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Abstract Chronic idiopathic axonal polyneuropathy

(CIAP) is a term describing neuropathies with both sensory

and motor involvement in a length dependant distribution

where neurophysiology reveals axonal damage, neuropathy

onset is insidious and shows slow or no progression of the

disease over at least 6 months with no aetiology being

identified despite appropriate investigations. This entity

merits further consideration given how common it is, the

absence of clarity regarding aetiopathogenesis, natural

history and therapies. A systematic computer-based liter-

ature search was conducted on PubMed database. We used

two Medical Subject Headings terms in title. Term A was

‘‘axonal’’, ‘‘cryptogenic’’, ‘‘idiopathic’’ or ‘‘unknown’’ and

Term B was ‘‘neuropathy’’ or ‘‘polyneuropathy’’. This

search strategy resulted in the identification of 658 articles.

After eligibility assessment, 48 papers were used for this

review. CIAP is usually diagnosed in the sixth decade of

life and it is more prevalent in males (ratio 3:2). It is

usually slowly progressive. Some data support a potential

role of autoimmunity in CIAP and further larger prospec-

tive studies are required to address such potential link and

any treatment implications. CIAP is a common type of

polyneuropathy but the least studied. Increasing awareness

and research into this entity may result in better under-

standing and in the development of treatment strategies.

Keywords Polyneuropathy � Idiopathic � CIAP � Axonal

Introduction

The term peripheral neuropathy refers to any disorder of

the peripheral nervous system including single and multi-

ple (asymmetric) mononeuropathy, and symmetrical

involvement of many nerves (polyneuropathy) [1]. Further

classification depends on a mixture of phenomenological,

neurophysiological, pathological and aetiological parame-

ters [1].

The temporal evolution of symptoms divides polyneu-

ropathy into acute or chronic. Acute peripheral neuropathy,

e.g., Guillain-Barré syndrome is rare but an important

entity to recognise because whilst at times severe, it is

treatable. Most peripheral neuropathies are chronic and

usually develop over several months [2].

Based on neurophysiological assessments and patho-

logical findings (e.g., nerve and skin biopsy), neuropathies

can be broadly classified into small or large fiber neu-

ropathies. Unmyelinated C and thinly myelinated Ad fibers

are considered small fibers whereas myelinated Aa and Ab
fibers are considered large fibers [3]. In small fiber neu-

ropathy, somatic or autonomic fibers, or both, may be

involved [4].

Large fiber neuropathy can be axonal, where axons are

affected, most commonly in proportion to their length

(length dependent polyneuropathy). Large fibre demyeli-

nating neuropathy affects the myelin sheath around axons

impairing the ability of the axons to speedily conduct

electrical impulses resulting in slow or no conduction

(conduction block); Neuronopathy also known as gan-

glionopathy is another large fibre neuropathy affecting the

cell bodies of the sensory neurones located in the dorsal

root ganglia. Finally in pure motor neuropathy there is

involvement of only the lower motor neurones. Based on

the distribution, peripheral neuropathies can be both
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symmetrical and asymmetrical whereas sensory gan-

glionopathy is almost always asymmetrical at the onset [5].

Many aetiological factors have been implicated in the

development of peripheral neuropathy. The type of neu-

ropathy may offer some aetiological clues. The term

chronic idiopathic axonal polyneuropathy (CIAP) refers to

those symmetrical, length dependant peripheral neu-

ropathies where neurophysiology reveals axonal damage

involving large fibers, their their onset is insidious and

show slow or no progression of the disease over at least

6 months [6] and no aetiology can be identified despite

extensive and appropriate investigations. Figure 1 provides

a proposed algorithm of the diagnostic approach needed

when investigating a patient with axonal neuropathy.

