drinking alcohol. Besides acetaminophen for his headache he did
not use other medication.
In the anamnesis of the neuropsychologist he tells spontaneously that the symptoms became
obvious to him around five years ago. He noticed that he had become forgetful; he couldn’t
remember the colour codes of the paint anymore, had to write down his to do list for his work
day and began to forget appointments with friends and could not count the score of the darts
anymore when playing with friends. When leaving the house, he had to check whether the
doors were locked and at work he double checked most of his routines. His wife noticed that
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he had become more easily irritable. His mood changed from optimistic and cheerful to depressed. After work he felt exhausted and could not do anything but eat and lay on the couch.
He had lost interest in his hobbies and began to withdraw from social contacts because it was
too much input for him. He suffered from continuous mild headaches and had developed alcohol intolerance.
The neuropsychologists’ impression from the interview was that it was a logical, coherent anamnesis in which the patient had some problems in remembering dates and points in time.
Language comprehension and expression were normal, although there was a slight monotony
in the prosodic features of speech. The patient showed intact symptom awareness.
The elaboration of the anamnesis by the neuropsychologist indicated increased forgetting, difficulties in learning new material (contents of manuals, computer use, electronic appliances)
and a low tolerance for distractions (e.g. not able to have a TV or radio playing while concentrating on a certain task), and difficulties in complex planning (renovation, building etc).
The neuropsychologist observed during test performance that the patient showed a moderate
overall slowness, which was most prominent in memory recall tasks, especially delayed recall.
There were pronounced signs of distractibility during test instructions. There were mild fluctuations of attention and he showed slowness and inflexibility in problem solving. The patient
showed intact awareness of his level of performance. He had a coherent responsive style with
no abnormal intra-individual variability or abnormal latencies in responding.
Symptom validity tests were not indicative of sub-optimal performance. The cognitive impairment estimation derived from the neuropsychological test assessment is listed in Box 2.
Screening for psychopathology with a semi-structured interview that assesses DSM-IV criteria,
resulted in symptoms of depressed mood that did not meet criteria for Major Depression or
Dysthymia. The checking behaviour could be explained by the cognitive symptoms and did not
meet criteria for Obsessive Compulsive Disorder There were no signs of sleeping disorders
such as sleep apnoea or narcolepsy.
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Box 2. Derivation of the cognitive impairment score based on test results of the CSE patient from box 1.
Test results as percentile value,

Domains and aspects

Rating

impairment points in brackets
Test-1

10% (0.5), test-2

Test-4

7% (0.5)

test-5

4% (1), test-3 2% (1)
13% (0.5)

Processing speed

0.83

Complex attention

0.50

Attention

0.67

Test-6

10% (0.5), test-7

4% (1)

Immediate recall

0.75

Test-8

11% (0.5), test-9

55% (0)

Delayed recall

0.25

56% (0)

Recognition

0

Memory & learning

0.33

Test-10

Test-12
Test-14

30% (0),

2% (1),

test-11

test-13

11% (0.5)

Motor speed

0.75

30% (0.), test-15

14% (0.5)

Dexterity

0.25

Motor performance

0.5

Test-16

74% (0),

test-17

64% (0)

Verbal

0.0

Test-18

23% (0),

test-19

61% (0)

Non-verbal

0.0

Concept f. & reasoning

0.0

Construction

0.25

Test-20

57% (0),

test-21

13% (0.5)

Average of Concept formation & reasoning and Construction: (0+0+0.25)/3= 0.08
Total impairment score: (0.67+0.33+0.5+0.08)/4 = 0.40
Conclusion: cognitive impairment

126

Box 3. Qualitative aspects of neuropsychological test performance often seen in CSE cases
Domain and aspects

Cognitive functions

Level of impairment

Qualitative aspects

Mental tracking

Usually mild to moderate

Slowed reaction times, SD

Speed of reading

May be severe

larger than expected

Attention
Processing speed

Speed of naming

Occasional lapses of attention

Encoding
Decision speed
Vigilance
Complex attention

Divided attention

Moderate to severe

Slow performance

Selective attention

Errors reflection incapability to

Go, no-go paradigm

perform on speed demands

Memory & learning
Immediate recall

Short term memory

Moderate to severe

Working memory

Slow performance, erroneous
order of numbers recalled.
Notable distractibility.

New learning

Mild to moderate

Word list learning
Stories,

family

Poor initial learning, flat learning rate, rehearsal improves

pictures,

performance.

series of geometrical figures

Slow and ineffective memory
retrieval.
Seldom

perseveration

and

confabulation
Delayed recall

Recall after some time per-

Mild to moderate

Slow and ineffective memory

forming other tasks:

retrieval.

Word lists, stories, series of

Advantage of cued retrieval

geometrical figures
Recognition

Recognition

of

earlier

Intact

learned material

Information

that

has

been

stored into memory is recognized easily

Motor performance
Motor speed

Reaction time

Mild to moderate

Perceptual processing speed
Dexterity

Manual dexterity

Mild to moderate

Verbal reasoning

Intact to mild

Concept formation & reasoning
Verbal

Non-verbal

Mild word finding difficulties,

comprehension

no aphasia

fluency / semantic memory

Diminished

acquired knowledge

(because of speed demands)

Visuospatial

Intact to mild

Visual reasoning

word

fluency

Visuoperception intact.
Reasoning corresponds with
intelligence level

Construction

visuoconstruction

mild

Slowed, but otherwise rather
intact performance in construction abilities, difficulties in
changing ideas
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Abstract
Exposure to different toxic substances can have acute and chronic neurological and neuropsychiatric health effects on humans. Patients often report impaired concentration and
memory, irritability, fatigue, instability of affect and difficulties in impulse control. The diagnostic process for neurotoxic diseases is complex and relies heavily on the exclusion of differential diagnosis and substantiating the cognitive complaints by neuropsychological assessment. Diagnostic evaluations have the purpose to help the patient by finding an explanation for the symptoms to guide treatment strategy or prevent further deterioration. But
what if the diagnostic process in itself leads to problems that can be quite persistent and
difficult to manage? The iatrogenic, or sick-making, side effects of the diagnostic process are
the main focus of this case study.
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Introduction
Many workers are occupationally exposed to neurotoxic substances such as organic solvents, heavy metals or pesticides. Work related exposure to neurotoxic substances can have
acute and chronic neurological and neuropsychiatric health effects on humans. Acute neurotoxic symptoms are for example nausea, headache, tiredness, light-headedness, feelings of
drunkenness, concentration difficulties, euphoria, irritability, and slowed reflexes (Mergler,
2011), whereas chronic neurotoxic symptoms may consist of cognitive problems (especially
in concentration and memory), irritability, fatigue, instability of affect, difficulties in impulse
control, and parkinsonism (Elbaz et al., 2009; van Hout et al., 2006; Ross et al., 2013,
Spurgeon, 2001, White and Proctor, 1997). Symptoms may vary with different neurochemical properties of the exposure and the duration and dose of the exposure. The classification
made by the WHO (WHO, 1985) provides a framework for the neurotoxic effects of organic
solvents, but might also be useful for diagnosing encephalopathies due to other neurotoxic
substances.
Diagnosis of toxic encephalopathy is often complicated. Ideally, the diagnostic process has
the purpose to help patients. If there are any problems caused by toxic hazards, patients
should be advised regarding to safer work environment. However, the diagnostic process in
itself may lead to problems that can be quite persistent and difficult to manage. We pose that
the diagnostic process may have iatrogenic, or sick-making, side-effects, and will present a
case history to illustrate this.
Although we present a patient with alleged chronic solvent-induced encephalopathy (CSE),
our description of side-effects of the diagnostic process might apply to neurotoxic syndromes
in general.

Martin’s Case
Martin is a 50-year-old male worker. His medical history is normal. His level of education is
lower occupational, no learning or developmental problems are reported. Before 2002 he has
had several jobs, without neurotoxic exposure. He was unemployed several times for periods
of one month through a year. Since 2002 until his sick leave in 2007, he worked in a distribution centre of chemical products. He had to fill containers with chemical waste products, and
to clean machines. He was daily exposed to hazardous materials and solvents, such as acetonitril, benzene, acetone, toluene, xylene, and formaldehyde. According to Martin, safety
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regulations were often violated, and there were three incidents with peak exposure with acute
complaints of headache, sickness and vomiting while mixing solvents. One incident was
traumatic: he got solvents in his eyes, and suffered from transitory cornea damage.
In 2007 he presents to his GP with chronic headache, fatigue, and memory and concentration
problems. He is edgy, down and feels apathetic. His complaints started after the first incident,
and are progressive, even though he is on sick leave after another incident. Martin is worried
sick about the safety of his work environment. He is referred to a neurologist in a nearby general hospital.

Diagnosing CSE
Over the years, several consensus based diagnostic criteria for CSE have been proposed
(WHO, 1985; Baker and Seppäläinen, 1986; European Commission, 2009; Van Valen et al.,
2012,). In these consensus documents, the core steps of the diagnostic process are specified: First, there have to be relevant symptoms. Second, the exposure to neurotoxic substances should be verified and should be sufficiently high to cause neurotoxic effects. Third,
a clear temporal relationship between the onset of symptoms and exposure should be established, and fourth, other medical and psychological causes for the symptoms of the patient
should be ruled out.
While these criteria seem straightforward, this case presentation illustrates that clinical practice is often complicated.
The diagnostic process usually starts with identifying relevant symptoms. However, the
symptoms associated with chronic exposure are nonspecific, and overlap to a considerable
degree with for now medically unexplained and controversial syndromes such as fibromyalgia, chronic fatigue syndrome, whiplash injury complaints, and with mental health problems
such as depression, burnout and posttraumatic stress disorder (van Hout et al., 2003b).
Most patients describe fatigue, dizziness, headaches, concentration difficulties and memory
problems. These symptoms have a high prevalence in primary care, and it is difficult to figure out their etiology.
For the second step, life time exposure to neurotoxic substances should be assessed. This
assessment can be very difficult, especially in retrospect (Burstyn and Kromhout 2002;
Tielemans et al., 1999). Assessment heavily relies on self-report, and often, adequate data
of biological workplace monitoring are lacking.
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The reliance on self-report might also imply difficulties for the third step, assessing the temporal relation between exposure and symptoms, although a patients’ medical history in combination with the occupational history might provide important information.
Fourth, other relevant diagnoses have to be excluded. This requires elaborate clinical assessment to exclude for example neurodegenerative disorders (e.g., Alzheimer’s disease
and Parkinson’s disease), neurovascular disorders, sleep disorders, neoplasms (e.g., brain
tumors and paraneoplastic symptoms), metabolic causes (e.g., avitaminosis, thyroid disorders), traumatic brain disorders, psychiatric disorders (major depression, chronic pain) or
developmental disorders (ADD/ADHD, dyslexia, (nonverbal) learning disorders, and autistic
spectrum disorders), but also neurotoxic effects due to alcohol and drug intoxication should
be accounted for (European commission, 2009; Furu et al., 2012; Kaukiainen et. al., 2009;
Keski-Säntti et al., 2010; Kim and Kim, 2012; van Valen et al., 2012; Visser et al., 2011).
Regarding follow-up, most patient based studies are in agreement about chronic solventinduced encephalopathy being a non-progressive disease in which no severe deterioration
of functioning occurs after diagnosis (Van Valen et al., 2009). However, epidemiological
studies show that exposure to several specific neurotoxic agents, such as manganese
(Racette, 2013; Goldman et al., 2012), pesticides (Pezzoli and Cereda, 2013), and trichloroethylene (Lock et al., 2013) has been associated with a higher probability of development of
progressive neurodegenerative diseases, especially Parkinson’s disease. In that way worsening of neuropsychological results over time may be consistent with exposure related disease.

Medical history Martin
Although he is concerned about the occupational hazards, Martin is referred to a neurologist
in a nearby general hospital. Neurological assessment and routine lab are normal. On neuropsychological assessment he performs very slow on tests of information processing speed, and
extremely poor on memory tests. There are, however, inconsistent results on tests and also
between test performance and his presentation in the diagnostic interview. Moreover, he performs below advised cut-off values on symptom validity testing. The neuropsychologist concludes that neuropsychological testing is invalidated by “malingering” and that complaints
are probably “functional”, without a hypothesis regarding etiology. He advises psychological
treatment and retesting after one year. He does not discuss his conclusions with Martin and
his wife.
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A year later, Martin presents for retesting and is seen by another neuropsychologist. In the
interview, his speech is blurred, slow, and he seems to have word finding problems. His clinical presentation is far worse than a year before. On assessment he has worse test results on all
cognitive domains, compared to a year earlier. The neuropsychologist considers dementia.
Symptom validity tests are not included in the test battery, and aggravation of cognitive
symptoms is not considered as a hypothesis. Martin is then, nearly two years after first
presentation, referred to a specialized Alzheimer Clinic. Medical screening, behavioral observation, routine blood lab, magnetic resonance scans, and lumbar puncture to analyze cerebrospinal fluid, are all normal. For the third time he is subjected to neuropsychological assessment. On this investigation, too, he performs incredibly poor on the tests, including symptom
validity tests.
In the final consultation by the Alzheimer Clinic, hypotheses regarding the psychological
etiology of complaints are discussed with Martin and his wife: Possibly there is aggravation
of cognitive symptoms, due to the traumatic impact of the incidents. He is reassured by his
neurologist that dementia is improbable, and that his problems might be relieved by cognitive
behavior therapy. In fact, he is not relieved at all. In the next year he is repeatedly referred for
psychological treatment, cognitive rehabilitation, medication, and neurofeedback, all without
success. He feels increasingly misunderstood by his GP and his medical specialists and becomes more and more convinced that his complaints are caused by the solvent exposure.
Three years after his first presentation he is referred to our specialized center for diagnosing
occupational diseases. He has by then contacted an attorney of his union to support him in
litigation procedures.

Can neuropsychological test scores be trusted?
Neuropsychological assessment is the keystone in objectifying complaints associated with
neurotoxic exposure. However, interpreting test results can be difficult. Besides the more
methodological and psychometrical issues such as the availability of valid normative data,
the complicated estimation of premorbid cognitive functioning (Duff, 2010, Lezak et al.,
2012), and the common variability of intra-individual test scores (Binder et al., 2009), it has
to be kept in mind that neuropsychological tests do not directly measure brain functions, but
assess behavior. Although it seems obvious, the clinical neuropsychologist has be aware
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that test performance can be invalidated by various behavioral factors, such as sleepiness,
fear of failure, test strategy, the presence of affective disorders, pain, somatization disorders,
and motivational problems.
Patients with suspected toxic encephalopathy due to occupational exposure are often involved in litigation or financial compensation procedures, and therefore have an external
motivation to perform not to the best of their abilities. That involvement in compensation procedures might impair mental and physical symptoms, is a much debated issue. “If you have
to prove you are ill, you can’t get well”, Nortin Hadler states in his popular scientific book
“stabbed in the back”, on complex regional back pain (2009). “Being challenged naturally
causes anyone to focus on his or her symptoms, to recall the waxing more than the waning
of symptoms, to be less inventive in circumventing activities that might aggravate them…”. In
a recent meta-analysis of studies in subjects involved in compensation processes after traffic
accidents, occupational accidents or medical errors, Elbers et al. conclude that being involved in a compensation process slightly impairs mental health. Victims involved in compensation procedures had already more mental health complaints at baseline compared to victims not involved in compensation; and mental health between baseline and post measurement increased less in the compensation group. The authors suggested that victims in compensation could perpetuate or exacerbate their symptoms because of financial incentive
(secondary gain), but also might be stressed by the compensation process itself (secondary
victimisation). The latter is caused by the numerous assessments and thus repeated confrontation with the traumatic history, delayed funds and financial risks, and the often adversarial relationship between client and the insurance agency (Elbers et al., 2013 ).
So, patients involved in compensation procedures may exert insufficient effort aggravating or
malingering symptoms. In DSM-IV, malingering is defined as the intentional production of
false or grossly exaggerated physical or psychological symptoms, motivated by external incentives (DSM-IV-TR, APA 2000) and Slick and colleagues provided criteria to assess malingering (Slick et al. 1999). Intentional faking or exaggerating, however, is only one part of
the problem: there are also many patients that perform to not the best of their ability in a
more unintentional manner, such as patients with a factitious disorder, somatization disorder
or conversion.
In neuropsychological assessment, specific test methods are developed to detect insufficient
effort, the so-called symptom validity tests (SVT’s). Recently, Larrabee (2012) suggested
using the term performance validity tests (PVT’s) as a more accurate term. These tests appear difficult memory tests, but are in fact easy to accomplish even for patients with moder-
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ately severe brain damage. Only in patients with severe brain damage PVT’s cannot be
used. Most PVT’s consist of forced-choice recognition memory tests. A performance significantly below chance level indicates that the patient is intentionally exaggerating or faking his
disabilities. However, only a small proportion of patients perform below chance levels. Based
on validation studies with instructed malingerers and clinical groups, less stringent cut-off
scores have been established below which a subject’s performance is considered to be
suboptimal. In clinical evaluations it is suggested to use multiple PVT’s, to reduce false positive rate (Larrabee, 2012). In a Dutch study on N=184 patients evaluated for CSE 19-45% of
patients were exerting suboptimal performance, depending on the test method used (van
Hout et al., 2003 a). In a later study (van Hout et al., 2006), these figures were 19-56%, respectively. In a retrospective review of 128 cases with toxic exposure and financial incentive, Greve concluded the prevalence of suboptimal performance was 30 to more than 45%
(Greve, 2006). It needs to be stressed, that poor performance on PVT’s does not necessarily
mean that no neuropathology exists. Besides, insufficient effort can be present not only in
debated neurological syndromes, but also in unambiguous neurological disorders such as
traumatic brain injury and CVA. In these unambiguous disorders the patient may also not be
motivated to make the best of it. Whatever the reason for insufficient effort, it undermines the
ability to accurately interpret the results of neuropsychological tests and thus can invalidate
the diagnostic process.
Although it is acknowledged that suboptimal performance on neuropsychological testing is
not necessarily due to intentional malingering, and does not rule out neurologic pathology, it
still has a negative connotation, for patients as well as doctors. If clinical test results are invalid due to suboptimal performance, patients often feel accused of simulating, and it takes a
lot of clinical fine-tuning to discuss these results with the patient without damaging patient
confidence (see for example Carone et al., 2010).

Why do patients not pass performance validity tests?
Being confronted in daily clinical practice with so many patients that do not pass PVT’s in a
neuropsychological evaluation, we became intrigued by the question why patients would not
be able to perform to the best of their ability. A small subgroup of these patients meets the
Slick criteria (Slick et al., 1999) and could be diagnosed as malingerers. But that leaves a
large group of patients that do not meet the criteria for malingering and appear to be unintentionally performing below their expected ability. In the literature we have found several hy-
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potheses about the possible underlying mechanisms of unconscious insufficient effort in patients who have been occupationally exposed to neurotoxic substances.
The diagnostic process of a neurotoxic disease often causes distress for the patient. Patients may feel anxious about the outcome of the diagnostic evaluation or may worry about
the consequences of the possible disease with respect to their health, work, financial situation or social functioning. The diagnostic evaluation in itself may trigger a process in patients
called ‘diagnosis threat’ in which the anxiety for a cognitive disorder causes poorer results on
tests of attention, memory and speed of information processing (Suhr and Gunstad, 2002
and 2005). Other effects of anxiety on cognition are decreases in performance on working
memory and attention, more specific the executive components of attention: inhibition and
shifting (Eysenk et al., 2007). Peak exposure to a neurotoxic substance can be experienced
as a traumatic event and may cause symptoms of post-traumatic stress disorder (PTSD).
PTSD is associated with decreases in declarative memory function (Samuelson 2010) concentration or sustained attention (Nijdam et al., 2013) and executive functioning (Polak et al.,
2012). Buodo et al. (2011) studied a group of 38 subjects who experienced a work-related
accident. Nearly 40% experienced moderate to severe PTSD symptoms, and PTSD symptom severity was negatively associated cognitive performance. In summary, there are many
ways in which anxiety may influence the cognitive performance of patients with suspected
neurotoxic disease. However, the influence of anxiety on cognitive functioning is rather mild
and severe cognitive impairment is not expected in patients who experience anxiety. Furthermore, most PVTs are quite robust: anxiety levels do not negatively affect performance
on PVTs (Ashendorf, 2004, Larrabee, 2012). In conclusion, although anxiety can negatively
affect cognitive functioning, it cannot explain scores below cut-off on PVTs.
Recently, Merkelbach and Merten (2012) have suggested that Festinger’s classical theory of
cognitive dissonance (Festinger and Carlsmith, 1959) might explain why patients can get
trapped in a vicious circle of suboptimal performance: “Cognitive dissonance occurs when
two or more beliefs, cognitions or behaviors of a person are not in concordance. People
strive for consistency and the usual way to resolve the dissonance is to change your ideas or
cognitions.” For example in the fable of Aisopos the fox could not reach the grapes he wanted dearly. Afterwards he believes that he didn’t want them anyway because they would have
been bitter. Merkelbach and Merten (2012) state that in case of malingering, the initially fabricated symptoms become internalized, which results in that the patient experiences the
symptoms as real: “Whenever beliefs (e.g. I’m an honest person; I’m a healthy person) that
people hold are challenged by their actions (e.g. intentionally misreporting symptoms) a con-
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flict laden state occurs. Typically people will attempt to resolve this state by changing their
beliefs and this may amount for self-deception (I really suffer from symptom X). Otherdeception may turn to self-deception, particularly when incentives are relatively modest.”
Merkelbach and Merten (2012), suggest that malingering is not an absolute phenomenon,
but there might be a continuum ranging from medically unexplained symptoms (high selfdeception) to intentional malingering (high other-deception).