The authors acknowledge the fact that the label of

‘‘idiopathic’’ depends on the expertise and extend of

investigations performed in an attempt to achieve a diag-

nosis of the cause of neuropathy. Most workers in the field,

however, accept that even in the hands of experts in a

substantial proportion of patients with peripheral neu-

ropathy no diagnosis can be made, hence the proposed

terminology of CIAP. The aim of this work was to sys-

tematically review all the available studies on CIAP in an

attempt to clarify current thinking of aetiopathological

mechanisms and natural history that may prove useful for

any clinician when faced with a patient with CIAP.

Methods

Literature search strategy

A systematic computer-based literature search was con-

ducted on January 27, 2016 on PubMed database. For each

individual search we used two Medical Subject Headings

(MeSH) terms in title. Term A was ‘‘axonal’’,

Symptoms reported by the pa�ent and are sugges�ve of polyneuropathy 
(i.e. pins and needles sensa�on, burning sensa�on) 

Step 1. Elicit history of presen�ng complaint
Step 2. Seek for history of comorbidi�es (i.e. diabetes), alcohol misuse, family history of neuropathy
Step 3. Check pa�ent’s current medica�on, past medica�on and history of exposure to toxins
Step 4. Clinical examina�on 
Step 5. Basic laboratory inves�ga�ons

Haematology: Full blood count, Erythrocyte Sedimenta�on Rate, Vitamin B12, Folate
Biochemistry: Fas�ng blood glucose, HbA1c, Renal func�on, Liver func�on, Thyroid func�on
Coeliac disease screen

Step 6. Confirm diagnosis and type of neuropathy with nerve conduc�on studies

If no cause is iden�fied refer pa�ent to Neurology

Primary care

Secondary/ Ter�ary care

Demyelina�ng polyneuropathy Axonal polyneuropathy Mononeuri�s mul�plex

Sensory ganglionopathy Sensorimotor axonal polyneuropathy

Small Fiber Neuropathy

Step 7. Advanced laboratory tests

Biochemistry: Serum protein electrophoresis, Serum angiotensin conver�ng enzyme, Oral glucose tolerance test, 
urinary Bence-Jones protein

Immunology:  An�nuclear an�bodies, an�-neuronal an�bodies, an�-ENA, an� ds DNA, Rheumatoid factor, p-ANCA, c-
ANCA. An�-HIV, An�-HCV

Step 8. Imaging

Chest X-Ray
Skeletal Survey
Abdominal and chest CT
Mammography
PET scan

Step 9. Nerve biopsy

Paraneoplas�c screen first

Thermal threshold test / skin biopsy
If normal

Fig. 1 A proposed algorithm of the diagnostic approach needed when investigating a patient with axonal neuropathy
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‘‘cryptogenic’’, ‘‘idiopathic’’ or ‘‘unknown’’ and Term B

was ‘‘neuropathy’’ or ‘‘polyneuropathy’’. Limitations

included species to be humans and language to be English.

We also perused the reference lists of the papers since the

drafting of this paper so as to try and include further CIAP

papers not found through the above strategy.

Inclusion and exclusion criteria

To be included in the review, the articles had to meet the

following criteria:

1. To study case series of patients with CIAP

2. To study human adult subjects

3. To provide clinical information

Exclusion criteria included:

1. Case reports

2. Book chapters, reviews, letters to the editor and

editorials that did not provide new data

3. Papers relating to familial, genetic or congenital

neuropathies

Results

Search results

This search strategy resulted in the identification of 658

articles. After the eligibility assessment, 615 articles were

excluded. In total, 43 papers met the inclusion criteria.

Scanning the reference lists five more papers were identi-

fied. In total, 48 papers were used for this review (Online

supplement). Table 1 summarizes the characteristics of

these papers. Figure 2 illustrates the study selection

process.

Clinical presentation

The onset of CIAP is usually in the sixth decade of life and

it is more prevalent in males (male:female ratio 3:2) [7, 8].

Symptoms can be divided into sensory and motor.

Sensory symptoms included tingling, pins and needles,

numbness, tightness, burning, pain and sensory ataxia.