Diagnostic evaluation Solvent Team
Martin presents himself as a quiet, reserved person. He takes a long pause after each question
of the clinician, and often turns his head to his wife. Several times he cannot find the right
words and she often answers for him. They both feel abandoned by their doctors, and are convinced that exposure to solvents is the cause of symptoms, which started after the first incident. When the results of previous testing are discussed, especially the aggravation hypothesis, the patient gets very irritated and explains that he really was doing the best he could. On
this moment he verbalizes surprisingly accurately and at normal speed. He says he feels accused of simulation and explains that the poor scores reflect his daily functioning. Martin has
an inactive lifestyle. His family life is totally scheduled around his complaints. He is still on
sick leave; examination for a disability pension is pending.
Martin’s wife has made a document with an extensive description of all his problems. She has
compared his complaints with several other syndromes, and is convinced that exposure to
solvents is the only possible explanation.
The history of lifetime neurotoxic exposure was meticulously assessed by the occupational
neurotoxicologist of the solvent team. According to Martin, the work was under time pressure, and safety regulations were often violated. However, except for the accidents, lifetime
exposure to neurotoxic agents was assessed as relatively low. It was acknowledged that the
accidents could have been extremely stressful to the patient.
Based on the analysis of all medical reports, we expected that the risk of symptom aggravation
was high. This was discussed beforehand with the patient, and his wife. We explained the
importance of valid results for diagnosis. We discussed the possibility that this investigation,
too, would not result in a clear-cut diagnosis, and urged Martin and his wife to consider the
behavioral consequences, rather than the etiology, of his symptoms.
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After this a (final) neuropsychological assessment was performed. Martin scored low, in fact
below chance level, on several symptom validity tests. Overall, performance was extremely
slow and characterized by poor results on memory tests, especially on recognition tests. On
other tests, more implicitly relying on working memory but not presented as memory tests,
scores were normal. There were no problems on visuospatial and language tests. Unfortunately, the test results once again were invalid.
On the final interview these findings were discussed with Martin. Based on lifetime exposure
assessment, chronic solvent- induced encephalopathy was improbable. We tried to discuss the
possible impact of posttraumatic stress and worries about hazardous work circumstances on
cognitive functioning, but it was too late. Martin was very disappointed and angry. He left
the room, saying that he had to look for another doctor, who would take his situation more
seriously.

Discussion: what went wrong?
First, from the initial investigation, the worries of Martin were not addressed by his doctor.
While it would seem obvious that careful listening to the patient’s history is essential for diagnosis, this was not the case. Every professional looked from his own perspective and did
not seem to listen to Martin’s concerns. The first neuropsychologist concluded that neuropsychological assessment was invalidated by insufficient effort, and that complaints were
“functional”, without discussing these findings adequately with the patient. The second neuropsychologist concluded there might be a dementia, and referred for further diagnosis.
Functional complaints and even a dementia were considered as an option. Martin was “reassured” with not having dementia, but these concerns had never been his own.
In fact, Martin was worried about workplace hazards, especially about the accidents with
peak exposure. But a careful exposure assessment was made only years later, after referral
to the solvent team. During the years of finding a diagnosis to match his symptoms, Martin
appraised all of his bodily sensations and cognitive complaints as resulting from of the exposure to neurotoxic substances. Feeling misunderstood and not taken seriously led Martin to
prove and show off his symptoms repeatedly for every diagnostic evaluation. Subsequently,
his belief that his symptoms could be attributed to the neurotoxic exposure was gradually
reinforced. Each encounter with a (misunderstanding) health care professional contributed to
the growing belief of having a toxic encephalopathy. After the final diagnostic evaluation of
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the solvent team, he could not be reassured anymore on the relatively mild nature of his exposure to neurotoxic substances. The exposure assessment was so to say: too little too late.
Thus, second, with a timely and adequate (be it retrospective) investigation of accidental and
lifetime exposure and description of the health hazards of acute and chronic exposure, Martin could have possibly been reassured beforehand regarding the long-lasting health-effects
of exposure, thereby saving him from expensive and energy-consuming assessments.
Third, in the diagnostic assessments, differential diagnosis was not made explicit, let alone
discussed with the patient, except for the investigation of the Alzheimer Clinic. The constantly changing, not discussed, hypotheses about the underlying etiology of Martins complaints
left Martin and his wife more and more confused and insecure about his health condition.
Only in the third investigation the possibility of psychological (psychotraumatic) effects of
accidental exposure were discussed with the patient. However, in that phase, he was too
disappointed in his doctors, and an open discussion on the possible relation between psychotrauma and cognition was not possible anymore.
Finally, problems might have been avoided, had the issue of performance invalidity been
openly discussed with the patient. In the first assessment, the conclusion was “malingering”,
THUS functional complaints. However, a careful functional analysis of complaints was lacking. The patient felt accused of intentional faking and the patient doctor rapport was severely
damaged. Each assessment confirmed the patient in his inadequate cognition regarding his
symptoms: “if the doctor can’t find a medical explanation for my symptoms, I have to ask for
another medical investigation.” The only answer from his doctors, including ourselves, was
to offer another assessment. The paradox was that each investigation, instead of being reassuring, was in fact alarming the patient.

Conclusion / Lessons learned
The problem of performance invalidity is common in clinical neurotoxicology. In clinical practice it is difficult for patients as well as doctors to discuss suboptimal performance, for it has
a negative connotation, being associated with intentional malingering. The usual reflex of the
patient is to ask for repeated testing. The usual reflex of the doctor is to offer it. In this paper
we have tried to argue why this process of repeated assessment can have iatrogenic effects. The time and effort patients invest in convincing their doctors of the authenticity of their
symptoms, might further stimulate them in their inadequate beliefs and create a vicious circle
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of aggravation (Merkelbach and Merten, 2012). Repeated assessment might support the
belief of the patient in a medical / neurological etiology.
We argue that an open discussion with the patient of medical, psychological, and social factors that may influence symptoms is of paramount importance from the first interview. We
have to start with patient worries, thereby building patient-doctor rapport. Obviously, validating patient suffering is not to be confounded with adapting to the patients’ demands.
A framework for step-wise providing feedback regarding performance validity is described by
Carone et al.(2010). Providing feedback is essential for cognitive reframing and encouraging
the patient to consider treatment regarding the non-neurological factors influencing behavior.
Stressing the objectivity of findings is important and can help to avoid the negative connotation of performance invalidity. In discussing the therapeutic possibilities it could be helpful to
disengage the patients’ attention from the focus of finding a medical diagnosis and at the
same time engage the attention of the patient to the consequences of his condition (Stone et
al. 2005).
As illustrated by the case report, it is very important to check for suboptimal performance on
neuropsychological evaluations for toxic encephalopathies, by incorporating PVTs in the
evaluation. We would advise that PVT are become also standard not only in individual diagnostic evaluations, but also in (clinical) studies. Performance invalidity of subjects might invalidate clinical research regarding the health effects of exposure (Larrabee, 2012). In clinical studies we would advise that the group with low performance validity should be excluded
from the analysis, for it can have a large effect on the outcome (Larrabee, 2012).
Last but not least, when workers are worried about workplace hazards such as exposure to
neurotoxic substances, the worries should be taken seriously by timely and adequate exposure assessment followed by objective education about the possible health effects of the
exposure. The risk of ignoring workers’ worries is illustrated in this case report: a diagnostic
evaluation changes from relatively neutral clinical reasoning for possible diagnoses to a
quest of the patient to have his complaints recognized as an occupational disease.
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Abstract
Background: Worldwide millions of workers are exposed to organic solvents. Long term exposure leads in some workers to the development of Chronic Solvent induced Encephalopathy (CSE). The first reports about CSE came from the European Nordic countries in the
1970’s. In spite of decades of experience with this disease, little is known about the course
and prognostic factors of CSE.
Objective: To provide an overview of the evidence about the course and prognostic factors
of CSE.
Methods: A systematic review was conducted. Databases PubMed, PsychINFO (1970-2008)
and EMBASE (1980-2008) were searched with the search strategy: solvent AND follow up
AND (encephalopathy OR chronic intoxication). Inclusion criteria were: written in English,
study population of CSE patients, follow-up time of at least one year. Included articles were
assessed on methodological quality.
Results: Sixty unique articles were retrieved of which sixteen met the inclusion criteria. Data
extraction provided information about domains of neurology, neuropsychology, physical and
mental health perceptions, and social consequences. In a number of studies no significant
changes, and in other studies improvement of functioning could be measured. Prognostic
factors resulting from included studies were summarized for each domain indicating a potential positive influence of younger age and lower exposure variables.
Discussion: Due to the large heterogeneity of methodology no levels of evidence could be
obtained. This review shows that there is a need for future research that addresses a variety
of domains of functioning, hopefully resulting in an overall prognostic model for CSE.
Conclusion: Studies in this review are in agreement about CSE being a non-progressive
diasease in which ne severe deterioration of funcyioning occurs after diagnosis. In a number
of studies no significant changes, and in other studies improvement of functioning could be
measured. Presumably cessation od exopsose might be one of the causal factors for the
non-progressive character of the disease as has been found. Future studies need to clarify
the role of various prognostic factors on the course od CSE.
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Introduction
Worldwide millions of people are occupationally exposed to organic solvents. These are
people working for example as spray painter, printer, industrial cleaner, paint or glue manufacturer. After inhalational or dermal uptake the group of organic solvents is capable of affecting neuronal structures in the brain due to their lipophilic and hydrophilic properties; Organic solvents can be absorbed by fatty tissue and in cell membranes. The resulting neurotoxic effects may be experienced as nausea, dizziness, headache, and problems in concentration. When workers are exposed to solvents during many years, some workers develop a
syndrome, characterized by complaints that remain chronic (White and Proctor, 1997). Various denominations exist for this syndrome that we refer to as Chronic solvent induced encephalopathy (CSE), for example: ‘occupational solvent encephalopathy’, ‘solvent intoxication’, ‘toxic solvent syndrome’, ‘painters disease’, ‘psycho-organic syndrome’, and ‘chronic
toxic encephalopathy’. Patients with CSE often complain about fatigue, mood changes,
memory loss, difficulty in concentration, loss of initiative and headache. Unlike the acute
neurotoxic effects, the symptoms do not disappear after cessation of exposure to organic
solvents, but often continue to exist.
In the 1970s the first reports about CSE came from the European Nordic countries (Hänninen et al., 1976; Arlien-Søborg et al., 1979). Since then many studies have been published, most focused on exposed workers and far less studies on CSE patients. In 1985 the
effects of solvents were discussed in a WHO meeting resulting in a proposal for a classification system (WHO, 1985). A short time later at a meeting in Raleigh a similar classification
system was proposed (Baker and Seppa¨la¨inen, 1986). Both systems are listed in Table 1.
Van der Hoek et al. (2000) showed that in spite of these efforts, only few studies did use
either the WHO or Raleigh classification system to diagnose CSE patients.
Although there is still some controversy about the underlying mechanisms of the diffuse
brain damage, a general consensus has been reached about the clinical description of the
CSE syndrome (White and Proctor, 1997).
The diagnostic process of CSE is a multidisciplinary process, which involves the disciplines
of neurology, neuropsychology, industrial hygiene, toxicology, and occupational medicine.
Sometimes psychiatry is involved. As CSE is regarded as a diagnosis ‘‘per exclusionem’’, all
other possible causes for the syndrome have to be ruled out. Unfortunately, blood tests or
brain imaging techniques are not yet available to diagnose CSE, although promising fMRI
techniques (Visser et al., 2008) might develop into new diagnostic tools. At present the diagnosis of CSE relies on verification of substantial long term exposure to organic solvents, a
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relation in time between exposure and onset and course of symptoms and signs, neuropsychological assessment to objectify cognitive impairment associated with the diffuse brain
damage due to the chronic exposure to solvents, and exclusion of other etiologies (WHO,
1985; Baker and Seppälaäinen, 1986).
Little is known about the course of CSE after diagnosis, especially after exposure has
ceased. Knowledge about the course and the role of prognostic factors could improve the
understanding of the disease process, and education and advise to patients with CSE and
others involved. More knowledge of prognostic factors may also provide key information towards new treatment and rehabilitation strategies. CSE is a relatively mild disease, although
with great consequences for functioning in daily life, and with no existing effective treatment
other than preventing further deterioration and treating the comorbid (psycho)pathology, prevention of exposure has the highest priority. The main objectives of this systematic review
are to provide an overview of the evidence about the course of CSE after diagnosis and to
summarize the available knowledge about prognostic factors. The following questions are
addressed:
1. What is the course of the neurological, neuropsychological and psychiatric impairment,
the health perceptions and social functioning of CSE patients?
2. Which prognostic variables at time of diagnosis predict the outcome of neurological, neuropsychological and psychiatric impairment, the health perceptions and social functioning of
CSE patients at least 1 year later?
3. Are there associations between the course of impairment on neurological functioning,
neuropsychological functioning, psychiatric functioning, health perceptions and social functioning of CSE patients?

Methods
Selection of literature
Databases PubMed, PsycINFO (1970-2008) and EMBASE (1980-2008) were searched.
Taken the recommendations of Altman et al. (2001) and Schaafsma et al. (2006) into account, the following search strategy was chosen: solvent AND follow up AND (encephalopathy OR chronic intoxication). Since the terms ‘Chronic Solvent Induced Encephalopathy’ or
related terms are not MeSH terms, the search terms were used as text words in all fields.
Two neuropsychologists (EvV and EW) independently extracted studies from the literature
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search and references of the retrieved articles were checked. Papers were selected if they
met the following criteria: they were written in English, the study population consisted of patients with diagnosed CSE, and the follow-up time was at least one year. Case studies were
excluded.

Table 1: Classification systems for CSE according to WHO and Raleigh workshops (WHO, 1985;
Baker and Seppäläinen, 1986)
WHO Criteria
Type I
Pathophysiology:
Course:
Clinical manifestations:
Reduced CNS function:

Type II
Pathophysiology:
Course:
Clinical manifestations:
Reduced CNS function:

Type III
Pathophysiology:
Course:
Clinical manifestations:

Reduced CNS function:

Raleigh Criteria
Organic affective syndrome
Unclear
Days to weeks, no sequelae
Depression, irritability, loss of interest in
daily activities
-

Type 1

Symptoms only
The patient complains of non-specific
symptoms such as fatiguability, memory
impairment, difficulty in concentration, and
loss of initiative. These symptoms are
reversible if exposure is discontinued, and
there is no objective evidence of neuropsychiatric dysfunction.

Mild chronic toxic encephalopathy
Unclear
Insidious onset, duration weeks to
months, reversibility variable
Fatigue, mood disturbances, memory
complaints, attentional complaints
Psychomotor function (speed, attention,
dexterity); short term memory; other abnormalities common

Type 2 A

Sustained personality or mood change
There is a marked and sustained change
in personality involving fatigue, emotional
lability, impulse control, and general mood
and motivation.

Type 2B

Impairment in intellectual function
There is difficulty in concentration, impairment of memory and a decrease in
learning capacity. These symptoms are
accompanied by objective evidence of
impairment. There may also be minor
neurological signs. The complete reversibility of Type 2B is questionable.

Severe chronic toxic encephalopathy
Unclear, often associated with structural
CNS damage
Insidious onset, duration indefinite, usually
irreversible
Loss of intellectual abilities of sufficient
severity to interfere with social or occupational functioning; impairment of abstract
thinking; impaired judgment; other disturbances of cortical function; personality
change
Types of abnormality similar to mild toxic
encephalopathy; more pronounced and
pervasive functional deficits; some neurophysiological and neuroradiological test
abnormalities

Type 3

Dementia
In this condition, marked global deterioration in intellect and memory is often accompanied by neurological signs and
neuroradiological findings. This condition
is, at best, poorly reversible, but is generally nonprogressive, once exposure has
ceased.
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Quality assessment
Two neuropsychologists (EvV and EW) independently assessed the methodological quality
of the first five selected studies. As the quality assessment of the first five studies did not
result in differences, it was decided that EvV continued the quality assessment alone. Eventual doubts on the quality assessment were discussed with EW and solved in consensus.
A standardized checklist was used to assess the quality of the studies. This checklist was a
modified version of the checklist used by Kuijpers et al. (2004) for assessing the quality of
prognostic cohort studies. The checklist is divided into different subheadings of study population (A-C), response (D,E), follow-up (F-H), treatment (I), outcome (J), prognostic factors
(K), data analysis (L-N) and data presentation (O,P). Furthermore, the checklist covers aspects of internal validity (A, D, E, F, G, H, I, J, K, L, M), generalisability (B, C, O, P) and precision (N) (Kuijpers et al., 2004). Table 2 and 3 show the criteria for the quality assessment,
and table 4 shows the results. For each study a total quality score was obtained by summing
the positive scores on the items of the quality assessment list. The quality score could thus
range between 0 and 16.
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Table 2: Criteria for the methodological quality of prospective follow-up studies, modified after Kuijpers et al.
(2004)
Criteria

Score

Study population
A.
Inception cohort (defined relationship to onset of symptoms)
B.
Description of inclusion and exclusion criteria
C.
Description of study population
Response
D.
Response ≥ 75%
E.
Information about non-responders versus responders
Follow-up
F.
Prospective data collection
G.
Loss to follow-up < 20%
H.
Information completers versus loss to follow-up
Treatment
I.
Treatment in cohort is fully described/standardized
Outcome
J.
Standardized assessment of relevant outcome criteria
Prognostic factors
K.
Standardized assessment of patient characteristics and potential prognostic factors
Data analysis
L.
Appropriate analysis techniques
M.
Prognostic model is presented
N.
Sufficient numbers
Data presentation
O.
Frequencies of most important outcome measures
P.
Frequencies of most important prognostic factors
+ : Positive (sufficient information and a positive assessment)
- : Negative (sufficient information, but potential bias due to inadequate design or conduct)
nr: Not reported
na: Not applicable
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+
+
+

-

nr/na
nr/na
nr/na

+
+

-

nr/na
nr/na

+
+
+

-

nr/na
nr/na
nr/na

+

-

nr/na

+

-

nr/na

+

-

nr/na

+
+
+

-

nr/na
nr/na
nr/na

+
+

-

nr/na
nr/na

Table 3: Explanation of the criteria for methodological quality of prospective follow-up studies
Explanation of criteria from Table 2
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.
O.
P.

Positive if patients were identified at the first diagnostic assessment for CSE
Positive if criteria were at least: solvent exposure >5 years for at least 50% of the study group, standardized measurement of symptoms, neuropsychological tests for memory, psychomotor function and attention, and exclusion of other
existing neurological diseases (e.g. Parkinson, Alzheimer)
Positive if was described in what setting the patients were recruited. (e.g. general practice, outpatient clinic or hospital)
Positive if response rate at baseline was ≥ 75%.
Positive if information was presented about patient/disease characteristics of responders and non-responders or if
there was no selective response.
Positive if a prospective design was used, also positive in case of a historical cohort study in which the determinants
had been measured before outcome was determined.
Positive if the total number of participants was ≥ 80% on the last moment of follow-up compared to the number of participants at baseline.
Positive if there was no loss to follow-up or at least 1 of the following variables was presented for completers and those
lost to follow-up at the main moment of outcome measurement: age, level of education, level of exposure, or severity
of the symptoms.
Positive if treatment subsequent to inclusion in cohort is fully described or standardized. Also positive in case of no
treatment given.
Positive if at least 75% of the tests and questionnaires were valid and references were cited, (neuro)psychological
assessment was done by trained psychologists, and clinical data were obtained by trained clinicians.
Positive if objective prognostic factor measurements were used at baseline of at least age and level of exposure.
Positive if univariate estimates were provided for the association of a prognostic factor with outcome.
Positive if multivariate analysis was done.
Positive if the number of cases in the multivariate analysis was at least five times the number of independent variables
in the analysis.
Positive if (frequency / percentage / mean) and (median / standard deviation / confidence interval) were reported of the
outcome measurements.
Positive if (frequency / percentage / mean) and (median / standard deviation / confidence interval) were reported of the
prognostic factors.

Data extraction
From the included studies methodological characteristics (follow-up time, study population)
and patient characteristics (age, educational level, exposure) were extracted, as shown in
table 5. Subsequently, data about course, prognostic factors, outcome measures and
strength of associations between prognostic factors and outcome measure were extracted
and divided into the domains of neurology, neuropsychology, psychiatry, health perceptions
and social functioning (table 6-9). Associations between the course of the different domains
were not included in the tables; they are described in the text only. Results were regarded
significant with p<0.05

Results
Selection of studies
The search strategy identified 52 articles from PubMed, 6 articles from PsycINFO and 23
articles from EMBASE, see Fig 1. Of these 81 articles, 21 articles were duplicates. Sixteen
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unique articles met the inclusion criteria. The 44 articles were excluded because of one or
more of the following exclusion criteria: they were not written in English (n=12), the study
population did not consist of CSE patients (n=24), the study was not a follow-up study with at
least one year follow-up time (n=14), or the study was a case study (n=4). Checking the references of the articles did not result in inclusion of new articles.
Of the articles not written in English (n=12), there were four studies not about CSE patients
and two case studies. Four of the remaining studies were written in Danish, one was written
in Norwegian and one in Swedish. The studies as described were not also published in English.

Methodological quality
The results of the methodological quality assessment of the selected studies are presented
in table 4. No study met all quality criteria. Because the quality rating consists of 16 items, a
maximum score of 16 could be accomplished. The included studies ranged between 7 and
12 points (44%-75% of the maximum score). Using the criteria set by Kuijpers et al. (2004)
(high quality >60%; low quality ≤60%) 9 out of 16 studies were rated as high quality studies.
As the studies were reasonably similar with respect to their overall quality rating, it seemed
too arbitrary to assign high versus low quality labels when reporting the results.
Inspection of the table 4, shows that there is a lack of positive ratings on response rate (D),
patient or disease characteristics of responders versus non-responders (E), loss to follow-up
(G) and information about completers versus non completers (H). Only one study did provide
information about treatment (I). With respect to data analysis, only six studies provided some
sort of a prognostic model (M) and three studies adequately presented the data regarding
the most important prognostic factors (K).
Inspection of the results on internal validity (A, D, E, F, G, H, I, J, K, L, M) shows that the
scores range between 5-8, with a possible maximum total score of 11. From the 16 studies,
10 studies had a >60% rating on the internal validity scale of the quality rating. For the aspects of generalization (B, C, O, P) only two studies had a maximum score of four. The majority of the studies (n=12) had a >60% rating on the generalization rating. The aspect of
precision (N) was only covered by one item on the quality rating list. Six studies scored on
the precision item, but it must be noted that these are the only six studies that used multivariate analysis techniques. So all studies using multivariate analysis had at least five times the
number of cases in comparison with the number of independent variables.
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Controlled studies are of higher methodological quality than follow-up studies with patients
only. Therefore it is reasonable to take a closer look at the studies using control groups.
However, of the five studies using control groups, four used the control group data only at
baseline measurement (Antti-Poika, 1982B; Hagstadius et al., 1989; Ørbæk et al., 1988 B,C)
to assess initial differences between controls and patients at time of diagnosis. At follow-up,
patients were compared only to their own results at baseline. Åbjörnsson et al. (1998) compared the data of CSE patients with a control group at follow-up measurement only, and not
at baseline measurement.

Table 4: Methodological quality rating based on criteria in tables 2 and 3
Reference

A.

B.

C.

D.

E.

F.

G.

H.

I.

J.

K.

L.

M.

N.

O.

P.