Motor symptoms included muscle cramps, stiffness,

weakness and wasting [6]. Sensory symptoms are more

prominent in CIAP and occur earlier in the course of the

disease [9]. Numbness is the most commonly reported

presenting symptom [9, 10]. Early onset (before the age of

65 years) CIAP patients report more frequently numbness,

tingling, pain, muscle cramps and stiffness compared to

late onset CIAP patients [9].

Pain is the presenting sole symptom in up to 10 % of the

patients [10]. The prevalence of pain varies across studies

and ranges from 31 % [10] to 70 % [11]. In a study of pain

in CIAP, Erdmann et al. reported that among CIAP patients

with pain, 43 % had neuropathic, 40 % non-neuropathic

and 17 % mixed pain [11].

CIAP is sensorimotor. In the early stages the cutaneous

sensations are predominantly affected, and by the time the

proprioceptive modalities are involved, motor weakness is

almost always present [12]. It has been estimated that about

3 out of 5 patients with CIAP at diagnosis will have both

sensory and motor symptoms, with 2 having only sensory

symptoms [9, 13–15]. However patients with initially

sensory idiopathic neuropathy will eventually develop

motor involvement [14].

Epidemiology of CIAP

Robust epidemiological data on polyneuropathies of any

cause are lacking. Very few studies have accurately

assessed the prevalence of polyneuropathy in the general

population. The current estimates are between 2.4 % [16]

and 8.0 % [17]. In none of these studies was neurophysi-

ology used to make the diagnosis.

No epidemiological study on the prevalence of CIAP

exists as yet. Estimates of prevalence of CIAP amongst

polyneuropathies range between 11 % [18] and 31 % [19].

The percentage of idiopathic polyneuropathies has declined

with time [20] and the explanation for this is threefold.

Firstly, with time and adequate follow up more causes of

polyneuropathy—hereditary or acquired—have been

recognised; secondly more diagnostic tests have become

available; thirdly, investigations about possible causes of

polyneuropathy may have been incomplete.

Table 1 Characteristics of papers included in the review

Number of CIAP patients studied

Total number of CIAP patients 3904

Range 3–381

Mean number of patients per study (SD) 81.3 (82.4)

Median 56

Demographics

Male:female 3:2

Mean age 60.4 years

Year of publication

Range 1985–2015

Number of publications per decade

Until 1990 4

1991–2000 13

2001–2010 24

2011–2015 7
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Long-term follow-up of CIAP patients [14, 21] or even

just a careful review of the notes [22] have demonstrated

that a cause may be identified in more than 50 % of the

cases.

Natural history of CIAP

The natural history of CIAP remains obscure. Only few

studies have attempted to describe the clinical and neuro-

physiological progression of CIAP. In a 5-year follow up

study of 75 CIAP patients, Notermans et al. demonstrated

that CIAP is slowly progressive and that the clinical course

had two distinct patterns: in sensorimotor type the course

was slowly progressive whereas in sensory neuropathy

(however this is likely to be referring to cases of sensory

ganglionopathy which for the purpose of this review is not

included under CIAP) the clinical course often had a ten-

dency to stabilize [14].

In their study, Sachedina andToth followedup606 patients

with neuropathy, including a group 228 patients with CIAP

[23] for 3 years. Clinically, the neuropathywas progressive in

all groups. CIAP progression rate did not differ significantly

compared to B12 or thiamine deficiency neuropathies. CIAP

patients however, showed slower progression over time when

compared to patients with diabetic neuropathy.

On neurophysiology, progression in cases of CIAP

appeared to be slower than in cases of diabetic

polyneuropathy.

CIAP vs. neuropathy of known aetiology

Axonal polyneuropathies may be caused by genetic

defects, diabetes and other endocrinopathies, thiamine,

vitamin B12 and other deficiencies, gluten sensitivity, liver

failure, renal failure, cancer, toxin exposure and many

prescribed drugs [2]. Following the diagnostic algorithm

(see Fig. 1) is crucial in identifying potentially treat-

able causes. Detail and complete study of such patients will

probably identify aetiological factors including exposure to

several toxins [24, 25].