Score

Åbjörnsson et al 1998

nr

nr

+

nr

nr

+

nr

nr

+

+

+

+

-

na

+

nr

7

Antti-Poika 1982A

+

+

+

+

nr

+

+

nr

nr

-

+

+

-

na

+

nr

9

Antti-Poika 1982B

+

+

+

+

nr

-

+

+

nr

-

+

+

+

+

+

nr

11

Bruhn et al 1981

+

+

+

+

+

+

-

+

nr

+

+

-

-

na

nr

nr

9

Dryson et al 2000

+

+

+

+

+

+

-

-

nr

nr

+

+

-

na

+

nr

9

Edling et al 1990

+

+

+

+

+

+

+

nr

nr

+

+

+

-

na

+

nr

11

Gregersen et al 1987

nr

+

+

-

+

+

+

+

nr

+

+

-

-

na

nr

nr

8

Hagstadius et al 1989

+

+

+

nr

nr

+

+

+

nr

+

+

+

-

na

+

nr

10

Juntunen et al 1982

+

+

+

-

nr

+

-

nr

nr

+

+

+

+

+

+

nr

10

Lindström et al 1982

+

+

+

nr

nr

+

+

nr

nr

+

+

+

+

+

+

nr

11

Morrow et al 1991

+

+

+

nr

nr

+

+

+

nr

+

+

+

+

+

+

nr

12

Morrow et al 1998

nr

+

nr

nr

nr

+

+

+

nr

+

+

+

+

+

+

+

11

Ørbæk et al 1988A

+

+

+

+

nr

+

-

-

nr

+

+

+

+

+

+

+

12

Ørbæk et al 1988B

+

+

+

nr

nr

+

+

+

nr

+

+

+

-

na

+

nr

10

Ørbæk et al 1988C

+

+

+

-

-

+

-

nr

nr

+

+

+

-

na

+

+

9

Seppäläinen et al 1983
+
+
+
+
nr
+
+
nr
nr
+
+
+ : Positive (sufficient information and a positive assessment)
- : Negative (sufficient information, but potential bias due to inadequate design or conduct)
nr: Not reported
na: Not applicable

+

-

na

nr

nr

9
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Data extraction
Study characteristics
The study and patient characteristics are listed in table 5. From the 16 studies, 13 studies
came from the Nordic countries. The remaining 3 studies were conducted in the USA and
New Zealand. The five articles from Finland all reported data from the same study group.
The same is true for the three articles from Ørbæk et al. (1988A,B,C) from Sweden.
The mean follow-up time per study ranged between 1.3 years to 7 years. The study population of all studies consisted of diagnosed CSE patients. Seven studies divided the CSE patients into Type 1 and Type 2 groups, according to the classifications of WHO or Raleigh
(WHO, 1985; Baker et al., 1986). Five studies included a control group. The mean age of the
patients at time of diagnosis varied across studies from 38.6 years to 57 years. Only six
studies provided some kind of information about the educational level of the patients, indicating normal intelligence but no higher school qualifications.
All patients were reported to have had enough cumulative lifetime exposure to organic solvents to be diagnosed with CSE. The majority of the patients described in the studies terminated exposure to organic solvents at diagnosis. A small amount of patients were however
still exposed at follow-up, with percentages ranging across seven studies from 5%-14%. In
five studies, still exposed patients at diagnosis ceased exposure before follow-up measurement, with percentages of patients terminating exposure ranging across studies from 18%37%. There were eight studies in which all patients had terminated exposure at follow-up.

Course, prognostic factors, and associations of neurological impairment
The results of the course and prognostic factors of neurological impairment are listed in table
6. Various methods were used to describe the course of neurological impairment in CSE
patients, including imaging techniques and neurophysiological measures such as computerized tomography (CT), regional cerebral blood flow levels (CBF), electroencephalography
(EEG), event related potentials (ERP), electroneuromyography (ENMG), and clinical evaluations of a neurologist.
The overall regional CBF-levels of CSE patients did not change during follow-up (Hagstadius
et al.,1989). Ørbæk et al. (1988C) showed that CSE patients had significant increase of total
EEG total power in all 4 recording channels compared to controls at time of diagnosis as well
as at follow-up. This finding was in line with the hypothesis of CSE mimicking the character-
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istics of a slight metabolic encephalopathy. During follow-up the total EEG power decreased
significantly at three channels for the CSE patients. Seppäläinen et al. (1983) found that only
21% of the CSE patients had a slight deterioration on EEG measures, whereas 47% of the
patients improved and 32% had unchanged EEG recordings. Morrow et al. (1998) found that
33% of the CSE patients had improved P300 latency at follow-up on an odd-ball counting or
odd-ball reaction time task. Seppäläinen et al. (1983) found that 43% of the CSE patients
showed improvement on ENMG variables opposite to deterioration in 33% of the CSE patients. The clinical evaluations (Antti-Poika 1982A, Bruhn et al.,1981; Juntunen et al., 1982)
showed that the neurological condition of the majority of the CSE patients improved or remained stable at follow-up.
Hagstadius et al. (1989) identified the initial mean CBF as a prognostic factor for the mean
CBF-level at follow-up; patients with an initial lower CBF-level showed more normalization at
follow-up. Age was not a significant predictor for CBF-level at follow-up. Seppäläinen et al.
(1983) could not identify alcohol use and different exposure measures as prognostic factors
for the EEG results at follow-up. Morrow et al. (1998) found recency of exposure and an index of exposure as prognostic factors for improvement on P300 latency; less exposure duration combined with no peak exposure and more time between exposure and testing predicted a better outcome on P300 latency. Juntunen et al.(1982) identified less duration of exposure, a lower level of exposure, and an exposure index as prognostic factors for less disturbances in gait and station at follow-up.
Length of follow-up can not be measured at baseline and can strictly speaking therefore not
be a prognostic factor. However, length of follow-up was associated with several outcome
measures; Ørbæk et al. (1988C) showed that follow-up time was significantly correlated with
the decrease in total EEG power of three channels and Juntunen et al. (1982) showed a
significant association between a longer length of follow-up and less disturbances in gait and
station. Hagstadius et al. (1989) did not demonstrate a significant association of length of
follow-up and CBF-level at follow-up.
Ørbæk et al. (1988B) found that the young group of CSE patients showed a greater increase
on ENMG amplitude of the sural electrode, but a greater decrease in conduction velocity of
the median IIIN and median IN electrode as compared with the old group. Antti-Poika
(1982A) reported that the use of medication affecting central nervous system (CNS) functioning at follow-up was associated with a poorer general clinical evaluation at follow-up.
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Course, prognostic factors, and associations of neuropsychological impairment
The results of the course and prognostic factors of neuropsychological impairment are listed
in table 7. Neuropsychological functions were assessed in seven studies. Overall, the majority of the studies showed improved or unchanged neuropsychological functioning of CSE
patients at follow-up. Some studies did not demonstrate differences between neuropsychological functioning at baseline and follow-up (Åbjörnsson et al., 1998; Bruhn et al.,1981),
others reported improved neuropsychological functioning percentages of patients ranging
from 15-32% (Lindström et al., 1982), 26% (Edling et al., 1990), 43% (Dryson et al., 2000),
up to 50% (Morrow et al., 1992). No study found severe deterioration on neuropsychological
functioning in CSE patients.
Severity of neuropsychological impairment at baseline was a prognostic factor for neuropsychological functioning at follow-up; the patients (n=10) with moderate or worse impairments
at diagnosis were more likely to have improved at follow-up (Dryson et al., 2000). Lindström
et al. (1982) identified a higher age as a negative prognostic factor for neuropsychological
functioning at follow-up, and Morrow et al. (1991) found a history of peak exposure as a
negative prognostic factor for neuropsychological functioning at follow-up. On the other
hand, in the study of Ørbæk et al. (1988A) the existence of the before mentioned prognostic
factors age and exposure were not significant predictors.
Edling et al. (1990) found a significant correlation between deterioration on various neuropsychological tests and deterioration on core symptoms and reduced activity level respectively. Lindström et al. (1982) found associations between a shorter duration of follow-up, the
use of medication affecting CNS functioning at follow-up and worse neuropsychological functioning at follow-up. Ørbæk and Lindgern. (1988A) did not find an association between follow-up time and neuropsychological functioning at follow-up. Morrow et al. (1991) found associations at time of diagnosis between higher scores on the depression and confusion subscales of the MMPI and poor neuropsychological functioning. At follow-up measurement,
they found associations between higher scores on MMPI subscales excessive bodily concern, depression, somatic concern and confusion and poor neuropsychological functioning.

Course, prognostic factors, and associations of psychiatric dysfunction
No study provided data on psychiatric functioning, by which is meant data on diagnosed major psychiatric disorders, although there were various studies about subjective experienced
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psychological symptoms. These data are listed under the domain of mental health perceptions.

Course, prognostic factors, and associations of physical and mental health perceptions
The results of the course and prognostic factors of physical and mental health perceptions
are listed in table 8. Physical and mental health perceptions were studied by eight authors.
Most studies found improved physical and mental health perceptions of CSE patients at follow-up, although no study found an absence of complaints or symptoms at follow-up. Some
studies found unchanged levels of mental health perceptions (Åbjörnsson et al., 1998; Morrow et al. 1991), whereas others found percentages of patients with improved health perception ranging from 37% (Dryson et al., 2000) to 52% (Annti-Poika, 1982B). Bruhn et al. (1981)
found an improvement in 33% of the symptoms and Juntunen et al. (1982) found improvement on health perceptions ranging between 11-30%. Ørbæk et al. (1988A) found a significant decrease in neurasthenic symptoms at follow-up. Not all patients showed improved
health perceptions however: 16% (Dryson et al., 2000) to 21% (Antti-Poika, 1982B) of the
patients showed a lower level of mental health perception at follow-up, and Bruhn et al found
a deterioration in 6% of the physical and mental symptoms.
Antti-Poika et al. (1982B) identified a younger age as a prognostic factor for improved physical and mental health perceptions at follow-up and Dryson et al. (2000) found that the use of
antidepressant medication negatively predicted mental health perceptions at follow-up. It
was not clear from the article at which point in time the use of antidepressant medication
was measured.
Antti-Poika et al. (1982B) found that longer duration of follow-up, and absence of regular
check-ups at the institute were significantly associated with improved physical and mental
health perceptions at follow-up.

Course, prognostic factors, and associations of social consequences
The results of the course and prognostic factors of social consequences are listed in table 9.
Social consequences of CSE were studied in eight articles. At follow-up percentages of
working CSE patients ranged between 23-58% (Åbjörnsson et al., 1998), 23% (Bruhn et al.,
1981), 31% (Ørbæk et al., 1988A), 33% (Morrow et al., 1991), 52% (Gregersen et al., 1987),
57% (Dryson et al., 2000), and 66% (Antti-Poika, 1982A). CSE patients sometimes received
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compensation consisting of either disability pension (31-69% Åbjörnsson et al., 1998; 61%
Bruhn et al., 1981; 48% Gregersen et al., 1987) early retirement pension or long term sick
leave (34% Antti-Poika, 1982A; 35-74% Edling et al., 1990; 31% Ørbæk et al., 1988A).
Bruhn et al. (1981) noted that although some of the CSE patients found another profession,
all patients suffered from much reduced incomes regardless of work status. CSE affected
not only the ability to work, other areas of social functioning were also negatively affected by
the condition; Antti-Poika (1982A) reported that 25% of the CSE patients experienced difficulties in social life or hobbies due to the CSE. In correspondence with Antti-Poika (1982A),
Edling et al. (1990) found that CSE patients of Type 2B had a lower activity pattern than the
Type 1 CSE patients at diagnosis and this activity pattern did not change from time of diagnosis to follow-up. Furthermore, Edling et al. (1990) found a positive correlation between
health perceptions and activity pattern; patients with better health perceptions were more
active.
Severity of neuropsychological impairment at time of diagnosis, a higher age and higher exposure rank negatively predicted work status (Gregersen et al., 1989), although there were
no statistics given in the article on the strength of these associations. Dryson et al. (2000)
could not confirm the severity of neuropsychological impairment at time of diagnosis as a
prognostic factor; they could only show a trend towards this association.
A poor outcome on neuropsychological assessment at follow-up was associated with absence of active employment at follow-up. Furthermore, those workers with a poor outcome
on neuropsychological assessment at follow-up were more likely to have been involved in
litigation procedures at time of follow-up (Morrow et al., 1991).
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Country

Sweden

Finland

Finland

Denmark

New Zealand

Sweden

Denmark

Reference

Åbjörnsson et al 1998

Antti-Poika 1982A

Antti-Poika 1982B

Bruhn et al 1981

Dryson et al 2000

Edling et al 1990

Gregersen et al 1987

Table 5: patient characteristics

3-9 years
Mean: 5.9 years

3-9 years
Mean: 5.9 years

1.8-2.6 years
Mean: 2.1 years

0.5-3.5 years
Mean: 2.3 years

Type 1: 6.8 years
Type 2: 6.7 years
Both: SD= 1

Mean: 5 years

•
•

•
•

•
•

•
•

•
•
•

•

•

•
•

•

•

•
•

•
•

•
•

•
•
•
•

7 years

•

21 ♂ CSE

65 ♂ type 1 CSE
46 ♂ type 2B CSE

21 CSE

26 ♂ CSE

71 ♀ and ♂ CSE
N=16 treated separately
because of neurological
findings
20 ♀ and 9 ♂ controls
With occupational asthma

40 ♂ CSE
47 ♀ CSE

13 ♂ CSE treated (TTE)
26 ♂ CSE untreated (UTE)
TTE + UTE = TE
39 ♂ controls matched to
TTE (3 controls per TTE)

Study population

Follow-up time

•
•

•
•

•
•

•
•

•
•

•
•

•
•
•
•
•
•
•
•
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Mean 44.8 years
Range 23-56 years

53 years, SD=10
56 years, SD=8

Mean 39 years
Range 25-53

Mean 42 years
Range 24-63

See Antti-Poika 1982a
Controls: no difference in comparison
with CSE patients

Mean 38,6
Range 20-59

Mean:
57 (TTE)
54 (UTE)
54 (controls)
Range:
39-65 (TE)
34-65 (UTE)
34-64 (controls)

Age at baseline

•

•

•

•

•

•

nr

nr

Occupation classification indicated similar
level of education for
all the patients: no
higher school qualifications.

At least 7 years
education
Intelligence within
normal limits

nr

nr

controls: compulsory
or practical vocational
training

•

•

Not reported for TE
group

•

Education

•

•

•
•

•
•
•
•

•
•

•

•
•
•

•
•
•
•
•

Mean years of exposure
25.5 Range 6-40
Distribution degree of
exposure: n=10 slight
use of solvents, n=5
paints with high content
solvents using brush and
ventilation, n=6 high content of solvent using a
spray without protection

23 years, SD=11
26 years, SD=10

Mean Exp. Score 44
Range Exp. Score 7-94
Peak exposure N=11
No peak exp. N=8

Mean 28 years
Range 8-44

See Antti-Poika 1982A

Mean 10,4 years
Range 1-33 years
Median 8.5 years

exposure index:
TTE: 50.3 (15.5 sd)
UTE: 43.6 (16.9 sd)
Years of exposure:
TE: 11-47 years

History of Exposure at baseline

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•

No exposed patients at followup

N=41 (both groups) had
continued exposure after diagnosis: range 0.2-8 years
N=13 type 1 still exposed
N=3 type 2B still exposed

N=15 terminated exposure
after diagnosis
N=6 reduced exposure

None had been exposed
during follow-up period

See Antti-Poika 1982a

N=54 (62%) terminated exposure after diagnosis
N=12 terminated exposure
within 1 year after diagnosis
N=16 continued exposure
between 13 months and 7
years (mean 28 months)
At follow-up N=5 were still
exposed

‘most’ subjects no more exposure after diagnosis
None of TTE exposed at
follow-up
4 UTE ‘slight’ exposure at
follow-up

Exposure at follow-up

Country

Sweden

Finland

Finland

USA

USA

Sweden

Sweden

Reference

Hagstadius et al 1989

Juntunen et al. 1982

Lindström et al. 1982

Morrow et al 1991

Morrow et al 1998

Ørbæk et al 1988A

Ørbæk et al 1988B

3-9 years
Mean 5.9 years

Mean 1.3 years
Range: 0.7-3.2
years

Mean 1.7 years
Range 0.8-3 years

Median 4 years
Range 1.8-7.3
years

•
•

•
•

•
•

•
•

Data from N=32:
•
Median 4 years
•
Range 1.8-7.3
years

3-9 years
Mean 5.8 years

•
•

32♂ CSE Type 2B

11♂ CSE Type 2B (young)
15♂ CSE Type 2B (old)
50 controls

•
•
•

16 CSE type 2

7 ♀ type 2A/B CSE
20 ♂ type 2A/B CSE

40 ♂ CSE
46 ♀ CSE

41 ♀ CSE
39 ♂ CSE

•

•

•
•

•
•

•
•

•

•
•

2-7 years
Mean 3.1 years

•
•
28 ♂ CSE Type 2
72 ♂ controls unexposed
(UC)
50 ♂ controls exposed (EC)

Study population

Follow-up time

•

•

•

•
•

•
•

•

•
•

•
•

•
•
•
•
•
•
•
•
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Mean 38 years, range
32-48 years (young)
Mean 58 years, range
51-65 years (old)
Mean 42 years, range
27-64 years (controls)

Median 53 years
Range 30-65 years

Mean 43.1 sd 8.44
Range 27-54

Mean: 39,4 years

Mean 38.6 years
Range 20-60 years

♀ 42.5 (25-59)
♂ 36.5 (20-54)

Mean:
50 years CSE
48 years UC
41 years EC
Range:
33-63 CSE
28-68 UC
26-62 EC

Age at baseline

•

•

•

•

•

•

•

•

nr

nr

Improved group 15.5
years (SD 4.0)
No improvement
group 12.2 Years (SD
1.7)

Mean:12.3 years (1.5
SD)

Most patients only
elementary school,
n=2 intermediate
school, n=14 vocational education, n=6
vocational courses

nr

nr

Education

•

•

•

•
•

•
•

•

•
•
•

•

•

•

•

•
•
•
•
•
•
•

Data from N=32: Median
26 years, range 7-50
years
Exposure index (young)
30
Exposure index (old) 62

Median 26 years
Range 7-50 years

Mean 6.2 years
Range 1 day-30 years

Mean: 5,2 years
Range: 1 day-15 years
History of peak exposure: 57% of patients
Mean exposure-to-test
interval: 0.4 years, range:
1 week–3 years

Mean years of exposure:
10.7
Range 1-33 years

Mean years of exposure:
10.7
Range 1-33 years

CSE patients:
Median 26 years
Range 7-50 years
Mean exposure index: 48
Range 12-100, SD 23
EC:
Mean 18 years, SD 10

History of Exposure at baseline

•

•
•

•

•

•

•

•

•

•

•

•

•

•

Data from N=32: Mean 3
years, range 0.3-7.8 years
since stop exposure

N=29 unexposed
N=3 occasional low exposure
(considered as unexposed)

No exposure between diagnosis and follow-up

No exposure between diagnosis and follow-up (except
1patient 1 week exposed)

N=53 stop exposure at diagnosis
N=12 stop exposure within 1
year after diagnosis
N=16 still exposed for 1-7
years (mean 2.3 years) after
diagnosis followed by exposure stop
N=5 still exposed at follow-up

N=49 stop exposure at diagnosis
N=12 stop exposure within 1
year after diagnosis
N=15 still exposed for 1-7
years (mean 2.3 years) after
diagnosis followed by exposure stop
N=4 still exposed at follow-up

All CSE patients terminated
exposure after diagnosis

Exposure at follow-up

Sweden

Finland

Ørbæk et al 1988C

Seppäläinen et al 1983

nr: not reported

Country

Reference

Mean 5.9 years
Range 3-9 years

•
•

•
•

•
•

Mean 2.8 years
Range 1.4-6.3
years

•
•

40♂ CSE
47♀ CSE

24♂ CSE patients
50♂ controls

Study population

Follow-up time

•
•

•
•
•
•
•
•
•
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Mean 38.6 years
Range 20-59 years

Data from N=32 CSE:
Mean 49 years
Median 53 years
Range 30-65 years
Controls:
Mean 42 years
Range 27-64 years

Age at baseline

•

•

nr

nr

Education

•
•

•

•

Mean 10.7 years
Range 1-33 years

Data from N=32: Median
26 years, range 7-50
years
Data from N=32: Exposure index mean 46,
range 12-100, sd 23

History of Exposure at baseline

•
•

•

•

•

N=54 terminated exposure
after diagnosis
N=12 terminated within 1 year
N=5 still exposed at follow-up

Data from N=32: Mean 3
years, range 0.3-7.8 years
since stop exposure
None were exposed at followup

Exposure at follow-up

1. Age (years)
2. Duration exposure
(years)
3. Level of exposure
(low/intermediate/high)
4. Duration * Level
5. Length of follow-up (<6
years / 6-9 years)

Recency of exposure
Duration of exposure * peak
exposure

nr

nr

Alcohol use, duration/level
exposure, immediate termination of exposure

•
•

•
•

•

•

•

Juntunen et al. 1982

Morrow et al 1998

Ørbæk et al 1988B

Ørbæk et al 1988C

Seppäläinen et al 1983

nr: not reported
sign: significant
ns: not significant

1. Age
2. Initial mean flow level

•
•

Hagstadius et al 1989

•
•

•

nr

•

Bruhn et al 1981

•

•

•

•

•

•

•

•

nr

•

Antti-Poika 1982A

EEG and ENMG variables

nr

nr

Improvement on P300 latency
on odd-ball counting or oddball reaction time task

Prognosis disturbance in gait
and station
(worse/unchanged/better)

Degree of increase in cerebral
blood flow.

nr

nr

Outcome measures

Prognostic factors at baseline

Analysis of prognostic factor

Reference

Table 6: neurological findings

•
•

•

•

•
•
•

•
•
•
•
•
•

•
•
•

•

•

ns
(univariate)

nr

nr
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R=0.65, F=4.86 sign
81% correctly classified
(discriminant analysis, multivariate)

1. r=-0.12 ns
2. r=-0.30 sign
3. r=-0.27 sign
4. r=0.22 sign
5. r=0.23 sign
(multivariate)

1. r=0.26, ns
2. r=-0.52, sign
(univariate)

nr

nr

Strength of association

•
•
•

•
•
•
•
•

•

•
•
•
•
•

•
•
•

•
•

•
•

•
•

•
•
•

•
•

Decreased prevalence EEG slow wave abnormality
Increased prevalence EEG paroxysmal abnormalities
N=41 improved on EEG
N=18 deteriorated on EEG
N=28 no change in EEG (of which N=19 had normal EEG findings on both measurements)
43% ENMG improvement, 33% ENMG deteriorated
N=6 normal ENMG normal at both measurements
Sign. change in overall ENMG (62% neuropathic findings on T0 vs 74% neuropathic
finding in T1)

Sign decrease EEG power on channel 1,2, and 3 in CSE patients at follow-up as compared to baseline recordings

Electroneurographic findings in CSE patients:
Sign. decrease motor conduction velocity median (55.8(3.4) vs 54.2 (4.5))
Sign decrease conduction velocity median dig IN (45.0 (5.9) vs 42.7 (5.1))
Sign. Decrease median dig IIIN (49.9 (7.1) vs 47.0 (5.6))
Sign. Increase distal motor latency peroneal (4.3 (0.7) vs 4.7 (1.1))

N=5 improved on P300 latency (ERP) on odd-ball counting or odd-ball reaction time task
N=10 no improvement on P300 latency (ERP) on neither tasks
N=1 missing?

N=16 with pathological findings on neurological assessment had none at follow-up
N= 5 without pathological neurological findings at diagnosis had pathological neurological
findings at follow-up
N=33 normal clinical neurological status at diagnosis and follow-up
Sign. increased neurological signs: cerebellar signs (n=10 vs n=24), signs of gait and
station (n=7 vs n=9), signs of psycho organic syndrome (n=7 vs n=10)

At follow-up previous differences in blood flow diminished and were not sign.
No sign. increase of blood flow within CSE group

N=24 unchanged CT scan results
N=2 increased cortical atrophy on CT scan
No differences in clinical neurological evaluation at follow-up

General clinical evaluation: n=21 worse, n=43 unchanged, n=23 better
(=clinicians opinion together with calculated score CNS/PNS symptoms, EEG, ENMG,
psychological evaluation)

Course

Description of course

nr

•

•
Age
•
Duration of follow-up
•
Medication affecting CNS
functioning

Edling et al 1990

Lindström et al. 1982

nr

nr: not reported
sign: significant
ns: not significant

Neuropsychological test performance at follow-

•
up

•

Ørbæk et al 1988A

Age, exposure, follow-up
time

•
Qualitative: clinical rating (good outcome /
improved cognitive functioning vs poor outcome / no
change or decline in cognitive functioning)
•
Quantitative: average percentage of change of
test scores (good outcome / improved cognitive
functioning vs poor outcome / no change or decline in
cognitive functioning)
•
qualitative and quantitative methods resulted in
same groups

•
1. History of peak exposure
•
2. Age
•
3. Length of follow-up
•
4. interval exposure to test
•
5. Workers appraisal of
cognitive improvement

•
Overall psychological prognosis: Combined
change similarities, Digit Span, Bourdon Wiersma
speed (tests selected because of highest correlation
with predictors)

•

•
Cognitive change: Number of patients with
better neuropsychological functioning versus number
of patients with same/worse neuropsychological
functioning at follow-up

Morrow et al 1991

•

Severity at diagnosis

•

Dryson et al 2000

nr

nr

nr

•

Bruhn et al 1981

•

•

nr

•

Åbjörnsson et al 1998

Analysis of prognostic factor

Outcome measures

Prognostic factors at baseline

Reference

Table 7: Neuropsychological findings

nr

nr

r=-0.45 sign
r=0.49 sign
r=-0.22 sign
(multivariate)

nr
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•
•

ns
(multivariate)

•
1. F=8,4 sign. Accounted for 36% of
variance (multiple regression, multivariate)
•
2-5. ns

•
•
•
•

•

•
RR moderate-worse neuropsychological functioning 3.85 (1.03-14.38) sign
•
RR mild or better neuropsychological
functioning 1.00 n.s.
•
(univariate)

•

•

Strength of association

•

•

•
•
•

•

•

•

•

•

•
•

•

•
•
•

•
•
•

•

Description of course

Errors on visual retention test Benton and Paired associates test sign.
improved (at least 2 stanines)
Simple reaction time and multiple choice reaction time sign. deteriorated
(at least 2 stanines)

50% overall cognitive improvement at follow-up
50% decline or no overall cognitive improvement at follow-up
Good outcome group improved on virtually all measures

Sign. improvement on neuropsychological tests: similarities (16.1 vs 19.1),
picture completion (12.6 vs 13.7)
Sign. decrease on neuropsychological tests: symmetry drawing errors (4.0
vs 4.9) Santa Ana left (39.2 vs 37.2), Mira staircases (17.4 vs 19.4)
Intellectual functions: 13% deterioration, 32% recovery and 55% stable
performance (change ≥ 1SD on 1 test variable)
Short term memory: 19% deterioration, 15% recovery and 66% stable
(change ≥ 1SD on 1 test variable)
Sensory and motor functions: 22% deterioration 21% recovery, 57%
stable (change ≥ 1SD on 1 test variable)

More type 2B patients deteriorated on hold tests compared to type 1. The
groups did not differ in pattern of other tests
N=12 improved their diagnosis from type 2B to type 1
N=3 deteriorated and were diagnosed from type 1 to 2B

N=9 better overall neuropsychological function
N=12 same or worse overall neuropsychological function
(assessed by neuropsychological test battery)

1 of 11 tests a sign. decline: not clinically relevant (sentence repetition)
None of the patients improved sign.
2 patients deteriorated (0.5 and 1 point on 0-2 overall impairment scale)

No differences neuropsychological tests T0-T1 and TTE-UTE

Course

•

nr

•
Antidepressant use (not stated
at which measurement)

nr

nr

nr

nr

•

•

•

•

•

Bruhn et al 1981

Dryson et al 2000

Edling et al 1990

Juntunen et al. 1982

Morrow et al 1991

Ørbæk et al 1988A

nr: not reported
sign: significant
ns: not significant

•
Psychological symptoms change
(same-worse vs better)

Age
Duration of follow-up
Regular check-ups at institute
Duration exposure

•
•
•
•

Antti-Poika 1982B

•

•

•

•

nr

nr

nr

nr

nr

•
Subjective condition (better/
worse/ no change)

nr

•

nr

•

Åbjörnsson et al 1998

Analysis of prognostic factor
Outcome measures

Prognostic factors at baseline

Reference

Table 8: Physical and mental health perceptions

nr

Reg coeff=-0.03 sign
Reg coeff =0.44 sign
Reg coeff =-0.41 sign
Reg coeff =0.00 ns
(multivariate)

nr

173

•

•

•

•

nr

nr

nr

nr

•
Relative Risk same-worse 5.25 (0.8333.2) sign. (95% CI Taylor series expansion,
p value from Fisher exact test)
•
Relative Risk better 1.00 ns
•
(univariate)

•

•
•
•
•
•

•

Strength of association

•

•

•

•

•

•
•

•
•
•
•

•
•
•
•

•
•
•
•

•

•

Description of course

Sign. decrease in symptoms of fatigue, skin problems and
dyspepsia
Mean neurasthenic symptoms sign decreased

Observation of figure 1 suggests psychological symptoms to be
uniform and stable over time. No statistics given

At follow-up a significant decrease of symptoms was found:
headache(n=54 vs 45), memory disturbance (n=46 vs 31),
tiredness (n=49 vs 24), nervousness (n=32 vs 17)

Prevalence of symptoms greater in type 2B, also at follow-up.
No difference between groups in degree of change on separate
symptoms.
After pooling memory, depression, concentration, lack of
initiative and fatigue, type 2B group showed more deterioration
and less improvement.

N=7(37%) psychological symptoms improved
N=10 (47%) no change
N=3 (16%) worse
(psychological symptoms assessed by interview)

33% of symptoms improved
61% of symptoms unchanged
6% of symptoms deteriorated
(symptoms assessed by interview)

N=37 (52%) subjective condition better
N=15 (21%) subjective condition worse
N=19 (27%) subjective condition no change
(symptoms assessed by interview)

TTE: improved social interaction, adequacy of attachment,
social integration and availability of social integration (ISSI)
TTE: reduction psychological distress (GSI-50)

Course

•

•

•
Age (years)
•
Exposure rank (1-21)
•
Neuropsychological impairment
score (1-6)

nr

nr

•

•

•

Edling et al 1990

Gregersen et al 1987

Morrow et al 1991

Ørbæk et al 1988A

nr: not reported
ns: not significant

•

•
Severity cognitive impairment at
diagnosis

Dryson et al 2000

nr

•

nr

•

Bruhn et al 1981

•

•

•

nr

•

Antti-Poika 1982a

nr

nr

Work (yes/no)

nr

Stop work (yes / no)

nr

nr

nr

•

nr

•

Åbjörnsson et al 1998

nr

nr

nr

nr

•

•
nr

nr
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•
Working patients at follow-up were younger, less
exposed and less intellectual impaired than patients
who did not work at follow-up.
•
No statistics given

•

•
Relative Risk moderate or worse 3.67 (0.9613.95) ns
•
Relative Risk mild or better 1.00 ns
•
(univariate)

•

•

•

Strength of association

Analysis of prognostic factor
Outcome measures

Prognostic factors at baseline

Reference

Table 9: Social consequences

•
•
•

•

•
•
•

•
•
•

•

•
•

•
•
•
•
•

•

•

•
•

•
•

Description of course

N=20 early retirement or long term sick leave
N=10 working (N=2 part-time)
N=2 rehabilitating

N=9 of the good outcome group (N=13) returned to work, none
of the poor outcome group (N=14)

N=10 disability pension
N=11 worked
N=8 tried rehabilitation N=6 succeeded in getting a job

Type 2B group more sickness or early retirement pension (74%
vs 35%)
Type 2B group had lower activity pattern.
No change in mean activity level between or within groups.
Positive association subjective change activity level and subjective change symptoms (r=0.63 sign.)

N=8 stopped work
N=12 working

N=16 disability pension
N=6 other profession
N=2 rehabilitation
N=2 rehabilitation abandoned, claiming disability pension
Generally: much reduced incomes, regardless work status

N=57 able to work at FU (16 restrictions)
N=30 retired (20 because of CSE, 7 partly because of CSE, 3
other disease)
N=22 experienced restrictions in hobby or social life (n=4 ADL
restrictions)
N=82 received compensation

TTE: 23% working, 69% disability pension, n=1 unemployed
UTE: 58% working, 31% disability pension, n=1 long term sick
leave, n=2 unemployed

Course

Discussion
The aim of this review was to provide an overview of the evidence about the course of CSE,
to summarize the available knowledge of prognostic factors and to describe associations
between the course of different domains.
For neurological functioning it was found that CSE patients had worse values for neurological and neurophysiologic parameters at time of diagnosis and follow-up than controls. However, the overall majority of the CSE patients showed improved or unchanged results at follow-up compared to the results at diagnosis. Several prognostic were found: a lower initial
mean CBF-level predicted improvement of CBF-level at follow-up, less recency of exposure
and a lower exposure index predicted improvement on ERP P300 at follow-up and various
lower exposure variables predicted improvements in gait and station at follow-up. A young
group showed more improvement on ENMG variables than an old group and the use of CNS
affecting medication at follow-up was associated with a poor general neurological evaluation
at follow-up.
Neuropsychological functioning in general improved or remained unchanged during followup. No study found severe deterioration. Prognostic factors for improved neuropsychological
functioning were an initial lower performance on neuropsychological assessment, a lower
age, and no history of peak exposure. Deteriorated neuropsychological test results correlated with more negative mental and physical health perceptions, a lower activity level, the use
of CNS affecting medication, a shorter follow-up time and involvement in litigation procedures.
Most studies found improved physical and mental health perceptions at follow-up, although
no study found an absence of complaints. A prognostic factor for improvement of physical
and mental health perceptions was a younger age. Improved physical and mental health
perceptions were associated with the absence of antidepressant use, a longer follow-up period and less in between check-ups at the institute.
At follow-up 23–66% of the CSE patients were employed. Others often received compensation such as a disability pension (31–69%), or an early retirement pension. Long term sick
leave was mentioned frequently (31–74%). Unemployment at follow-up was predicted by the
severity of neuropsychological impairment at diagnosis, a higher age and higher exposure.
Absence of active employment was associated with a poorer outcome on neuropsychological assessment at follow-up.
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Unfortunately it was not possible to assess levels of evidence in this review or to perform a
meta analysis based on the results of the studies found, due to the large heterogeneity of the
studies regarding population, methodology, selection of instruments measuring prognostic
factors and outcome and societal context. However, all studies indicate that after diagnosis,
CSE is nonprogressive and no severe decline of functioning is found.
To our knowledge, this study is the first to systematically review all evidence on the course
and prognostic factors of CSE. Some limitations of this review must be addressed; firstly, the
generalization of the results can be questioned, as all patients originated from the European
Nordic countries, USA and New Zealand. Secondly, two study groups accounted for eight of
the sixteen selected articles in this review. Although all studies addressed different topics,
these CSE patients were involved in more than one study and may have caused some bias
by overrepresentation in the results of this review. Finally, selecting studies written in English
may have ignored extra information originating from Denmark, Norway and Sweden.
Some limitations of the included studies must be addressed, which cause the need for cautious interpretation of the results. Firstly, there were some limitations regarding the presentation of the results. Regarding the lack of information about response and follow-up in all
studies, selection bias cannot be ruled out. We have no suggestion in which direction this
bias would have influenced the results. Unfortunately no study provided information on
treatment. Thirteen out of sixteen studies had inadequate data presentation of possible
prognostic factors.
Secondly, some limitations regarding methodology and statistic analysis must be addressed.
Many studies did not use a prognostic model to predict outcome variables. Perhaps this
might be explained as a fair amount of these studies was published in the 1980s, in which
period computer resources to perform statistical analysis was not widely available. Conducting a follow-up study without a control group often leads to the phenomenon of regression
towards the mean, especially in studies subdividing groups into low and high or similar variables. In no study results were adjusted for the regression towards the mean effect. In several studies it is not recognized that clinically relevant, opposite effects in patients can result
in no effect at group level. The five studies which used a control group, only used the control
group at either baseline or followup measurement. No study used a control group at both
measurements.
Finally, there were some limitations concerning the content of the studies. The small number
of studies that applied either the classifications of WHO or Raleigh (WHO, 1985; Baker and
Seppa¨la¨inen, 1986) is in line with results found earlier (Van der Hoek et al., 2000). The
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resulting differences in diagnostic criteria hampers the comparability of the patient groups.
Also patient groups might differ in the inclusion of patients of Type 1 and 2A and of patients
with comorbidity.
With neuropsychological assessment as one of the cornerstones of the diagnostic process of
CSE, it is particularly important that the performance on the neuropsychological tests can be
trusted to be a reliable representation of the actual ability of the patient. During the past two
decades evidence emerged about considerable numbers of patients with suboptimal neuropsychological test results, especially in patient populations where there are litigation and
compensation issues involved (Slick et al., 1999; Van Hout et al., 2003; Greve et al., 2006).
No study in this review checked for indications of suboptimal neuropsychological test performance. The result of Morrow et al. (1991) showing an association between involvement in
litigation and poor outcome on neuropsychological assessment might be caused by suboptimal performance. Neuropsychological test results of future studies should be accompanied
by test results of sub-optimal performance measurements.
No data on psychiatric comorbidity were presented in the articles included in this review.
This is remarkable, because other studies have found incidence levels of current DSM IV
axis I psychiatric disorders in groups chronically exposed to organic solvents of 41%
(Condray et al., 2000) and 71% in a CSE patient group (Morrow et al., 2000). The high level
of reported psychological symptoms described in various studies in this review however,
points towards the plausibility of increased incidence of psychiatric comorbidity.
In this review, no clear dose–response relationships were found between cumulative exposure and domains of functioning. An explanation for this might lie in the study design as obtaining evidence for dose–response effects requires large epidemiological cohort studies.
Follow-up studies on CSE patients are not appropriate for this goal. Another might be that all
CSE have long term exposure to organic solvents. Thus, the cumulating amount only varies
across patients from high to very high exposure. A meta-analysis on epidemiological studies
of occupational solvent exposed groups also reported inconsistent patterns of exposure–
effect relationships (Meyer-Baron et al., 2008).
It would be interesting for future research to obtain better insight in prognostic factors for the
course of CSE. This could be done by dividing the CSE patient group into subgroups of patients that have ceased exposure and patients with continued exposure. Of course, for ethical reasons this can only be done in a retrospective study. Other interesting possible prognostic factors for the course of CSE could be obtained by comparing subgroups of patients
with and without a genetic disposition for the development of CSE (Kezic et al., 2006) and
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patients with somatic or psychiatric comorbidity. A longer follow-up time is needed to assess
the effects of aging, in parallel with the results of Nordling Nilson et al. (2002, 2007) that indicate that exposed workers have increased effects of aging in comparison with nonexposed workers. Future studies should always take into account the effects of alcohol
(ab)use and medication. Only few studies in this review controlled for these factors.
It is important to emphasize that the studies in this review are in agreement about CSE being
a non-progressive disease in which no severe deterioration of functioning occurs after diagnosis. In a number of studies no significant changes, and in other studies improvement of
functioning could be measured. Presumably cessation of exposure might be one of the
causal factors for the non-progressive character of the disease as has been found. Future
studies are needed to clarify the role of various prognostic factors on the course of CSE.
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Abstract
Working in conditions with daily exposure to organic solvents for many years can result in a
disease known as chronic solvent-induced encephalopathy (CSE). CSE is characterized by
symptoms of fatigue, memory and concentration problems and decreased mood. Objective
neuropsychological impairment is a prerequisite for the diagnosis of CSE. Although there
have been some studies on the neuropsychological course of CSE after cessation of exposure, there is a need for prospective follow-up studies of CSE patients with well described
diagnostic criteria and multivariate analyses.
The aims for this study were to describe the neuropsychological course of CSE after first
diagnosis and to detect prognostic factors for neuropsychological impairment after diagnosis.
This prospective study follows a Dutch cohort of CSE patients who were first diagnosed between 2001 and 2011 and underwent a second neuropsychological assessment 1,5-2 years
later. There were 1987 patients who were referred for protocolled multidisciplinary diagnostic
evaluation for CSE, of which 240 were diagnosed with CSE. Loss to follow-up and exclusion
mostly due to suboptimal performance validity at follow-up resulted in a patient group of 137
CSE patients.
The neuropsychological assessment at diagnosis and at follow-up was computed into 9
compound scores reflecting the different cognitive domains affected in CSE. Additionally,
overall cognitive impairment score was calculated for both time points. Paired t-tests and
multivariate linear regression analyses were performed to respectively describe the neuropsychological course and to obtain prognostic factors for the neuropsychological functioning
at follow-up.
There was a significant improvement on neuropsychological subdomains at follow-up, with
effect sizes between small and medium (Cohens d .27 -.54) and a significant overall improvement of neuropsychological impairment with a medium effect size (Cohens d .56).
Prognostic variables for more neuropsychological impairment at follow-up were: a higher
level of neuropsychological impairment at diagnosis and having a comorbid diagnosis of a
psychiatric disorder at diagnosis.
Results are in line with previous research on the course of CSE, stating that CSE is a nonprogressive disease after cessation of exposure. However, during follow-up the percentage
patients with permanent work disability pension increased from 14 to 37 %. Preventive action is needed in countries where exposure to organic solvents is still high to prevent new
cases of CSE.
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Introduction
Organic solvents may cause harm to the nervous system (White and Proctor, 1997) by affecting a range of neuronal processes at different levels: changes in ion channel receptors,
cellular responses, tissue responses, changes in brain regions and ultimately in cognitive
processes and behaviour (Bushnell et al., 2010; van Thriel 2015; Sainio 2016). People are
working with organic solvents in industries such as shoe manufacturing, car repair, industrial
or house painting, spray painting, furniture manufacturing, printing and cleaning.
A small subsample of workers who are exposed to organic solvents for a long time –e.g.
daily exposure for five years or more- have been found to develop a syndrome called Chronic Solvent-induced Encephalopathy (CSE). International diagnostic criteria for this syndrome
have been described by the World Health Organization (1985), and subsequently refined by
a working group in Raleigh (Baker and Seppäläinen 1986), the European Union (European
Commission 2009) and a neuropsychological consensus group (van Valen et al., 2012).
CSE is recognized as an occupational disease by the International Labour Organization
(2010).
The syndrome of CSE is characterized by symptoms of forgetfulness, concentration problems, fatigue, irritability, mood changes and neuropsychological impairment on measures of
speed of information processing, speed of motor performance, and immediate memory (van
Valen et al., 2012). SPECT scans and fMRI of CSE patients showed decreased dopaminergic activity in the frontostriatal circuitries (Visser et al., 2008) and electroencephalography
showed decreased activity in Event Related Potentials in the posterior parts of the frontoparietal regions (Keski-Säntti et al., 2012). These neurological measures are only found at
group level and do not differentiate across individual cases, they cannot (yet) be used for
individual diagnostic evaluation. Therefore the diagnostic assessment of CSE relies on neuropsychological assessment for substantiating the neurotoxic effects of organic solvent exposure.
An effective treatment for neuropsychological impairment constituting CSE does not exist
(Åbjörnsson et al., 1998; van Hout et al.,2008). Preventive measures against further deterioration of the disease, such as complete cessation or drastic reduction of the exposure, are
often advised.
Studies on the neuropsychological disease course of CSE after first diagnosis indicate that
neuropsychological functioning of most patients has stabilized or improved at follow-up
(Åbjörnsson et al., 1998; Bruhn et al., 1981; Dryson and Ogden 2000; Edling et al., 1990;
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Lindström et al., 1982; Morrow et al., 1991; Ørbaek and Lindgren 1988). Prognostic factors
for the neuropsychological course have been investigated. For patients with more severe
neuropsychological deficits at diagnosis there was more improvement at follow-up (Dryson
and Ogden 2000). Mixed results were found regarding higher age (Lindström et al., 1982;
Ørbaek and Lindgren (1988) and a history of peak exposure as negative prognostic factors
(Morrow et al., 1992; Ørbaek and Lindgren (1988).
These follow-up studies have some limitations. They do not elaborately describe the diagnostic criteria hampering the comparability of the CSE patient groups across studies. The
studies employ small sample sizes, ranging from 21 to 86 CSE (type 2 of WHO criteria) patients. Only three studies used multivariate analyses for assessing possible prognostic factors for the neuropsychological course of CSE (Lindstrom et al 1982., Morrow et al. 1991,
Orbaek et al., 1988). None of the studies checked for possible problems with performance
validity (also called insufficient effort / malingering / non-credible performance) or involvement in litigation. Standardized psychiatric evaluations for comorbid psychopathology were
not used. The mean follow-up time varied across studies, ranging from 1.3 years to 7 years
(van Valen et al., 2009).
The main objectives of this study are to examine the course of the disease and the prognostic factors of neuropsychological functioning of CSE patients, taking these shortcomings into
account. The following questions are addressed: (1) What is the course of neuropsychological and psychiatric functioning, and psychological symptoms of CSE patients over time? (2)
Which prognostic variables predict the neuropsychological functioning of CSE patients at
follow-up? Results of this study can be used to inform patients and other stakeholders about
the course of CSE and the prognostic factor(s) that may be subject of intervention in individual patients.