Although there is an obvious contradiction between the

term idiopathic and the identification of aetiological risk

factors, many reports concentrated on trying to identify

such aetiological factors in the context of presumed CIAP.

658 ar�cles iden�fied

neuropathy
polyneuropathy

axonal
cryptogenic
idiopathic
unknown 

Term A Term B

Excluded 615 ar�cles:
121 about acute neuropathies 

213 about gene�c neuropathies 
225 not about CIAP pa�ents

25 case reports
2 not in human subjects
2 not in adult subjects

9 not clinical papers/basic research
17 not original papers

1 not in English
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48 original clinical papers were 
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lists of these papers
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One such example relates to impaired glucose tolerance

(‘‘pre-diabetes’’). This is a stage in which not all of the

parameters required to diagnose diabetes are found, but

blood glucose is abnormally high. The relationship

between pre-diabetes and neuropathy is a source of debate

[26]. It is estimated that 23–62 % of the patients with

idiopathic polyneuropathy may have abnormal glucose

metabolism, as 13–44 % had impaired glucose tolerance

and 3–24 % undiagnosed diabetes [27–32]. Patients with

neuropathic pain in particular had a higher frequency of

abnormal glucose metabolism [27, 33]. These studies

highlighted that the 2-h oral glucose tolerance test had the

highest diagnostic yield [19], it was more sensitive than

other measures of glucose metabolism [19] and that it

should be part of the routine diagnostic work-up of patients

with CIAP. However, since 2010, the American Diabetes

Association (ADA) standards of care for diabetes, based

largely on the opinion of an international expert committee,

added hemoglobin A1c (HbA1c) as a diagnostic criterion

for diabetes (C6.5 %) and prediabetes (5.7–6.4 %) [34].

Hypertriglyceridaemia has been proposed as an inde-

pendent risk factor for CIAP [35]. In a cohort of 50 patients

with CIAP Hughes et al. showed that after adjustment for

body mass index as well as age and sex, patients with CIAP

had higher triglyceride concentrations compared to con-

trols and that this differences were even more significant

when studying the group of patients with painful CIAP

[35]. This finding was also confirmed in a study by Smith

et al. involving 219 patients with CIAP [32].

Hypercholesterolaemia has also been proposed as risk fac-

tor forCIAPby some researchers [32] although others have not

confirmed this [35]. This uncertainty is further complicated by

the fact that some studies suggested that statins might increase

the risk of polyneuropathy [36] whilst others did not [37].

Metabolic syndrome is characterized by obesity, dys-

lipidemia, hyperglycemia, and arterial hypertension [38]. In

their study, Smith et al. estimated that 54 % of idiopathic

neuropathy patients with normal glucose tolerance test and

86 % of idiopathic neuropathy patients with IGT had meta-

bolic syndrome. They definedmetabolic syndrome as having

at least three of the following criteria; IGT or diabetes, sys-

tolic blood pressure[130 or diastolic[85 mmHg, obesity

(BMI[30 kg/m2), HDL\40 mg/dl forwomen and\50 mg/

dl for men, and triglycerides[150 mg/dl [32]. Visser et al.

studied a cohort of 249 CIAP patients and found that 55 %

fulfilled the metabolic syndrome criteria compared with

34 % of controls. After adjusting for age and gender, mul-

tivariate analysis showed that arterial hypertension and

abdominal obesity were significantly more prevalent in

CIAP patients than in controls [39].

Some hypothesize that in the majority of patients with

CIAP, impaired glucose tolerance and metabolic syndrome

are the consequence rather than the cause of the

neuropathy. Their argument was that in many CIAP

patients symptoms such as pain precede the finding of IGT,

and also that increased age, chronic pain, weakness, stress

and depression which are common predispose to the

development of the metabolic syndrome and IGT [40].