Methods
Study design and setting
This prospective study follows a cohort of CSE patients from the Dutch hospitals Academic
Medical Center Amsterdam and Medical Spectrum Twente Enschede who are first diagnosed between 2001 and 2011 and have a second neuropsychological assessment 1,5-2
years later. The follow-up assessment of the last patient in this study took place in April
2014.
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Clinical data are anonymized. As this study concerns care as usual, no extra interventions or
medical and psychological assessments are conducted and no special research approval
was needed. Therefore, a dispensation decision for this study was obtained from the Medical Ethics Committee of the Academic Medical Center Amsterdam. The patient care and
data handling are according to guidelines of the Dutch legislation, declaration of Helsinki and
the local guidelines of the Academic Medical Center and Medical Spectrum Twente.

Diagnostic procedure
In the Netherlands, there are two specialized centers for the assessment of cases of Chronic
Solvent induced Encephalopathy. These multidisciplinary centers are called Solvent Teams
and consist of an occupational physician, occupational hygienist, clinical neuropsychologist,
and neurologist. If necessary, a toxicologist, psychiatrist or other medical specialist is consulted. The diagnostic protocol of the Solvent Teams (van der Laan et al., 1995, van Valen
et al., 2015) uses a stepwise approach to assess the international consensus based criteria
for CSE (WHO 1985; Baker and Seppäläinen 1986; European Commission 2009; van Valen
et al., 2012). The diagnostic steps are represented in the flow chart of figure 1.

Participants
Patients are eligible for inclusion when they are referred to the Dutch Solvent Teams for a
first diagnostic evaluation for occupational chronic solvent exposure-related health complaints. Patients who complete the whole diagnostic process and are diagnosed having CSE,
are invited for a follow-up assessment. The CSE patients who are re-assessed and still meet
the criteria for CSE constitute the patient group of this study.
The included CSE patients are diagnosed according to the diagnostic criteria Type 2 of the
WHO (WHO 1985) and Type 2B of the Raleigh criteria (Baker and Seppäläinen 1986), which
means that five diagnostic criteria are met: (1). The symptoms fit within the clinical picture of
chronic organic solvent exposure. (2). There is exposure for at least 5 years to (mixtures of)
organic solvents that are capable of causing chronic neurotoxic effects. (3.) There is a clear
temporal relationship between the onset of symptoms and solvent exposure. (4.) Other major somatic or psychiatric causes for the symptoms of the patient are ruled out. (5.) Neuropsychological assessment shows impairments that fit within the cognitive profile of CSE. We
added a sixth criterion, because suboptimal performance on neuropsychological assessment
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is highly prevalent in this patient group (van Hout en al.,2003) and this decreases the diagnostic validity of the neuropsychological assessment:
(6.) Performance validity of the neuropsychological tests are above cut-off (44 on the third
booklet of Test of Memory Malingering, (Tombaugh 1996) and 80 on the Amsterdam Short
Term Memory test, (Schmand et al., 1999)), indicating no problems with mental effort,
suboptimal performance or malingering on the neuropsychological assessment.

Variables
The variables for this study are extracted from the clinical diagnostic procedure.

Outcome variables
Neuropsychological functioning
Neuropsychological functioning is the main outcome of this study. Neuropsychological functioning is composed of the neuropsychological domains memory, attention, motor function
and intellectual function. Within the neuropsychological domains, subdomains are configured
according to European neuropsychological consensus (van Valen et al., 2012) and included
tests are listed in table 1. Raw scores from the neuropsychological tests at diagnosis and
follow-up assessment are compared to normative data (see Table 1) and are converted to zscores.

Neuropsychological compound scores subdomains
For the description of the course of neuropsychological functioning, there is a need for datareduction. The 28 test variables will be reduced to 9 compound scores that cover four neuropsychological domains: memory (immediate recall, delayed recall and recognition), attention (simple attention and complex attention), motor function (motor speed and dexterity) and
intellectual functioning (verbal intelligence and visuoconstruction). In table 1 the tests are
listed. The compound scores are calculated by averaging the z-scores within the subdomains. For each subdomain there should be at least two test variables available to calculate
a compound score. If two or more test variables of the same test are present within a subdomain (e.g. Pegboard dominant hand and Pegboard non-dominant hand), they are counted
as one score by averaging the z-scores of the different variables of the specific test.
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Neuropsychological impairment score
A single measure for neuropsychological impairment at diagnosis and follow-up is obtained.
The z-scores of the 28 neuropsychological test variables are aggregated into a total neuropsychological impairment score by summing the number of test scores below -1,65z. In case
of missing data, a test score is considered as not impaired. The total neuropsychological
impairment score ranges between 0 (no neuropsychological impairment) to 28 (impairment
indicated by all test variables of neuropsychological assessment).

Table 1: Tests of Neuropsychological assessment Solvent Team

Domain

Sub domain
Test

Memory

Immediate recall
NES2 Digit span forward
NES2 Digit span backward NES2
Dutch California Verbal Learning Test, total list
Rivermead stories, immediate recall
Wechsler Memory scale- revised, immediate recall
Delayed recall
Dutch California Verbal Learning Test, consolidation
Rivermead stories, delayed recall
Wechsler Memory scale- revised, delayed recall
Recognition
Dutch California Verbal Learning Test, recognition
Recognition Memory Test, Faces

Attention

Motor function

Intellectual function

Adjustment norm data

Simple attention
NES2 Symbol-digit substitution
Trail Making Test, form A
Stroop test words
Stroop test colours
Complex attention
NES2 Colour-word vigilance
Trail Making Test, form B (relative to A)
Stroop test colour-word, interference
Motor speed
NES2 simple reaction time
NES2 Finger tapping dominant hand
NES2 Finger tapping non-dominant hand
Dexterity
NES2 hand-eye coordination
Grooved Pegboard, dominant hand
Grooved Pegboard, non-dominant hand
Verbal function
Verbal fluency animals
Verbal fluency occupations
WAIS-III Similarities
Visuoconstruction
WAIS-R/ WAIS-III Block design
Rey complex figure test copy
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Test / norm reference

age

gender

education

+
+
+
+
+

+
+
+
+
-

+
+
+
-

Baker et al., 1985
Baker et al., 1985
Mulder et al., 1996
Schmand et al., 2012
Wechsler, 1987

+
+
+

+
+
-

+
-

Mulder et al., 1996
Schmand et al., 2012
Wechsler, 1987

+
+

+
-

-

Mulder et al., 1996
Warrington, 1984

+
+
+
+

+
+
+

+
+
+
+

Baker et al., 1985
Schmand et al., 2012
Schmand et al., 2012
Schmand et al., 2012

+
+
+

+
+

+
+
+

Baker et al., 1985
Schmand et al., 2012
Schmand et al., 2012

+
+
+

+
+
+

+
+

Baker et al., 1985
Baker et al., 1985
Baker et al., 1985

+
+
+

+
-

+
-

Baker et al., 1985
Heaton et al., 1986
Heaton et al., 1986

+
+
+

+
+
+

+
+
-

Schmand et al., 2012
Schmand et al., 2012
Wechsler 2001, 2004

+
+

+
-

-

Wechsler 1981/ 2001, 2004
Visser 1970

Psychiatric functioning
Psychiatric functioning was measured with a semi-structured clinical interview assessing the
axis I disorders of the DSM-IV using the SCID-I (Groenensteijn et al., 1998; First et al.,
1996). For each psychiatric diagnostic category of the SCID-I, a dichotomized score is obtained: 0: no diagnosis and 1: criteria for psychiatric disorder are met. A dichotomized score
for overall axis I psychopathology is used with 0 indicating no psychopathology and 1, one or
more psychiatric axis I disorders according to DSM-IV criteria.
In case of a psychiatric diagnosis on the SCID-I in the domain of mood or anxiety disorders,
a clinician rated measure of the severity of the psychiatric impairment is obtained using the
Hamilton rating Scale for Depression (HRSD) (Hamilton 1960) or Hamilton Anxiety Rating
Scale (HARS) (Hamilton 1959). The HRSD consists of 21 items, of which 17 contribute to
the total score. Eight items have a scale ranging from 0 (absent) to 4 (severe), 9 items have
a scale ranging from 0 (absent) to 2 (obviously present). The total score ranges from 0-52
with 0-7 labelled as no depression, 8-13 as mild, 14-18 mild to moderate, 19-27 moderate to
severe and >28 severe. The HARS consists of 14 items which are scored on a scale ranging
from 0 (absent) to 4 (severe). The total score ranges from 0–56, with 0- 17 labelled as mild,
18-24 as mild to moderate, 25-30 moderate to severe and >30 severe anxiety problems.

Psychological symptoms
The severity of psychological symptoms is measured with the Symptom Check List (SCL90), which includes 90 items that are combined to form nine subscales and a total psychological symptoms score. A 1-5 response scale is employed with the total score ranging between 90 and 450. Normative data of different patient groups and the general population of
the Netherlands are available (Derogatis 1975; Ettema et al., 2003).

Predictors
Age
Age is measured in years at time of the first neuropsychological assessment (diagnosis) and
at time of the follow-up assessment.
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Education
For education the Dutch Verhage score is used, with seven categories: ranging from unfinished primary school to university degree (Verhage 1964).

Exposure
Cumulative exposure is estimated in retrospect with the formula described in the appendix.
The exposure estimation is based on the information obtained from the patient, in combination with the knowledge on solvent use in diverse sectors at different times in the Netherlands (Fransman et al., 2002). In the rare case of the availability of air monitoring measurements or biomonitoring data, these are also incorporated in the estimation of the cumulative
exposure. The range of the cumulative exposure estimation is between 0 for no exposure up
to more than 400 in extreme cases. In clinical reporting, a cumulative exposure index below
15 is labelled as “low”, between 15 and 49 “intermediate” and 50 and above is considered
“high” exposure.
The number of years of working while exposed is recorded. This is a variable not including
the weighing of the severity of the exposure. This measure is used for comparability purposes with other studies.
The number of months since the last exposure is listed. And a variable is computed whether
exposure has ceased, diminished or is still ongoing at time of diagnosis and follow-up.

Somatic comorbidity
The presence of somatic diseases is enquired during the interview, retrieved from medical
files or diagnosed by the neurologist and the occupational physician. A total score for somatic diseases with partly similar symptoms as CSE is obtained by summing the following
conditions: cardiac problems, hypertension or hypotension, diabetes, hypothyroidism, neurological disease (including sleep disorders and polyneuropathies), migraine, and respiratory
problems (including asthma and allergies). The total score is dichotomized into 0: no somatic
comorbidity and 1: at least one somatic comorbidity.
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Alcohol
Use of alcohol is measured in units of alcoholic drinks per week. The amount of alcoholic
consumptions is recalculated to “standard glasses” in which 1 unit represents a maximum of
12 ml or 10 grams of alcohol within the drink (for example 1 unit is a beer of 250 ml, 1.3 units
represents a bottle of beer, 1 unit of strong liquor is 35 ml, and 1 unit of wine is 100 ml).

Use of psychotropic medication
Use of psychotropic medication is dichotomized into 0, no psychotropic medication versus 1,
use of psychotropic medication (e.g. selective serotonin reuptake inhibitors, selective noradrenaline reuptake inhibitors, tricyclic antidepressants, benzodiazepines, antipsychotics,
anti-epileptic’s and opioid painkiller).

Work situation
Whether a patient still works in his or her occupation is recorded. We distinguish different
categories of work situation: currently working in the same job where most of the exposure
was obtained; currently working but in another job than where most of the exposure was
obtained; on sick leave for at least two weeks; not working but receiving disability pension,
retirement or unemployment. For the analysis the variable is dichotomized into: currently
working (1) and not-working (0).

Litigation
Involvement in litigation process is dichotomized as 0: no involvement and 1: involvement,
such as legal procedures against former employer or procedures against social security
agencies or private insurance companies.

Background variables
Occupation
Occupation is operationalised as the occupation related to exposure to solvents, with the
following classes of occupations: painters, spray-painters, printers, chemical workers or
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people working in the paint industry, floor layers, upholsterers and other occupations (e.g.,
shipyard workers and shoe factory workers).

Follow-up time
Follow-up time is measured in number of months between the first and the second neuropsychological assessment.

Statistical analysis
To describe possible selection bias, the study group is compared to the ‘lost to follow-up’
group and the ‘group with below cut-off performance validity on the follow-up assessment’ on
demographic characteristics, neuropsychological and psychiatric functioning at first diagnostic assessment, using oneway ANOVA and post hoc tests (LSD correction) or Kruskall Wallis
tests for non-parametric variables.
The course of neuropsychological and psychiatric functioning and psychological symptoms
over time is tested with paired t-tests or for non-parametric variables, with the χ-square test.
Cohen’s d’s are calculated for the effect size of the paired t-tests (an effect size is labelled
small if d: 0.2, medium if d: 0.5 and large if d: 0.8 or higher).
For the identification of possible prognostic factors a linear regression analysis is performed,
with the total neuropsychological impairment score at follow-up as the dependent variable.
Possible prognostic factors at diagnosis include neuropsychological impairment at first diagnostic assessment, psychiatric functioning, psychological symptoms, age, education, cumulative exposure index, a history of peak exposure, somatic comorbidity, units of alcohol per
week, use of psychotropic medication, working situation and involvement in litigation. All
prognostic factors are evaluated with univariate analyses. Only factors with p<.20 are selected for the multivariate linear regression. Subsequently, a check for multicollinearity is
performed using scores of variance inflation factors and in case of positive results the collinear factor is excluded.
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Results
Participants
From 2001-2011, 1,987 patients have been referred to the Solvent Teams for a first diagnostic evaluation for chronic solvent exposure related health complaints. Most patients were
referred by general practitioners (51%), followed by referrals by occupational physicians
(22%), neurologists (11%) and other medical specialists (16%). At the time of the first diagnostic step most patients were still working (47%) or on short term sick leave (22%). Others
received disability pension (21%), were unemployed (6%) or retired (4%).
The inclusion flow chart is presented in figure 1. 1,001 patients met the inclusion criteria 1-4
of the WHO. Of these, 627 patients showed sufficient performance validity on the TOMM
and ASTM and could proceed in the diagnostic procedure. The multidisciplinary team subsequently identified 240 patients with a CSE diagnosis or a combined differential diagnosis
with CSE.
After first diagnosis, 78 CSE patients were lost to follow-up. The most common reasons
were: the long traveling distance to one of the solvent teams, the effort and energy it would
take to undergo a neuropsychological assessment, the wish to end the sometimes difficult
diagnostic process and diagnosis, the wish to avoid the confrontation with one’s disabilities,
and the possible negative impact of a new diagnostic evaluation on the status of one’s disability pension or other kind of financial compensation.
The ‘lost to follow-up’ group (n=78) and the patients who were excluded at follow-up due to
insufficient performance validity (n=24) did not differ from the study group with respect to
age (F(2,236)=.79, p=.46), education (F(2,236)=2.53, p=.08) and work situation (Χ2(2,
N=235)=.37, p=.83). However, significant differences were found between groups with respect to involvement in a litigation procedure (Χ2(2, N=238)=7.74, p=.02) with percentages of
patients involved in a litigation procedure ranging from 15% in the study group to 29% in the
lost to follow-up group and 38% in the insufficient performance validity group. At time of first
diagnosis, no significant differences were found on number of impaired tests at neuropsychological assessment between the study group, the lost to follow-up group and the decreased performance validity at follow-up group (F(2,235)=.72, p=.49). The groups also did
not differ with regard to the severity of psychological symptoms (F(2,232)=.05, p=.95).
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Descriptive data
The characteristics of the study participants are listed in table 2. There are only 3 (2%)
women in the study group. At time of first diagnosis most of the participants are in their 40s
and 50s (80%) and most have a history of more than 15 years of daily solvent exposure
(83%). More than half of the patients have ceased or lowered exposure prior to the first diagnostic assessment. Most of the study participants are blue collar workers with lower occupational education (71%). At time of follow-up the majority of patients is not exposed to solvents anymore (75%). Also, at time of follow-up many patients have a different working situation. The percentage of patients needing some sort of social security (sick leave or longterm disability pension) had increased from 43% to 55%. Among these, the percentage patients with a permanent work disability pension increased noticeably from 14 to 37 %. The
somatic comorbidity at diagnosis and follow-up is listed in table 5.

Course of neuropsychological functioning
For each test variable a percentage of impaired tests results at group level is given reflecting
the percentage of tests scores below -1.65z, see table 3. The most impaired test results are
found in the subdomains immediate recall of memory, simple and complex attention and
motor speed. In the domain of intellectual functioning few patients had impaired test results;
1-17% impairments.
Paired sample t-tests of the mean z-scores showed significant improvement at follow-up on
6 of the 9 subdomains. The size of the improvement at group level ranges between 0.1 and
0.3 z-scores.
The mean neuropsychological impairment of patients at diagnosis (7.2, sd 3.3) and at followup (5.5, sd 3.3), decreased significantly (t(136)=6.5, p=0.000) with a medium effect size of
Cohen’s d 0.56.
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Figure 1: flow chart referrals Solvent Teams 2001-2011 to patient group selection follow up
First diagnostic evaluation
Chronic solvent exposure
2001-2011
n= 1987

Symptoms that fit within the clinical picture of chronic organic solvent
exposure

Step 1

Sufficient exposure to (mixtures of) organic solvents that are capable of
causing chronic neurotoxic effects
A clear temporal relationship between the onset of symptoms and
solvent exposure
Exclusion of other obvious causes for the symptoms of the patient
At least one abnormal test result on the Neurobehavioral Evaluation
System (Baker et al., 1985)
Excluded n=986

n=1001

Step 2

Neuropsychological evaluation
Psychiatric screening

One or more scores below cut-off performance validity tests

Neurological screening

Excluded n= 374

n=627

Step 3

Multidisciplinary diagnosis solvent team

Multidisciplinary diagnosis solvent team

CSE:

n=123

No diagnosis

n=168

CSE + psychiatric diagnosis:

n= 48

Other psychiatric diagnosis:

n= 57

CSE + somatic diagnosis:

n= 39

Other somatic diagnosis:

n= 76

Postponed diagnosis (CSE):

n= 30

Postponed diagnosis (no CSE): n= 86

Total CSE diagnosis

n=240

Excluded

n= 387

Follow-up assessment
n=162

Lost to follow-up n=78

Neuropsychological evaluation
Psychiatric screening

One or more scores below cut-off performance validity tests

Step 4

Neurological screening

Excluded n= 24

n=138

Second multidisciplinary diagnosis solvent team
CSE:

n=73

CSE + psychiatric diagnosis:

n= 18

CSE + somatic diagnosis:

n= 34

Second multidisciplinary diagnosis solvent
team

Other somatic diagnosis:

CSE + psychiatric + somatic diagnosis: n= 12
Total CSE diagnosis at follow-up

Excluded at follow-up n= 1

n=137
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n= 1

Table 2: Demographic data (n=137)
At Diagnosis
frequency
percent
134
98
3
2

At Follow-up
frequency
percent
-

Gender

male
female

Age

< 30 years
31-40 years
41-50 years
51-60 years
61-70 years

3
20
53
58
3

2
15
38
42
2

3
12
51
63
8

2
9
37
46
6

Education

Primary education
Lower occupational (no diploma)
Lower occupational (diploma)
Mid-level
College and above

7
17
73
37
3

5
13
53
27
2

-

-

Exposure level

Low
Intermediate
High

9
33
95

6
25
69

-

-

Exposure years

0-5 years
6-15 years
16-20 years
>20 years

0
23
27
87

0
17
19
64

-

-

Current exposure

Ongoing exposure
Exposure decreased
Cessation of exposure

35
30
72

25
22
53

10
25
103

7
18
75

Occupation

Painters
Spray-painters
Printers
Chemical / paint industry
Floor layers
Upholsterers
Other

47
39
19
5
3
8
16

35
28
14
4
2
6
11

-

-

Work situation

Working , same job
Working , other job
Sick-leave
Disability pension
Retired
Unemployed / welfare

65
12
35
20
1
4

48
9
25
14
1
3

28
34
14
50
4
7

20
25
10
37
3
5

Litigation

Yes
No

20
117

15
85

-

-

Alcohol use

No alcohol
1-7 per week
8-14 per week
15-28 per week
>28 per week

48
51
18
14
6

35
38
13
10
4

46
63
15
9
4

33
46
11
7
3

Solvent team diagnosis

CSE
CSE and psychiatric diagnosis
CSE and somatic diagnosis
CSE and psychiatric and somatic diagnosis

65
32
24
18

47
22
18
13

73
18
34
12

53
13
25
9

Time between first diagnosis
and follow-up assessment

Mean number of months (sd ; median)
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21
(14; 21)
(Min 6
Max 88)
- means no change from diagnosis to follow-up

Course of psychiatric functioning and psychological symptoms
In table 4 psychiatric diagnoses and corresponding mean Hamilton mood and anxiety severity ratings are given. The semi-structured psychiatric interview was found to be indicative of a
DSM-IV psychiatric axis I disorder in 49 of the 137 included patients at time of diagnosis. At
follow-up, the number of patients with psychiatric axis I diagnoses decreased to 30 (Χ2(1,
N=137)=19.6, p=.000).
The total score of the psychological symptoms of the study group have significantly decreased at follow-up; from a mean total score at diagnosis of 185 (sd=57) to a mean total
score of 173 (sd=51); t(134)=3.6, p=.000 with a small effect size of Cohen’s d 0.31. The
mean level of psychological symptoms would be labelled by the normative data of the SCL90 as very high at first diagnosis and high at follow-up in comparison with a norm group of
age and gender matched general population (Ettema and Arrindel 2003).