However, IGT and metabolic syndrome are strongly

related to diabetes, a major cause of axonal polyneuropathy

and thus,more than likely, IGT andmetabolic syndromemay

have a direct effect to axonal damage and predispose to the

development of neuropathy. This fact could also explain the

observation by Teunissen et al. showing that cardiovascular

disease andCIAP often coexist, and although they concluded

that cardiovascular disease may be a cofactor in the devel-

opment of chronic axonal polyneuropathy it is more likely

that they both share common risk factors [41].

Monoclonal gammopathy of undetermined significance

(MGUS) is an asymptomatic plasma cell disorder occurring

in more than 4 % of adults over 50 years of age. It can

progress to symptomatic disease either through prolifera-

tion of the plasma cell clone, giving rise to multiple

myeloma and other lymphoplasmacellular neoplasms, or

through organ damage caused by monoclonal protein

deposition [42]. Although, neuropathy associated with

MGUS in the presence of IgM monoclone and Myelin

Associated Glycoprotein (anti-MAG) is typically a pre-

dominantly distal demyelinating process, MGUS can also

be present in CIAP patients [43]. MGUS is considered to

be coincidental in most patients with axonal polyneuropa-

thy [13]. However, some limited data derived from nerve

biopsies have shown pathological differences between such

patients and those with CIAP and no MGUS [44].

Role of autoimmunity

An underlying immunological process has been proposed

after circulating T cell clones were found in some patients

with CIAP [45].

In a prospective study of 57 patients with CIAP that

were tested for reactivity against sulfated glucuronyl

paragloboside (SGPG), myelin-associated glycoprotein

(MAG), GM1, asialo-GM1, GD1b, Hu and sulfatide only 3

(5.3 %) were positive, one for SGPG, one for asialo-GM1

and one for Hu (without malignancy) [46].

The role of autoimmunitymay be further supported by the

fact that some pathological studies suggest that CIAPmay be

due to autoimmune vasculopathy [44, 47]. Moreover, other

studies showed that some CIAP patients have responded to

immunosuppressive treatment and plasma exchange.

The concept of a primary autoimmune neuropathy, i.e.,

peripheral nerves being the primary target of an autoim-

mune response has not been investigated but merits further

consideration. It is plausible that a number of patients with

CIAP may have an immune mediated neuropathy.
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Pathological findings

No cellular infiltration or vasculitis was observed in nerve

biopsies from a case series of CIAP published in 1993 by

Sobue et al. [48].

Teunissen et al. investigated the endoneurial vessels in

sural nerve biopsies of 18 patients with CIAP [49]. Basal

lamina area thickness, endoneurial cell area and number of

endothelial cell nuclei in CIAP were increased in com-

parison to hereditary neuropathy patients, with the basal

lamina area thickness being in the same range as diabetic

neuropathy. The structure of the basal lamina area in CIAP

differed compared to diabetic neuropathy, with larger

number of lamellae in the latter group, but with increased

collagen in CIAP. In CIAP patients with peripheral vas-

cular disease, basal lamina area thickness was increased

and it was therefore suggested that ischemia may play a

part in the development of the neuropathy [49].

In 2002, Kelkar et al., reviewed the findings from sural

nerve biopsies from 11 patients with sensory-predominant,

painful CIAP [47]. Four patients (36.4 %) had large

perivascular mononuclear inflammatory infiltrates ([50

cells) when another four (36.4 %) had smaller infiltrates

(10–20 cells). Similarly, Eurelings et al. compared the

presence of T cells in sural nerves of 23 patients with CIAP

and MGUS (12 IgM, 11 IgG), with 15 patients with CIAP

without MGUS [44]. T cells were found in all the nerve

biopsies. The sural nerves from seven patients (30 %) with

CIAP and MGUS showed increased T cells with one

biopsy showing evidence of previous necrosis of the vessel

wall with intimal proliferation and perivascular infiltration.

This along with the fact that some patients responded to

steroid treatment suggested that vasculitis might play a role

in the pathogenesis of some CIAP cases.

In contrast Vrancken et al., compared 12 CIAP patients

with 10 patients with vasculitic neuropathy and with 10

patients with idiopathic neuropathy of acute onset [50].

Vasculitis-associated findings of ischemic injury or

inflammation were found in 4/10 patients with progressive

idiopathic axonal neuropathy of acute onset, in all patients

with vasculitic neuropathy, but were absent in all patients

with CIAP [50]. Indeed most patients with a vasculitic

peripheral neuropathy are likely to have an asymmetrical

onset (mononeuropathy multiplex) and usually follow a

rapidly progressive course that would be atypical for CIAP.

Disability and quality of life

Although CIAP progress slowly it causes significant limi-

tations in daily activities. Besides known impairments of

muscle strength and sensation, CIAP patients also suffer

from fatigue [11, 51]. This combination markedly inter-

feres with their daily functioning [51].

Teunissen et al. study looking into quality of life in 57

CIAP patients used the RAND 36-item Health Survey

questionnaire (RAND-36) [52]. RAND-36 assesses eight

domains: physical and social functioning, role limitations

due to physical and emotional problems, pain, mental

health, vitality and general health perception. The authors

compared the CIAP patients to 33 patients with hereditary

neuropathy, with similar degree of impairment. They found

that the two groups differed only in the area of ‘‘vitality,’’

as the hereditary neuropathy patients were rated worse

despite their younger age. In total, patients had worse

scores than the reference population on all areas of the

RAND-36, except for role limitations due to emotional

problems. As expected, more affected patients rated lower

in physical and emotional areas [52].

Several studies using other validated instruments, such

as the SF-36 and the EQ-5D, have been used to compare

the quality of life of CIAP patients with the general pop-

ulation and all agree that overall, patients with CIAP have a

lower QOL compared to the general population [53, 54].

Although the differences were noted in all SF-36 areas in

the study of 42 CIAP patients conducted by Rudolph et al.

in 2009 [54], in a more recent study of 62 CIAP, Lindh

et al. did not find any difference in the mental health scores

between patients and controls [53].

Treatment

Intravenous immunoglobulin (IVIg), plasma exchange and

immunosuppression with steroids or cyclophosphamide

have been tried in very small series of patients with CIAP

with reported response in some [44, 55–58] and no

response in others [12]. Such reports are biased by the fact

that only patients with rapid progression and severe neu-

ropathy are likely to have been treated with such

immunotherapies and such patients are unlikely to have

CIAP. No randomised controlled trials have been per-

formed in CIAP patients [59].

The management largely, therefore, remains symp-

tomatic. Neuropathic pain in CIAP is usually better man-

aged [11] using published guidelines [60]. An open-label

study of lidocaine patch 5 % in 20 patients with painful

CIAP showed that the patch was well tolerated and

potentially effective [61].

Finally, the symptoms of the disease along with its

impact on the activities of daily living may lead to the

development of depression and therefore antidepressant

treatment and/or psychotherapy may prove to be helpful. In

a study, Schröder et al. showed that control perception

(person’s perception of ease or difficulty of performing

behavior) contributes to activity limitations and, therefore,

by increasing the patients’ perception of control, via

behavioral therapy, might enhance the patients’
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performance of daily activities, even without changes in

impairment [62].

Conclusion

To our knowledge, this is the first systematic review of

CIAP. This review indicates the following key points:

1. Research in CIAP is limited but on the rise. This is

exemplified in our data (Table 1), which shows that the

number of papers on CIAP since 2001 has already

almost doubled the number of papers on CIAP up until

2000, a period spanning over 15 years.

2. While initial studies on CIAP patients were uncon-

trolled and of cross sectional design, many are now

controlled and longitudinal.

3. Large-scale prospective studies using patients with

well-defined CIAP patients in whom all other causes of

neuropathy have been eliminated over an adequate

period of follow-up are needed, in order to better

understand the natural history both on clinical and

neurophysiological parameters.
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