Prognostic variables at diagnosis for neuropsychological impairment at follow-up
Univariate linear regression analyses identified six possible prognostic factors measured at
time of diagnosis for inclusion in the multivariate regression model for the neuropsychological impairment at follow-up: neuropsychological impairment, psychiatric functioning, psychological symptoms, education, weekly alcohol intake and the use of psychotropic medication,
see table 6. There was no indication of multicollinearity. A statistically significant multivariate
linear regression model was obtained (F(6,130)=14.89, p<.000) with a R2 of .407. Severity
of neuropsychological impairment and psychiatric functioning (a comorbid axis I psychiatric
disorder) at diagnosis remained significant predictive factors for a relatively high level of neuropsychological impairment at follow-up.
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Intellectual
function

Motor
function

Attention

Memory

Domain

26 (11)
29 (13)
9 (7)

Visuoconstruction
WAIS-R Block design
WAIS-III Block design
Rey complex figure test copy, faults

*Paired sample T-tests sign at p< 0.01

19 (5)
14 (4)
20 (6)

1.7 (0.8)
83 (24)
86 (23)

Dexterity
NES2 hand-eye coordination
Grooved Pegboard, dominant hand, sec
Grooved Pegboard, non-dominant hand, sec

Verbal function
Verbal fluency animals
Verbal fluency occupations
WAIS-III Similarities

412 (126)
142 (45)
137 (43)

Motor speed
NES2 simple reaction time, msec
NES2 Finger tapping dominant hand
NES2 Finger tapping non-dominant hand

828 (135)
118 (45)
132 (36)

38 (3.6)
39 (4.8)

Recognition
Dutch California Verbal Learning Test, recognition
Recognition Memory Test, Faces

Complex attention
NES2 Colour-word vigilance, msec
Trail Making Test, form B (relative to A), sec
Stroop test colour-word (interference), sec

33 (10.2)
11 (4.8)
26 (8.5)

Delayed recall
Dutch California Verbal Learning Test, consolidation
Rivermead stories, delayed recall
Wechsler Memory scale- revised, delayed recall

3.2 (0.9)
46 (16)
60 (14)
77 (16)

5.5 (0.7)
4.8 (0.8)
40 (8.0)
15 (5.2)
31 (5.6)

Test
Immediate recall
NES2 Digit span forward
NES2 Digit span backward NES2
Dutch California Verbal Learning Test, total list
Rivermead stories, immediate recall
Wechsler Memory scale- revised, immediate recall

Simple attention
NES2 Symbol-digit substitution
Trail Making Test, form A, sec
Stroop test words, sec
Stroop test colours, sec

Mean (sd)

Sub-domain

Table 3: neuropsychological functioning

-0.4 (0.7)
0.1 (1.0)
-0.3 (0.9)
-0.7 (1.0)

-0.8 (0.7)
-0.8 (0.9)
-0.7 (0.9)
-0.8 (0.9)

-0.5 (1.3)
0.6 (1.1)
-2.0 (2.7)
-1.3 (2.0)

-1.5 (0.7)
-2.1 (0.5)
-0.9 (1.2)
-0.8 (1.3)

-0.9 (0.5)
-1.9 (0.8)
-0.7 (1.0)
-0.3 (0.7)

-1.3 (0.8)
-1.1 (1.2)
-1.0 (1.1)
-2.0 (1.0)
-1.7 (0.9)

-0.6 (0.8)
0.1 (1.0)
-1.3 (1.3)

-0.6 (0.7)
-0.6 (1.2)
-0.8 (0.9)
-0.3 (1.1)

-0.8 (0.5)
-0.9 (0.8)
-0.9 (0.7)
-1.3 (0.9)
-1.0 (1.0)
0.0 (1.0)
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134
82
54
134

136
137
137
136

136
137
136
136

137
137
137
137

137
137
133
137

137
137
137
137
137

137
137
137

137
137
136
136

137
137
137
137
137
136

n

At Diagnosis
Zscore
(sd)

2%
3%
15%

15%
12%
12%

3%
43%
27%

83%
29%
28%

64%
16%
3%

35%
28%
66%
52%

5%
40%

18%
16%
6%

12%
10%
29%
30%
2%

% impaired

-0.4 (0.8)
0.4 (1.0)
-0.5 (1.0)
-0.6 (1.0)

-0.6 (0.6)
-0.7 (1.1)
-0.5 (1.0)
-0.6 (0.9)

-0.3 (1.3)
0.7 (1.1)
-1.4 (1.7)
-1.2 (2.1)

-1.2 (0.8)
-1.9 (0.8)
-0.5 (1.1)
-0.4 (1.3)

-0.7 (0.6)
-1.4 (1.0)
-0.6 (1.2)
-0.0 (0.7)

-1.1 (0.9)
-0.8 (1.2)
-0.7 (1.1)
-1.9 (1.1)
-1.5 (1.2)

-0.6 (0.9)
-0.1 (1.2)
-1.0 (1.5)

-0.3 (0.6)
-0.3 (1.2)
-0.7 (0.9)
0.1 (1.0)

-0.6 (0.6)
-0.6 (0.8)
-0.6 (0.7)
-1.1 (1.0)
-1.0 (0.9)
0.4 (1.1)

n

109
48
64
131

120
132
132
121

117
130
124
124

131
132
131
131

137
132
136
135

137
131
137
136
136

137
137
137

136
137
134
135

135
126
126
137
136
135

At Follow-up
Zscore
(sd)

1%
6%
10%

17%
11%
7%

2%
31%
20%

66%
14%
15%

42%
18%
2%

23%
18%
60%
49%

12%
31%

11%
13%
3%

6%
4%
26%
25%
2%

% impaired

0.1 (1.2)

0.00

0.27

0.15

0.39

0.44

0.54

0.04

0.37

0.38

Cohen’s d

107
48
40
129

120*
132
132
121

116
130
123
123

131*
132
131
131

137*
132
133
135

137*
131
137
136
136

137
137
137

136*
137
133
134

135*
126
126
137
136
134

n

% impaired is the percentage of patients scoring on a specific test variable below -1,65 z

28 (11)
27 (13)
8 (6)

19 (6)
14 (4)
21 (5)

1.5 (0.4)
81 (18)
88 (37)

389 (128)
154 (40)
153 (55)

779 (150)
115 (64)
125 (43)

3.0 (0.8)
42 (15)
60 (16)
75 (20)

39 (3.6)
40 (5.4)

37 (11.9)
12 (4.8)
28 (7.5)

5.7 (0.8)
5.1 (0.8)
41 (9.7)
15 (4.8)
33 (5.8)

Mean (sd)

Table 4: psychiatric functioning
At Diagnosis

At Follow-up

n
Psychiatric axis I disorders

n

49

Mood disorders+
Major depression
Dysthymia
Depression NOS
Bipolar depression
Psychosis

39
28
6
5
0
0

Anxiety disorders++
Agoraphobia
Panic disorder
Panic disorder with agoraphobia
Social phobia
Specific phobia
Generalised anxiety disorder
Post-traumatic stress disorder
Hypochondria
Obsessive compulsive disorder

24
3
4
2
8
1
8
0
0
1

Substance abuse
Alcohol abuse lifetime
Alcohol addiction lifetime
Drug abuse lifetime
Drug addiction lifetime
Drug abuse current
Current abstinent from alcohol
Current alcohol use

13
11
2
3
0
0
3
10

Other psychiatric disorders
Somatic disorder
Somatoform disorder
Pain disorder
Eating disorder

0
0
1
0

(36%)

30

Mean Hamilton Depression
(sd)
18,2 (6,1)

Mean Hamilton Anxiety (sd)
17,2 (6,6)

12,3 per week (16,7)

19*
15
3
1
0
0
19*
0
7
2
5
1
6
0
0
0
13
11
2
3
0
0
2
11

0
0
0
0

* Chi-square tests of number of mood and anxiety disorders at follow-up p<0.05

Table 5: somatic comorbidity

At Diagnosis

At Follow-up

n

n

Total somatic diseases

42 (30%)

46 (34%)

Cardiac problems

8

10

Hypertension

16

16

Hypotension

4

2

Diabetes type 2

11

12

Hypothyroidism

3

3

Neurological diseases

7

7

Migraine

6

7

Respiratory problems

12

14
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(22%)
Mean Hamilton Depression
(sd)
20,0 (3,3)

Mean Hamilton Anxiety (sd)
18,7 (7,2)

8,1 per week (10,0)

Table 6: prognostic factors for level of neuropsychological impairment at follow-up
Univariate
Variables measured at diagnosis

Multivariate

B

Sig.

B

Sig.

Neuropsychological impairment

.593

.000

3.933

.011

.558

Psychiatric functioning

1.301

.000

.025

1.083

.041

Psychological symptoms
Age

.011

.022

-.004

.390

.015

.662

Education

-.968

.003

-.476

.080

Cumulative exposure

.003

.464

History of peak exposure

.109

.898

Somatic comorbidity

-.668

.270

Weekly alcohol intake

-.061

.047

-.032

.185

Use of psychotropic medication

.968

.120

.280

.586

Work situation

-.663

.239

Involvement in litigation

.184

.813

(constant)

Discussion
Summary
The current study aims to contribute to the understanding of the (neuro)psychological course
and predictors of CSE by studying a cohort of CSE patients over an average of 21 months
after their first diagnosis, in the Netherlands. The neuropsychological impairment in CSE
patients was found to decrease over time, although the magnitude of the reduction was medium to small. The psychological symptoms have improved over time and fewer patients
meet the DSM-IV criteria for psychopathology (a decrease from 36% to 22%). At time of follow-up however, neuropsychological impairment and psychological problems still exist. The
percentage patients with a work disability pension increased noticeably during follow-up.
Neuropsychological impairment at diagnosis was found to predict the level of neuropsychological impairment at follow-up. Moreover, a psychiatric DSM-IV diagnosis at time of CSE
diagnosis was also found to predict neuropsychological impairment at follow-up.
These results are in line with previous research on the course of CSE, stating that CSE is a
non-progressive disease with no severe deterioration after cessation of exposure (van Valen
et al., 2009).
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MCI and CSE
Leaving the exposure to solvents as a causal explanation for the neuropsychological impairment of CSE-patients out of consideration, one could state that the CSE-patients identified at first diagnosis are in fact patients with non-amnestic mild cognitive impairment (MCI)
(Petersen 2016; Gerstenecker and Mast 2014). Mild cognitive impairment is found in the
aging population. Patients show no signs (yet) of interference in activities of daily life, but do
have mild cognitive impairment at neuropsychological assessment. These MCI-patients
mimic the neuropsychological profile of CSE-patients evaluated at one measurement in time.
However, the disease course of MCI differs from CSE. Although two meta-analyses found
evidence for a reversion of neuropsychological deficits in 18%-24% of MCI-patients (Canevelli et al., 2016; Malek-Ahmadi 2016), most studies found an increase of neuropsychological impairment and a progression from MCI to dementia with prevalences depending on the
subtype of MCI (Amieva et al., 2004; Petersen 2016; Aerts et al., 2017). Patients with MCI
who are assessed with a number of the same neuropsychological tests and compared to the
same normative data as the CSE patients in this study, show comparable sizes of neuropsychological impairment at first diagnosis (Schmand et al., 2014), although it must be noted
that this MCI study group is older than our CSE-patient group. After two years, the MCIgroup shows a mean deterioration of 0.6 sd, which differs from our finding of an overall improvement in neuropsychological functioning of CSE patients. Also, within two years 23% of
their entire study group and 41% of the patients diagnosed with MCI at first diagnostic evaluation progresses into dementia, compared with none of the CSE-patients in our study group
progressed into dementia within the short follow-up period. In conclusion: the neuropsychological course of CSE differs from the course of MCI and indicates other underlying aetiology.

Comorbid psychopathology
This is the first follow-up study of CSE-patients that included a classification of psychiatric
disorders according to DSM-IV criteria. When looking at the similar level of psychological
symptoms in the previous follow-up studies, it seems likely that these studies must have
included CSE-patients who met the criteria of a psychiatric disorder. Comorbid psychopathology in our CSE-patients is quite frequent (36% at diagnosis, 22% at follow-up) and
psychopathology at diagnosis is a negative prognostic factor for the course of CSE. As there
are several evidence-based treatment options for common mental disorders such as anxiety
and mood disorders, motivating newly diagnosed CSE patients for psychiatric treatment
should be of priority. There is no evidence-based treatment for CSE, but many patients could
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benefit from treatment of their comorbid psychiatric disorder and improve their quality of life
as well as possibly also their neuropsychological prognosis. However, some caution must be
taken into account: evidence-based guidelines for common mental disorders are constructed
for patients with psychopathology only. In other patient groups with a combination of a somatic disease and a psychiatric disorder psychopharmaceutic treatment or psychotherapies
have been shown to be not as effective as for patients without somatic comorbidity (e.g.
Kootker et al., 2017; Tedeschini et al., 2011). As half of the patients in this study group need
some kind of social security and probably have loss of income (Eshuis, 2010), it can be inferred that a part of these patients has decreased social contacts and daily activities, taking
into account that the large majority is between 40 and 60 years old. The decrease in purposeful, social and pleasurable activities is a risk factor for psychopathology and could be
target of rehabilitation interventions or contextual psychological interventions such as behavioural activation (Richards et al., 2016). As there is only a little evidence base for the treatment options of this CSE-patient group, the intervention choices for the consequences of
CSE in daily life will be an educated guess, using scientific data from other patient groups.

Patient studies versus epidemiological studies
The long-term effects of chronic solvent exposure in workers after cessation of exposure
have also been described in epidemiological cohort studies and follow-up studies of exposed
workers and unexposed controls. These point in the direction of a high lifetime exposure to
organic solvents causing more psychological problems and an exacerbation of age-related
cognitive impairment (Dick et al., 2010; Nordling Nilson et al., 2002; 2003; 2007; 2010; Sabbath et al., 2014). The results are in agreement with the hypothesis that exposure to organic
solvents in working life decreases the cognitive reserve capacity (Stern 2002) and thereby
causes an acceleration of the normal aging process, even many years after exposure has
ceased. In our study we did not find such aging processes progressing over time. To the
contrary, instead of deterioration we found an improvement of neuropsychological functioning over two years. We do not know whether the cognitive aging effects as found in other
epidemiological studies would be found in our CSE patients when the follow-up time would
be longer, at least ten years. However, a matched control group is needed for this kind of
study to distinguish between effects of ‘pure’ aging and late effects of solvent exposure.

Litimations
Some limitations of this study merit attention. A major limitation is the lack of a control group.
This has been partly covered by the use of adequate normative data, but these norm groups
differ across neuropsychological tests. An advantage of the different normative data is the
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spread of control data across norm populations. Another limitation is the retrospective
measurement of cumulative exposure, rendering the exposure estimation less reliable, which
might explain the lack of significant results related to exposure data. The number of statistical analyses in relation to the number of people in the study group is fairly high. Some significant findings might be due to chance, although effect sizes point into the direction of small
to medium effects. Whereas more study patients would have been desirable, CSE is a rare
disease and we chose to apply stringent diagnostic criteria, further reducing the number of
patients within the study group. A limitation of the design of the study is that the diagnosis of
CSE at follow-up were not blind. Only one patient was excluded at follow-up because of evidence for a neurodegenerative disease (Parkinson). Blinding of the previous diagnosis of the
patients, or diagnosis by another team, could have changed the diagnosis, although for every patient the diagnostic criteria were applied in a protocolled manner. In practice, it was not
possible to set up another diagnostic team for the blinding of the diagnosis at follow-up.

Strengths
This study also has several strengths. In the Netherlands, there is a unique curative infrastructure for the multidisciplinary diagnosis of CSE. The two Solvent teams are established
and rather well-known centers of expertise and patients are referred from all over the country
for diagnosis. The diagnosis is made on medical grounds and the solvent teams do not have
a role in financial compensation procedures. The diagnostic assessment is covered by the
mandatory health insurance for the Dutch population. This means that the solvent teams
have a national coverage of the total number of CSE patients. Furthermore, the protocolled
diagnostic procedure is well described and is the same for all included patients. Patients are
only selected at time of first diagnosis and are prospectively followed-up after diagnosis. The
patient selection is well described and only showed differences between lost to follow-up and
patient group with respect to involvement in litigation. The study group was less involved in
litigation, which decreases the influence of secondary gains on the description of the course
of CSE. With respect to the neuropsychological assessment, patients with concerns regarding performance validity are excluded and psychopathology is classified according to DSMIV criteria. Also, this is the first follow-up study in which all previously found predictors are
measured and analysed within one patient group.

Future studies
Future studies would benefit from longer follow-up times, enabling the investigation of
whether CSE patients remain relatively stable, although a longer follow-up period in a clinical
patient group has the risk of increased loss to follow-up and the risk of a biased study group
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selection. A longer follow-up period on the other hand could give more insight if there is a
part of the patient group who do progress into dementia or have an exacerbation of agerelated cognitive impairment.

Concluding remarks
Future studies of newly diagnosed patients however will not likely take place in the Netherlands; the number of new CSE cases is declining, due to improved working conditions and
outsourcing labour in jobs with high solvent exposure to low and middle-income countries in
Eastern Europe, Russia, Asia and Africa where regulation and hygienic conditions are less
stringent. So the problem of adverse health effects of chronic solvent exposure is also outsourced to other countries. It is important that knowledge on the harmful effects of solvent
exposure is available in the countries where most of the exposure is nowadays. Preventive
measures such as the use of water based paints and glues and personal protection
measures should be of priority in order to prevent the incidence of CSE globally. The good
news is that with substitution and by organizing safe working conditions, CSE is a disease
that can be prevented, so action is needed. In countries with diminishing incidences of CSE,
vigilance is needed to keep working conditions safe and to prevent new cases of CSE.
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Appendix 1: cumulative exposure index
The cumulative exposure index is calculated by an occupational hygienist and consists of
the following formula: a*b*c*d*e*f.
In this formula,
a stands for adjusted years of exposure (years working on the job adjusted for the weekly
hours of exposure. For example, for a job of 40 hours per week with fulltime exposure, the
years working in the job were multiplied with 0.4.
b stands for the neurotoxicity of the used products (1= low, 3= moderate, 5= high),
c stands for application method of the solvents in relation to time of application (1= small
surface, for example using a brush, 2= average surface, for example using a roller, 4= large
surface, for example spray painting and/or working in high temperatures),
d stands for frequency of peak exposure 1= no peak exposure, 1.5= some peak exposure,
2= frequent peak exposures),
e stands for ventilation (1= working indoors without ventilation, 0.8= working indoors with
natural ventilation, for example with an open window, 0.6= working indoors with source extraction, 0.4= mostly working outdoors) and
f stands for the use of personal protective equipment (1= no personal protective equipment
or inadequate personal protective equipment, 0.75= use of personal protective equipment).
When patients had different occupations or changing working environments, the formula was
calculated for each job and the scores were summarized into one cumulative exposure index.
The total score describing the severity of exposure employs three categories: 0-15 low, 1550 intermediate, >50 high lifetime cumulative exposure.
A history of peak exposure is element d of the cumulative exposure index.
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Chapter 10

General Discussion
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General Discussion
The story continues. Joe, the patient described in the introduction of chapter 1, was referred
for diagnostic evaluation to one of the two Dutch Solvent Teams. The first step in the diagnostic process was a medical and occupational history taken by the occupational physician.
At the same hospital visit, the occupational hygienist estimated the cumulative exposure during almost 35 working years as sailmaker and spray painter as relatively high, with the highest exposure to organic solvents in the beginning of Joe’s career and moderate during the last
ten years. A relation was found between the onset of Joe’s health complaints and the exposure; symptoms developed gradually and during the latency period, after exposure has ceased,
no new symptoms emerged. No major somatic or psychiatric comorbidity was found in the
first diagnostic step. At the same initial day blood tests were performed, to rule out undiagnosed somatic conditions such as diabetes, hypothyroidism or liver dysfunction.
In the second step of the diagnostic evaluation, Joe underwent a neuropsychological assessment and a psychiatric screening by a neuropsychologist, and a physical and neurological
evaluation by a neurologist. The neuropsychological assessment revealed a performance validity above the cut-off, indicating no problems with the validity of the test results. Cognitive
impairments were found in the subdomains reaction time, speed of information processing,
and immediate recall of verbal memory. Results on tests of complex attention were below average. However, Joe performed at the expected level on tests of verbal IQ, construction and
reasoning. The psychiatric interview did not identify psychopathology. The physical and neurological evaluation led to a suspicion of obstructive sleep apnea.
In the third step, results were combined and discussed in the multidisciplinary Solvent Team
meeting. The team concluded that there was relevant cumulative exposure to organic solvents, the symptoms match the potential neurotoxic effects of solvents, the symptoms show a
temporal relation with exposure, and the neuropsychological assessment identified neuropsychological impairment that fits the cognitive profile of CSE. However, the potential obstructive sleep apnea could also cause Joe’s symptoms and neuropsychological impairment. The
diagnosis was postponed and Joe was referred to a sleep clinic for a polysomnography. Also,
the Solvent Team advised him to reduce the exposure to organic solvents as much as possible.
A follow-up evaluation was scheduled 1.5 years later.
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At the time of the follow-up assessment the solvent team met Joe again. Polysomnography
had not identified a sleep disorder. Joe is still working fulltime, but changes were made in the
production process leading him to sit behind an industrial sewing machine to produce the
sails for the trucks. The exposure to organic solvents has almost ceased. He does not work
anymore in the same area where the spray painting is performed. Occasionally he is asked to
help to lift materials from the spray paint booth after the paint has dried, which may lead to a
low level of exposure to remaining organic solvents in the booth.
Joe’s health complaints have improved during the previous 1.5 years. He feels more physically
fit and he feels more patient towards his family and friends. He is able to concentrate better
on tasks and the number of mistakes at work have reduced. Nonetheless, he finds his forgetfulness to still cause problems and he feels he has to make an effort for activities that used to
go automatically in the past. On the bright side, Joe is able to cope well with his symptoms.
He is also able to use the advice of the Solvent Team given at the first assessment, especially
making a written plan of his daily work tasks at the start of each working day, and avoiding
performing two tasks at the same time. If his work demands concentration, he turns off the
radio.
From the diagnostic assessment, the Solvent Team concluded that there are still neuropsychological impairments in the subdomains of reaction times, speed of information processing,
and immediate verbal memory. These impairments should not conceal the fact that the overall
neuropsychological profile is characterized by a mild improvement. The course of the symptoms, neuropsychological impairment and neurological signs fit within the profile of drastically decreased exposure to organic solvents. The differential diagnosis did not reveal other
diseases that could explain the symptoms. The probability of CSE as a cause for Joe’s health
problems has increased, and a diagnosis of CSE is made.
Joe and his wife are invited for a final meeting with the occupational physician and neuropsychologist to discuss the findings, to educate them on the expected course of the CSE, and to
further advise them how to cope with the problems he encounters at work and at home. With
consent from Joe, the general practitioner who referred Joe, has been informed after each diagnostic step.
* The case of Joe has been adapted and translated from: van Valen E. in: ‘Beroepsziekten in Cijfers 2014’, Hoofdstuk 8, neurologische aandoeningen, Nederlands Centrum voor Beroepsziekten Amsterdam, [Occupational Diseases in Figures 2014,
Netherland Center for Occupational Diseases, chapter 8 neurological disorders] ISBN 978 94 910 4310 9.
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Aims of the thesis
The aims of this thesis are to report on the incidence of CSE from 1997 until 2017 in the
Netherlands, to evaluate a screening programme for Dutch painters, to improve the neuropsychological part of the diagnostic process by establishing standardized, valid and detailed
diagnostic guidelines contributing to international harmonisation of diagnostics, and to study
the course of the disease and prognostic factors of neuropsychological functioning of CSE
patients.

Main conclusions
CSE in the Netherlands
CSE in the Netherlands is a rare occupational disease with gradually decreasing annual incidence figures (chapter 2 and 3). This downward trend is partly caused by diagnosing the
majority of cases during the first years, identifying almost no new cases is likely the result of
safer working conditions. These working conditions have improved after several governmental interventions and changes in societal attitudes and technology, such as the legal ban on
using solvent-rich paint indoors, intensified control on adequate use of personal safety
measures, replacement of neurotoxic substances for less harmful substances as a result of
innovations, better exhaust equipment, and outsourcing of the most hazardous manufacturing industry to other countries.

Screening for CSE in the Netherlands
A screening programme in a population of 40,000 Dutch painters during 1997-2004 has led
to the identification of the limited number of 27 cases of CSE. The number of new CSE cases among painters has decreased over the years and no new cases have been identified in
the last two years, 2005 and 2006 of the screening programme. The causes are presumably
the detection in the first years of the screening program of workers with long lasting CSE and
safer working conditions (chapter 4).

Diagnostic evaluation of CSE patients
The evaluation of CSE diagnosis has been improved by developing decision rules, particularly with regard to the severity of the neuropsychological impairment and the weighing of the
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likelihood of solvents as a potential cause for the impairments (chapter 5). European guidelines have been developed, partly evidence-based and partly consensus-based, for the neuropsychological assessment of CSE (chapter 6). Recommendations are given on cognitive
domains, severity rating of cognitive impairment, differentiation between symptoms and impairment, the possibility of a combined diagnosis, the need for performance validity tests
(also chapter 7) and extra diagnostic information about the course of the neuropsychological
functioning. The European consensus improves and harmonises diagnostic criteria internationally for clinical practise and research purposes.

The course of CSE and prognostic factors
The scientific literature points towards a stabilisation of CSE after diagnosis, presumably
because exposure has reduced or ceased after diagnosis (chapter 8 and chapter 9). In a
systematic review, we identified potential prognostic factors for a favourable course, including younger age, less exposure and more initial neuropsychological impairment. The latter
factor might be a regression-to-the-mean effect (chapter 8). These factors were investigated
in a prospective study on the neuropsychological course of CSE, after controlling for insufficient performance validity (chapter 9). The severity of neuropsychological impairment and
comorbid psychopathology at diagnosis was found to predict the severity of the neuropsychological impairment at follow-up.

Taken together, the chapters in this thesis reflect the state of affairs of the rare occupational
disease CSE in the Netherlands, the improvements made in the diagnostic process and the
new insights in the course of CSE after diagnosis.

Limitations
Screening
In chapter 4 a screening programme is evaluated. The methodology of the study did not
allow for the analysis of its effectiveness. In general, actively screening for rare diseases
requires prior considerations and calculations with respect to pertinent questions, such as:
‘what numbers are needed to screen in order to identify one worker having CSE who was
not diagnosed as such before?’ Additional questions include: ‘What gain in health or quality
of life could be the result of a mass screening programme?’, ‘How to avoid or diminish ad-
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verse effects of false negatives?’, and ‘What to do with a positive screening result?’ (see for
Wilson and Jungner 1968). At the time the screening programme in Dutch painters was
launched, these questions could not be answered. The decision to develop a screening programme was made in light of the uncertainty about the scale of the problems among painters. Indeed, the screening programme has provided more insight into the kind and magnitude of the problems painters encountered. It has also contributed to the awareness that
working conditions should be improved, and brought the topic of solvent exposure high on
the agenda of policy makers and occupational health care providers. Also, the screening
programme using a paper and pencil questionnaire was relatively cheap, non-invasive and
thought to be harmless.
From chapter 4 it can be estimated that the numbers needed to screen for the identification
of 1 case of CSE are 750. No new positive screening results led to painters with a CSE diagnosis since 2005. Nevertheless, CSE among painters in the Netherlands still occurs: during the years 2014 to 2017, painters have been diagnosed with CSE by the Solvent Teams
after the screening programme had ended (Netherlands Center for Occupational Diseases
2017). They were mostly working at small companies where rules and regulations of working
conditions were not applied. Hence, surveillance of compliance with rules and regulations
remains important. In Finland, an active screening approach was applied in high risk sectors
and early cases of CSE have been found in the working population. An unfavourable impact
on health and quality of life of the workers was prevented as well as costs for society in
terms of of disability pensions (Furu et al., 2012, 2014).
In brief, prevention of new cases of CSE in the world is necessary. Besides screening for
CSE in high risk occupations, other tools for prevention could be implemented, for example
the development of European legislation banning the import of products which are produced
under high-risk working conditions. Likewise, the G7-countries already initiated the Vision
Zero Fund to contribute to improvement of working conditions and to prevent occupational
diseases and accidents by aiming at global supply chains (vision zero fund:
http://www.ilo.org/safework/projects/WCMS_517539).

Normative data
In chapter 5 the neuropsychological impairment score was constructed based on various
normative data samples. The search for a cognitive profile that differentiates CSE patients
from other chronically exposed patients with similar health complaints referred to the Solvent
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Teams could have benefitted from data of either a control group or a norm group in which all
participants performed the entire neuropsychological assessment used by the Solvent
Teams. This ‘fixed battery’ approach could enable multivariate analysis on the cognitive profile of a patient. The European consensus group (chapter 8) recommended to select two or
more tests variables within each subdomain for CSE, which only makes a flexible neuropsychological battery possible. As practical implication, the neuropsychological assessment
used by the Solvent Teams selects tests from different test publishers and uses norm group
data based on different validation studies. Nowadays there is a promising development in
the Netherlands and the Flemish speaking part of Belgium: a database is constructed of
norm groups obtained from the control group data of many neuropsychological studies. This
database called ‘ANDI’ (Advanced Neuropsychological Diagnostics Infrastructure) allows for
multivariate analysis of the tests included in ANDI (de Vent et al., 2016). ANDI is very promising not only for scientific purposes, but also for use in the clinical setting.

Reliable change indices
In the absence of control group data, it was impossible to calculate a reliable change index
to assess the clinical relevance of changes in the course of the neuropsychological functioning in chapter 9. Ideally a reliable change index is calculated to examine whether the observed change in neuropsychological functioning is based on a clinically relevant change in
cognitive ability or is observed due to measurement error and learning effects at reassessment. Multiple regression based reliable change indices (Temkin et al., 1999; McSweeny et
al., 1993) can control for measurement error, regression to the mean, and learning effects.
These indices need a well matched control group, which we unfortunately did not have. For
chapter 9 we have chosen a different approach and constructed an impairment score which
summed the impaired test results of the neuropsychological assessment, thereby characterizing the severity of the overall neuropsychological impairment. For the description of the
course of neuropsychological functioning the data were reduced and a compound score for
subdomains was constructed by taking the average of the z-scores on the test variables
within the subdomain.
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Strengths
Standardisation
The major strength of this thesis is that it is based on the standardisation of the clinical diagnostic process, based on one diagnostic protocol, thanks to the collaboration between the
two Dutch Solvent Teams. The diagnostic protocol closely mimics the international criteria
for the diagnostics of CSE.

Performance validity
The inclusion of tests for performance validity lend more credence to the neuropsychological
assessment of CSE. As emphasised in chapter 3, the neuropsychological assessment is an
essential part of the diagnostic process for CSE. When interpreting test results on neuropsychological assessment, it is assumed that the test results reflect the maximum score the
patient is able to reach. The patient is expected to perform to the best of his or her ability.
This demands optimal motivation: the willingness to cooperate and to invest mental effort in
performing on the neuropsychological assessment. Unfortunately, the neuropsychological
diagnostics of the Solvent Teams have been hampered by underperformance, insufficient
effort, non-credible performance or in other words, problems with performance validity (van
Hout et al., 2003). This problem is not unique for the diagnostics of CSE, but extends to other areas of clinical neuropsychology. The topic of performance validity and symptom validity
has been high on the neuropsychological research agenda in the last two decades (Lippa
2017, Heilbronner et al., 2009) and various tests have been developed and validated to
check for performance validity. When patients show scores below the cut-off point on performance validity tests, the neuropsychological assessment cannot be interpreted as a valid
representation of the cognitive abilities. One of the strengths of the study on the course of
CSE (chapter 9) is the prerequisite of above cut-off performance validity tests. As a result,
374 (37%) patients of the 1001 patients in the first diagnostic step needed to be excluded
and a further 24 (14%) of the 162 CSE patients at follow-up assessment were discarded. For
scientific purposes stringent inclusion criteria were applied. However, in clinical patient care
decreased performance validity is a major problem. The Solvent Teams are not able to diagnose patients with decreased performance validity and this results in a dilemma for the clinician. In the European consensus (chapter 6) it is recommended to offer patients a reassessment a year later: patients deserve another chance to be diagnosed on having CSE or
not and in that light this recommendation is understandable. However, reassessment might
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not be in the best interest of the patient, as he or she will remain uncertain of the possible
cause for the problems and life decisions may be kept on hold for a year. There is also a
chance that patients will feel misunderstood and not taken seriously by the clinicians. Patients may feel victimized and a process of somatization or exaggeration of the symptoms
can further develop and be maintained (chapter 7). The Solvent Teams do act according to
the European consensus recommendation and patients with decreased performance validity
are informed about the invalid test results (Carone et al., 2010) and are offered a reassessment. Future research should shed light on whether or not patients are able to change their
performance validity at reassessment. Identification of prognostic factors for valid performance at reassessment would be of high clinical relevance for CSE patients and clinicians of
the Solvent Teams.

Impact of the solvent teams on CSE in the Netherlands
The national Solvent Teams have influenced the increased awareness of the neurotoxic effects of occupational solvent exposure in several ways. By the formation of two national centers of expertise in the Netherlands the knowledge of the disease characteristics of CSE
increased substantially. The combination of protocolled multidisciplinary patient care with the
ongoing scientific evaluation of the care has led to more uniformity in the diagnostic process
and to more knowledge about the number of people affected by this disease after chronic
exposure to solvents. By making the worried workers and the CSE patients visible, the problem emerged on the agenda of politics and policy makers.
The annual incidences of CSE as diagnosed by the solvent teams are likely to be a fairly
good estimate of the incidence and prevalence of CSE patient population in the Netherlands,
because of the national coverage of the solvent teams. In addition, the governmental funding
for the diagnostic process makes the care provided by the Solvent Teams financially accessible for everybody with perceived exposure-related health complaints. The Solvent Teams
provide individual health care and have no role in decisions about access to disability pensions, financial compensation or legal procedures against the employer. An under- or overestimation of CSE in the Netherlands due to problems related to financial or legal motives is
not expected. However, it is likely that there are patients with undiagnosed CSE, who do not
link their health problems to occupational exposure, or whose general practitioner does not
refer them to a medical specialist for their health complaints, let alone to a Solvent Team.
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CSE in the Netherlands is a rather well-known rare disease, although it is perhaps more recognized in the general public under the name of ‘painters’ disease’ or ‘organic psychosyndrome’. The Solvent Teams have been very active in disseminating the knowledge on
CSE and referral procedures, by educating medical specialists, general practitioners, occupational physicians, psychologists, employers and labor organizations. Collaboration with the
active patient organization (Victims-organization ‘Stichting OPS’) for CSE patients in the
Netherlands has also increased the public knowledge of CSE. The Solvent Teams have contributed to a better understanding on a regular basis by presenting recent knowledge on
CSE, for example at the annual patient organizations’ meeting and in their newsletter.
The ultimate success of the Solvent Teams is to become redundant. They have been successful as there is no longer need for large Solvent Teams commensurate with the decreasing incidence of new cases diagnosed as CSE. However, the knowledge and clinical expertise should remain available for the complex diagnosis of neurotoxic effects of organic solvents and other substances. There are still workers in the Netherlands who worry about
health damage caused by previous exposure to neurotoxic substances and still there are
new cases of CSE.

Neurotoxic diseases: future challenges
Notwithstanding the decline of CSE, other adverse health effects caused by working conditions may rise in the future.
At present, some aircraft workers are concerned about the possible neurotoxic effects of
particles from motor oil containing ToCP. During fume events, in which motor oil leaks in the
motor and vaporizes, ToCP enters the cabin through the bleed air coming from the motor. It
is hypothesized that repeated exposure to ToCP may cause a still controversial symptom
cluster called ‘aerotoxic syndrome’ (de Boer et al., 2015; Hausherr et al., 2017). Other toxic
(but not neurotoxic) occupational exposures that recently have shown up in the Netherlands
are the carcinogenic effects of exposure to hexavalent chromium after removal of chromium
based coatings of trains, military tanks and air crafts and the use of PX-10 weapon oil by the
Dutch army.
New occupational and environmental risks involve the use of certain pesticides that may
contribute to the development of Parkinson’s disease (Brouwer et al., 2017). In the field of
research on neurodegenerative diseases the role of occupational and environmental neuro-
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toxic exposures becomes a focus of interest (see for example: Zolkipli-Cunningham and Falk
2017; Voorhees et al., 2017; Heusinkveld et al., 2016).
In conclusion: Working conditions evolve as a result of new occupations and innovations in
production processes, and new diagnostic facilities and discoveries come available. In addition when new and vulnerable groups of workers can be exposed to old risks, such as cancer survivors, workers with a chronic disease with medication or women in jobs where only
men were present in the past, there will emerge new and unexpected health risks for workers exposed. Monitoring and prevention of health risks will always be necessary and in case
of unexpected adverse health effects there should be adequate health care for those affected. Although CSE in the Netherlands is declining in correspondence with the declining occupational solvent exposure, solvents are still a problem in other parts of the world. Our
knowledge should be accessible and implemented in countries where working conditions are
still very dangerous. We should strive for safe working conditions for everybody and optimal
prevention of high risk working conditions that could cause occupational diseases.
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Chronic Solvent-induced Encephalopathy:
diagnosis and course

Summary and conclusions
Aims
The aims of this thesis were to report on the incidence of Chronic Solvent-induced Encephalopathy (CSE) from 1997 until 2017 in the Netherlands, to evaluate a screening programme
for Dutch painters, to improve the neuropsychological part of the diagnostic process by establishing standardized, valid and detailed diagnostic guidelines contributing to international
harmonisation of diagnostics, and to study the course of the disease and prognostic factors
of neuropsychological functioning of CSE patients.

This thesis consists of three parts: in the first part background information about CSE is presented (chapter 1 and 2), in the second part screening and improvement of diagnostics for
CSE (chapter 3-7) are the main topics, and in the third part (chapter 8-9) the course and
prognosis of CSE are described.

Part I
Background
The thesis starts in chapter 1 with background information on organic solvents, the chemical
properties and the possible mechanisms behind the neurotoxic effects. The syndrome of
CSE and the diagnostic process are described. In chapter 2 a brief history is given of the
process of recognition of CSE in Finland and the Netherlands. The rise of international scientific interest and simultaneous national public concern for the health effects of organic solvent exposure has led to improvements in the legislation around occupational exposure to
solvents. Branches of industries, occupational groups, unions, health care and patient organisations became increasingly aware of the risks involved in exposure to solvents. Screening
programs in Finland and the Netherlands identified CSE patients and served to focus the
attention of a large working population to the potential adverse health effects of exposure to
organic solvents. These factors combined have led to substitution of solvents by less toxic
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products, more attention for preventive measures such as use of local exhaustion, and more
use of adequate personal protective equipment, resulting in a diminished exposure to organic solvents and a gradual reduction of the annual incidence of CSE patients in the Netherlands and Finland.

Part II
Screening and diagnosis
The Dutch Solvent Team project was set up in 1997 and worked according to the national
diagnostic guidelines that have been defined in 1995. Subsequently, the diagnostic criteria
were further developed internationally and the insights in the course of CSE increased. In
chapter 3 the current Dutch diagnostic practice of diagnosing CSE in 2016 is described and
current insights into the diagnosis and progression of this disease. The Dutch national statistics of the incidence of CSE - together with chronic toxic encephalopathy (CTE) due to exposure to other neurotoxic substances - are presented from the start of the solvent teams in
1997 until 2017. The annual incidence of CSE and CTE has gradually decreased from 50 to
100 cases per year in the nineties of the last century, to 20 or less per year in second decade of 2000. The decrease in CSE incidence is also seen in other Western European countries.
In this chapter we concluded that there is no evidence supporting a uniform cut-off point for a
minimum duration or minimal level of exposure to organic solvents related to the development of neurotoxic damage. Furthermore, in the Dutch guidelines of 1995, CSE was regarded as a diagnosis per exclusionem. At present, the Dutch solvent teams take the point of
view that CSE can be diagnosed in combination with another psychiatric or somatic disease,
although the assessment of the probability of CSE in case of a concomitant disease can be
more difficult. The international criteria for the assessment of neuropsychological impairment
have become more stringent, and more emphasis is placed on controlling for decreased
performance validity during neuropsychological assessment. In terms of the progression of
CSE, the scientific evidence points towards a stabilisation of health damage after the CSE
diagnosis, which often implies that exposure to solvents has reduced or stopped.
In chapter 4 a screening programme organized during the years 1998-2004 for the detection
of CSE in Dutch painters is described. About half of the invited 40,000 painters completed
the Neurotoxic Symptom Checklist 60 (NSC60). The 794 workers (4%) with elevated scores
were invited for a computerised neuropsychological screening with the Neurobehavioral
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Evaluation System 2 (NES2). In case of impaired test results painters were referred to a Solvent Team for further diagnostics (101 painters). Finally 27 (27%) were diagnosed with CSE.
The number of painters needed to test in order to diagnose one case of CSE was 750.
In the same period 619 painters were referred to a Solvent Team by general practitioners
and medical specialists, or by occupational physicians. Finally 75 patients (12%) were diagnosed with CSE. The patients in both groups had a similar severity of neuropsychological
impairments.
In conclusion, a limited number of potentially new CSE cases could be detected with the
screening program. The number of CSE cases found via the screening program dropped
after 2002; from 2005 to 2007 no new CSE cases were diagnosed by the Solvent Teams via
the screening program.
Chapter 5 includes a study conducted to specify and objectify the clinical reasoning process
during the diagnosis of CSE. Explicit decision rules have been developed, including a minimum score for cognitive impairment, summarizing results of 25 cognitive tests. Other decision rules were developed to assess the likelihood of a solvent cause for the impairments by
assessing and weighing the exposure, also taking into account other possible causes related
to somatic and psychiatric illnesses, as measured by clinical chemistry, general medical and
neurological examinations and symptom questionnaires. These rules were retrospectively
applied to 513 patients who had regularly completed all diagnostic steps and to a sample of
50 patients with negligible impairments on the NES2. We could not find a profile of test results that might support the identification of CSE patients within the referred patient population of the solvent teams. The diverging results of related cognitive tests indicate that the use
of a core test battery is needed to improve comparability of study results.
In chapter 6 a European consensus guideline on neuropsychological assessment of CSE is
presented. The aims were to update the knowledge of the neuropsychological characteristics
of CSE and to provide internationally acceptable guidelines for using neuropsychological
assessments in diagnosing patients suspected of CSE. The most common neuropsychological impairments in CSE patients are within the domains of attention, particularly the speed of
information processing, memory, and motor performance. It appears that the influence of
CSE on memory processes mainly involves immediate recall and generally involves verbal,
visual and visuospatial memory. European consensus was reached and resulted in six recommendations for the neuropsychological diagnostic process. The first recommendation
comprises the cognitive domains and subdomains that should be assessed in the neuropsychological assessment for CSE including at least memory, attention, fine motor performance
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and concept formation and reasoning. The second recommendation concerns the rating of
the cognitive impairment. An impairment score is obtained by counting the impaired test results and averaging the scores within the (sub)domains. Future research is needed to assess the implementation and usefulness in clinical practice. Third, it is recommended that
symptoms be assessed separately from cognitive impairment, as severity of symptoms and
severity of cognitive impairment may not concur. Fourth, CSE might coexist with another
somatic or psychiatric condition, hence it is recommended that a combined CSE diagnosis
with another somatic or psychiatric diagnosis is possible. Fifth, the neuropsychological assessment should explicitly control for performance validity, as sub-optimal performance occurs frequently. Finally, it is recommended that patients should be retested when the first
assessment is inconclusive. The course of the neuropsychological profile serves as extra
diagnostic information.
A case study is presented in chapter 7, illustrating difficulties of the neuropsychological assessment as cornerstone of the diagnostic process of CSE. Many patients suspected of CSE
are not able to perform to the best of their ability and often decreased performance validity is
shown on stand-alone performance validity tests included in the neuropsychological assessment for CSE. The case study describes the clinical dilemmas in communicating these
results and in the final decision whether or not retesting is indicated. A related issue is the
opportunity offered for a second opinion. The question is if such practices are serving the
patient.

Part III
Course of Chronic solvent-induced Encephalopathy
A systematic review, presented in chapter 8, investigated the course and prognostic factors
of CSE. Data were extracted from 16 articles that met the inclusion criteria and provided
information about the domains of neurology, neuropsychology, physical and mental health
perceptions, and social consequences. Results were mixed. In a number of studies, no significant changes in functioning were found, whereas in other studies patients’ functioning
was found to improve. Prognostic factors were summarized for each domain. A potential
positive influence of younger age and lower exposure was found. The large heterogeneity of
the studies did not allow the assessment of the level of evidence of the included studies. In
conclusion, the evidence points towards CSE being a non-progressive disease in which no
severe deterioration of functioning occurs after diagnosis.
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Chapter 9 describes a longitudinal study on the course and prognostic factors of neuropsychological functioning in CSE patients, taking the recommendations of the earlier performed
systematic review into account. During ten years 1987 patients underwent a full diagnostic
assessment. Of these patients a cohort of 137 CSE patients with a first diagnostic assessment for CSE applying stringent diagnostic criteria, was assessed after 1.5 to 2 years. The
performance on neuropsychological functioning had improved at follow-up, with effect sizes
ranging from small for memory, attention and motor performance and medium for simple
attention. The overall effect size of improvement of neuropsychological impairment was medium. Neuropsychological impairment at diagnosis was found to predict the level of neuropsychological impairment at follow-up and a psychiatric DSM-IV diagnosis at time of CSE
diagnosis was also found to predict neuropsychological impairment at follow-up
The key messages of the general discussion presented in chapter 10 are as follows:
•

CSE in the Netherlands is a rare occupational disease with gradually decreasing annual incidence figures (chapter 2 and 3).

•

A screening programme in a population of 40,000 Dutch painters has led to the identification of the limited number of 27 cases of CSE. The number of new CSE cases
among painters has decreased over the years and no new cases have been identified in the last two years of the screening programme (chapter 4).

•

The evaluation of CSE diagnosis has been improved by developing decision rules,
particularly with regard to the severity of the neuropsychological impairment and the
weighing of the likelihood of solvents as a potential cause for the impairments (chapter 5).

•

European guidelines have been developed, partly evidence-based and partly consensus-based, for the neuropsychological assessment of CSE (chapter 6). The European consensus improves and harmonises diagnostic criteria internationally for
clinical practise and research purposes.

•

The scientific literature points towards a stabilisation of CSE after diagnosis, presumably because exposure has reduced or ceased after diagnosis (chapter 8 and chapter 9).

•

Performance validity tests are an important part of the neuropsychological assessment of CSE (chapter 6, chapter 7 and chapter 10).

•

The Dutch Solvent Teams have successfully collaborated with clinical diagnostics,
scientific development and evaluation of the diagnostic process of CSE. This has in226

creased the awareness of the neurotoxic effects of occupational solvent exposure in
the Netherlands.
•

Although CSE in the Netherlands is declining, solvents are still a problem in other
parts of the world. Our knowledge should be accessible and implemented in countries where working conditions are still very dangerous. We should strive for safe
working conditions for everybody and optimal prevention of high risk working conditions that could cause occupational diseases.
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Chronische Toxische Encefalopathie door oplosmiddelen:
diagnose en beloop

Samenvatting en conclusies
Doelstellingen
De doelstellingen van dit proefschrift waren het rapporteren van het voorkomen van Chronisch Toxische Encefalopathie door oplosmiddelen (CSE) in Nederland van 1997 tot 2017,
het evalueren van een screeningsprogramma voor Nederlandse schilders, het verbeteren
van het neuropsychologische diagnostische proces met gestandaardiseerde, valide en gedetailleerde richtlijnen die bijdragen aan internationale overeenstemming op het gebied van
diagnostiek en het bestuderen van het beloop en prognostische factoren voor het neuropsychologisch functioneren van CSE patiënten.

Dit proefschrift beslaat drie delen: in het eerste deel wordt de achtergrondinformatie van
CSE gepresenteerd (hoofdstuk 1 en 2), het tweede deel omvat de screening en verbetering
van de diagnostiek voor CSE (hoofdstuk 3-7) en het derde deel (hoofdstuk 8-9) beschrijft het
beloop en de prognose van CSE.

Deel I
Achtergrond
Het proefschrift begint in hoofdstuk 1 met achtergrondinformatie over organische oplosmiddelen, hun chemische eigenschappen en de mogelijke onderliggende mechanismen van de
neurotoxische effecten. Het syndroom van CSE en het diagnostische proces wordt beschreven. Hoofdstuk 2 is een historische schets van het proces van herkenning en erkenning van
CSE in Finland en Nederland. Het ontstaan van internationale wetenschappelijke interesse
voor CSE ging gepaard met nationale maatschappelijke onrust over de gevolgen van blootstelling aan oplosmiddelen voor de gezondheid. Dit heeft geleid tot aanscherping van de
wet- en regelgeving rondom het werken met oplosmiddelen. Industriële branches, beroepsgroepen, vakbonden, gezondheidszorg en patiëntenverenigingen werden steeds alerter op
de risico’s voor de gezondheid van blootstelling aan oplosmiddelen. Screeningprogramma’s
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in Nederland en Finland identificeerden CSE-patiënten en richtten de aandacht van de beroepsbevolking op de mogelijke schadelijke effecten van blootstelling aan organische oplosmiddelen. Deze ontwikkelingen hebben gezorgd voor het vervangen van oplosmiddelen
door minder toxische producten, het meer toepassen van preventieve maatregelen zoals
afzuiging bij de bron en verbeterd gebruik van persoonlijke beschermingsmiddelen, waardoor de blootstelling aan organische oplosmiddelen is gedaald. De jaarlijkse incidentie van
CSE in Nederland en Finland daalt ook langzaam.

Deel II
Screening en diagnose
Het Nederlandse Solvent Team project werd opgezet in 1997 en werkte volgens de richtlijn
voor diagnostiek die in 1995 gedefinieerd werd. Daaropvolgend waren er steeds meer internationale ontwikkelingen op het gebied van diagnostische criteria en kwam er meer kennis
over het beloop van CSE. In hoofdstuk 3 wordt de stand van zaken beschreven rondom de
klinische diagnostiek van CSE in 2016 en de kennis rondom de diagnostiek en de progressie
van deze ziekte. Cijfers over de incidentie van CSE -samen met Chronisch Toxische Encefalopathie (CTE) door blootstelling aan andere neurotoxische stoffen- worden gepresenteerd
vanaf de oprichting van de Solvent Teams in 1997 tot 2017. De jaarlijkse incidentie van CSE
en CTE is geleidelijk afgenomen van ongeveer 100 gevallen per jaar in de jaren negentig
van vorige eeuw tot ongeveer 20 of minder gevallen per jaar in het tweede decennium van
2000. Ook in andere West-Europese landen daalt de incidentie van CSE.
In dit hoofdstuk concluderen we dat er geen bewijs is voor een uniforme afkapwaarde voor
een minimale blootststellingsduur of blootstellingsniveau waarna CSE kan optreden. Daarnaast was CSE in de diagnostische richtlijn van 1995 een diagnose per exclusionem. Tegenwoordig hanteren de Solvent Teams de zienswijze dat CSE ook gediagnosticeerd kan
worden in aanwezigheid van een andere psychiatrische of somatische ziekte. Het inschatten
van de waarschijnlijkheid van CSE wordt echter moeilijker in aanwezigheid van een differentiaal diagnostische aandoening.
De internationale criteria voor het vaststellen van neuropsychologische stoornissen bij CSE
zijn strikter geworden en er wordt meer nadruk gelegd op het controleren op verminderde
prestatievaliditeit tijdens het neuropsychologisch onderzoek, omdat onderpresteren veel
voorkomt. De wetenschappelijke literatuur wijst op een stabilisatie van de gezondheidsscha-
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de na een CSE diagnose. Na een CSE diagnose wordt de blootstelling aan oplosmiddelen
meestal verminderd of gestaakt.
In hoofdstuk 4 wordt een screeningsprogramma beschreven dat tijdens de jaren 1998-2004
georganiseerd werd om CSE te detecteren in een populatie van Nederlandse schilders. Ongeveer de helft van de 40.000 uitgenodigde schilders vulden de Neurotoxic Symptom
Checklist-60 (NSC60) in. De 794 (4%) schilders met een verhoogde score kregen een uitnodiging voor een gecomputeriseerde neuropsychologische screening met het Neurobehavioral Evaluation System2 (NES2). Schilders met een gestoorde prestatie werden vervolgens
doorverwezen naar een Solvent Team voor uitgebreidere diagnostiek (101 schilders). Uiteindelijk zijn er 27 (27%) schilders gediagnosticeerd met CSE. Het aantal schilders dat getest moet worden om een geval van CSE op te sporen is 750.
In dezelfde tijdsperiode werden er 619 schilders verwezen naar de Solvent Teams door
huisartsen en medische specialisten of bedrijfsartsen. Van hen werden er uiteindelijk 75
(12%) gediagnosticeerd met CSE. De ernst van de neuropsychologische stoornissen was
vergelijkbaar voor beide groepen.
Concluderend heeft het screeningsprogramma geresulteerd in een beperkt aantal mogelijk
nieuw gedetecteerde gevallen van CSE. Het aantal gedetecteerde gevallen van CSE nam
snel af na 2002: van 2005 tot 2007 werden er bij de Solvent Teams geen nieuwe CSE gevallen meer gediagnosticeerd die vanuit het screeningsprogramma verwezen waren.
In hoofdstuk 5 wordt het klinische redeneerproces van de diagnostiek van CSE gespecificeerd en geëxpliciteerd. Een set van beslisregels is ontwikkeld, onder andere over hoe de
ondergrens van cognitieve stoornissen vastgesteld kan worden middels een samenvoeging
van 25 cognitieve testvariabelen. Andere beslisregels beslaan het vaststellen van de waarschijnlijkheid van de blootstelling aan oplosmiddelen als een oorzaak voor de stoornissen.
Hiertoe wordt de blootstelling geschat en gewogen en wordt de aanwezigheid van andere
somatische en psychiatrische ziekten onderzocht door de resultaten van bloedtests, lichamelijk onderzoek, neurologisch onderzoek en vragenlijsten over symptomen mee te nemen
in het diagnostisch redeneerproces. De beslisregels zijn retrospectief toegepast op 513 patienten die het hele diagnostische proces van de Solvent Teams hadden doorlopen en op 50
patiënten die verwaarloosbare stoornissen hadden op het NES2. We konden geen neuropsychologisch profiel vinden dat onderscheid kan maken tussen de uiteindelijk geïdentificeerde CSE patiënten volgens de beslisregels en de andere patiënten die het diagnostische
proces van het Solvent Team geheel doorliepen. Het gebruik van een vaste testbatterij voor
CSE zou de vergelijkbaarheid van studieresultaten ten goede komen.
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In hoofdstuk 6 wordt een Europese consensus over aanbevelingen voor de neuropsychologische diagnostiek voor CSE gepresenteerd. Het doel van de studie was enerzijds het bijwerken van de wetenschappelijke kennis van de neuropsychologische kenmerken van CSE
en anderzijds het formuleren van internationaal geaccepteerde aanbevelingen voor de neuropsychologische diagnostiek van CSE. Het neuropsychologische profiel bij CSE patiënten
wordt voornamelijk gekenmerkt door stoornissen op het gebied van aandacht en dan met
name de snelheid van informatieverwerking, geheugen en de snelheid van de motoriek.
CSE lijkt voornamelijk het geheugenproces van inprenting te beïnvloeden en dit wordt gevonden voor diverse modaliteiten: verbaal, visueel en visuospatiëel geheugen.
Zes aanbevelingen voor neuropsychologische diagnostiek werden in Europese consensus
vastgesteld. De eerste aanbeveling betreft de cognitieve domeinen en subdomeinen die
onderzocht moeten worden tijdens neuropsychologisch onderzoek voor CSE. Er moeten in
ieder geval binnen de volgende domeinen tests worden geselecteerd: geheugen, aandacht,
fijne motorische vaardigheden, conceptvorming en redeneren. De tweede aanbeveling betreft het vaststellen van de ernst van de cognitieve stoornissen. Vanuit neuropsychologisch
onderzoek kan een stoornisscore worden berekend op basis van het gemiddelde van de
stoornissen binnen de (sub)domeinen. Vervolgonderzoek moet uitwijzen of deze stoornisscore bruikbaar is in de klinische praktijk en hoe deze kan worden geïmplementeerd. Ten
derde wordt aanbevolen om het vaststellen van de ernst van de symptomen los te koppelen
van het vaststellen van de ernst van de cognitieve stoornissen omdat deze vaak niet samenhangen. Een vierde aanbeveling gaat over comorbiditeit. CSE kan gediagnosticeerd
worden in combinatie met een andere psychiatrische of somatische aandoening. Ten vijfde
wordt aangeraden dat prestatievaliditeit altijd onderzocht moet worden tijdens neuropsychologisch onderzoek omdat onderpresteren vaak voorkomt. Tenslotte wordt aangeraden dat
patiënten een herhaald onderzoek moeten krijgen als er geen duidelijke conclusie kan worden getrokken uit de resultaten van de eerste diagnostische beoordeling. Het beloop van het
neuropsychologische profiel heeft extra diagnostische waarde.
In hoofdstuk 7 wordt een casus gepresenteerd waarbij de dilemma’s uiteen worden gezet
die voortkomen uit neuropsychologisch onderzoek bij de diagnostiek van CSE. Veel patiënten met een vermoeden op CSE zijn niet in staat optimaal te presteren tijdens neuropsychologisch onderzoek en vaak scoren zij signalerend op tests die problemen laten zien met de
prestatievaliditeit. In de rapportage over de casus gaan we in op dillemma’s rondom de klinische communicatie van verminderde prestatievaliditeit. Ook wordt ingegaan op overwegin-
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gen om een herhaald onderzoek of second opinion aan te bieden. Het blijft namelijk de
vraag of dit uiteindelijk in het belang is van de patiënt.

Deel III
Beloop van Chronische Toxische Encefalopathie door oplosmiddelen
In een systematische review (hoofdstuk 8) werd de wetenschappelijke kennis over het beloop van CSE en de prognostische factoren op een rij gezet. Er waren 16 wetenschappelijke
artikelen die voldeden aan de inclusiecriteria van de zoekstrategie. De studies bevatten resultaten op het gebied van het beloop van neurologische, neuropsychologische, lichamelijke
en psychische symptomen van CSE patiënten en de sociale consequenties van de diagnose
CSE. De resultaten van de diverse studies liepen uiteen. In een aantal studies werden geen
significante veranderingen over de tijd gevonden, terwijl andere studies een verbetering van
het functioneren van CSE patiënten lieten zien. Prognostische factoren werden per domein
samengevat. Er is een potentieel positieve invloed van een jongere leeftijd en een lagere
cumulatieve blootstelling op het beloop van CSE. Het niveau van bewijs kon niet goed worden vastgesteld vanwege de heterogeniteit van de studies wat betreft de kwaliteit. Concluderend wijst de wetenschappelijke evidentie in de richting van een stabilisatie van CSE: na
diagnose is er geen progressie van de ziekte.
Hoofdstuk 9 beschrijft een longitudinale studie van het beloop en prognostische factoren
van het neuropsychologisch functioneren van CSE patiënten. Hierbij werden de aanbevelingen voor toekomstig onderzoek vanuit de eerder genoemde systematische review toegepast. Gedurende tien jaar doorliepen 1987 patiënten het gehele diagnostische proces voor
CSE. Een cohort van 137 strikt gediagnosticeerde CSE patiënten werd opnieuw onderzocht
na 1,5 tot 2 jaar. Het neuropsychologisch functioneren was verbeterd tijdens de tweede beoordeling door het Solvent Team. De grootte van het effect varieerde van klein voor de verbetering op de domeinen van geheugen, aandacht en motorische snelheid tot middelgroot
voor het subdomein van eenvoudige aandachtsfuncties. De effectgrootte van de verbetering
op het neuropsychologisch onderzoek als geheel was middelgroot. De ernst van de neuropsychologische stoornissen 1,5 tot 2 jaar na diagnose werd voorspeld door de ernst van de
neuropsychologische stoornissen ten tijde van de eerste diagnose, samen met de aanwezigheid van psychopathologie tijdens de eerste diagnose.
De kernboodschappen van de algemene discussie in hoofdstuk 10 zijn als volgt:
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•

CSE is een zeldzame beroepsziekte in Nederland, waarbij de jaarlijkse incidentie
blijft afnemen (hoofdstuk 2 en 3)

•

Bij een screeningsprogramma onder 40.000 Nederlandse schilders zijn 27 CSE patienten gevonden. Het aantal CSE diagnosen onder schilders is afgenomen in de loop
der jaren en de laatste twee jaar na het screeningsprogramma werden geen nieuwe
CSE patiënten meer gediagnosticeerd die vanuit het screeningsprogramma waren
doorverwezen (hoofdstuk 4).

•

De diagnostiek voor CSE is verbeterd door de ontwikkeling van beslisregels, voornamelijk op het gebied van het vaststellen van de ernst van neuropsychologische
stoornissen en een verbeterde weging van de waarschijnlijkheid van blootstelling aan
oplosmiddelen als oorzaak voor de stoornissen (hoofdstuk 5).

•

Europese aanbevelingen voor de neuropsychologische diagnostiek zijn ontwikkeld,
waar mogelijk gebaseerd op evidentie en waar nodig gebaseerd op consensus van
Europese experts (hoofdstuk 6). De Europese consensus aanbevelingen verbeteren
en harmoniseren de internationale diagnostische criteria voor gebruik in klinische
praktijk en wetenschappelijke onderzoek.

•

De wetenschappelijke evidentie wijst in de richting van stabilisatie van de neuropsychologische stoornissen bij CSE na de diagnose, met als waarschijnlijke oorzaak het
stoppen of de vermindering van de blootstelling aan organische oplosmiddelen
(hoofdstuk 8 en hoofdstuk 9).

•

Prestatievaliditeittests zijn een belangrijk onderdeel van neuropsychologisch onderzoek van CSE (hoofdstuk 6, hoofdstuk 7 en hoofdstuk 10).

•

De Nederlandse Solvent Teams hebben succesvol samengewerkt op het gebied van
klinische diagnostiek, wetenschappelijk onderzoek en het evalueren van het diagnostisch proces voor CSE. Dit heeft de maatschappelijke aandacht voor de schadelijke
effecten van beroepsmatige neurotoxische blootstelling verhoogd.

•

In Nederland is de problematiek van CSE bijna opgelost. Echter, oplosmiddelen zijn
in andere delen van de wereld nog steeds een probleem. Onze kennis moet toegankelijk zijn voor gebruik in landen waar de werkomstandigheden nog steeds slecht
zijn. We moeten streven naar veilige arbeidsomstandigheden voor iedereen en optimale preventie van risicovolle arbeidsomstandigheden die tot een beroepsziekte
kunnen leiden.
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van Valen E, Neuropsychologisch onderzoek objectiveert cognitieve klachten bij hersenschade. Tijdschrift voor Bedrijfs- en
Verzekeringsgeneeskunde 2012; 20 (8)

E-health modules
Bockting C, van Valen E, DepressieVRIJ, terugvalpreventie bij recideverende depressie, Trimbos

Bockting C, van Valen E, Doe en voel, gedragsactivatie bij somberheid en depressie, Rijksuniversiteit Groningen (translated in
Indonesian: “act and feel”)
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Portfolio
Name PhD student:

Evelien van Valen

PhD period:

2006-2017

Name PhD supervisor:

prof dr Frank van Dijk, prof dr Mirjam Sprangers

1. PhD training
Year

Workload
(Hours/ECTS)

General courses Graduate school

2005-2010

AMC world of science

0.7

Evidence based medicine

0.6

Practical biostatistics

1.1

Advanced biostatistics

2.1

Medical literature PubMed

0.1

Medical literature PsychInfo

0.1

Medical literature Embase

0.1

Scientific writing in English

1.5

Specific education
Post master education health psychologist BIG, Rino Noord Holland,

2009-2012

29

2005-2014

15

Materclass Neuropsychology Michael Gazzaniga, Utrecht

2014

0.1

Statistical analyses for network theory of psychopathology, Eiko Fried

2016

0.3

2017

0.3

Amsterdam
Post master education cognitive behavioural therapist VGCT ®
Seminars, workshops and master classes

and Sasha Epskamp at Utrecht University
Statistical Bayesian analysis using JASP, Eric-Jan Wagenmakers at
Utrecht University
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(Inter)national conferences
Symposium on CSE, ICOH / Neurobehavioral methods and effects in

2005

0.5

2008

0.5

2011

0.5

2015

0.5

2015

1.0

2017

0.5

2017

0.5

Occupational and Environmental health South Korea, oral presentation
on CSE
Symposium ICOH-EPICOH Costa Rica, oral presentation, oral presentation on consensus CSE
Symposium 13th international neurotoxicology association meeting &
11th Neurobehavioral methods and effects in Occupational and environmental health, Xi’an, China, oral presentation on course of CSE
Symposium international neurotoxicology association Montreal: The
aerotoxic syndrome: Tricresyl phosphate exposure assessment, neurotoxicity and alternative explanations. Oral presentation
Poster presentations INA Montreal on follow-up CSE and performance
validity
Workshop cognitive therapy for recurrent depression, VGCT annual
conference
Webinar cognitive therapy for recurrent depression, VGCT

2. Teaching
Year

Workload
(Hours/ECTS)

Lecturing
-

Lecture Medical Psychology AMC

2010

4 hours

-

Lectures Neuropsychology diagnosis and therapy, post ma-

2009-2012

200 hours

2016-2017

200 hours

40 hours

ster Rino Utrecht and Amsterdam
-

Lecturing Utrecht University clinical psychology: cognitive behavioural therapy, evidence based psychology interventions,
psychopathology, academic professionsal, psychodiagnostics,
psychological communication, honours programme

Tutoring, Mentoring
-

medicine students: Junior internships occupational medicine

2009-2016

-

medicine students: communication skills (motivational inter-

2009-2012
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viewing, shared decicion making, how to cope with aggression, faults, mistakes,and adverse events,

90 hours

general medical

communication skills)
Supervising
-

Supervising 2 Master Thesis Leiden University

2006-2008

-

Supervising 3 psychologists post-master education for health

2012-2016

psychologists

40 hours

120 hours

Total

max 4 ECTS for portfolio

3. Parameters of Esteem
Year
Grants
Co-author grant ZONMW 300020014 Disrupting the rhythm of depression; Cost ef-

2010-2016

fectiveness of an e-mental health self management intervention with automated telemonitoring for recurrent depression, principal investigator: prof dr CLH Bockting
Co-author implementation grant

ZONMW 1710024011 ‘Terugvalpreventie bij de-

pressie: implementatieplan’, principal investigator: prof dr CLH Bockting

2017-2018

Awards and Prizes
15th Biennial Meeting of the International Neurotoxicology Association (INA-15) and

2015

39th Annual Meeting of the Neurobehavioral Teratology Society (NBTS). Poster prize
Center of expertise
National review:Solvent Team as center of expertise rare diseases NFU / Orphanet,
Temporally acknowledgement

2015

Long-term acknowledgement

2016

4. Registrations
Registratie PSYCHOLOOG NIP

2006

Gezondheidszorgpsycholoog BIG

2012

Cognitief gedragstherapeut VGCT®

2014

Basiskwalificatie onderwijs UvA

2016
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Curriculum Vitae
Evelien van Valen was born on 22nd of Februari in 1979 in Utrecht. She earned her masters
degree in biological psychology with a specialisation in neuropsychology at University Maastricht in 2003. She worked in 2003 at the Maastricht University as a research coordinator.
Seeking a combination of clinical patient care and scientific research, she started in 2004 as
a neuropsychologist at the Solvent Team Amsterdam at the Academic Medical Center
(AMC). She developed a research plan and combined clinical patient care with research on
Chronic Solvent-induced Encephalopathy. During her work at the AMC, she earned her clinical registrations of health psychologist (BIG) and cognitive behavioural therapist (VGCT).
For these registrations, she worked several years at the department of Mood Disorders,
Medical Psychology, and Rehabilitation. In 2012 she became head of the multidisciplinary
Solvent Team Amsterdam. Together with the Solvent Team Enschede, she successfully
applied for recognition as a centre of expertise for rare diseases by the Orphanet-network.
Teaching proved to be very interesting and she has worked since 2009 as a lecturer in neuropsychology and cognitive behavioural therapy for the post-master education for health
psychologists at the Rino in Utrecht and Amsterdam. She was active in the education for
medical students at AMC and she earned her teaching in higher education registration (UTQ
/ BKO) at the AMC/ University of Amsterdam in 2016. In 2016 she became a lecturer and
researcher at the department of Clinical Psychology of Utrecht University. Since September
2017 she works as a neuropsychologist and cognitive behavioural therapist at the department of Geriatrics at University Medical Center Utrecht. She combines this with research
activities for several Dutch studies on depression (University Medical Center Groningen and
AMC). Together with her partner Vincent van Diggelen she has two daughters: Laila (2009)
and Sirle (2012).
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