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Abstract

The prevalence of chronic polyneuropathy will increase due to the aging popula-

tion, and therefore, it becomes ever so important to optimize the diagnostic pro-

cess. However, it is uncertain which blood tests are required and when nerve

conduction studies (NCS) should be done in the workup of chronic polyneuropa-

thy. We aimed to investigate the methodology used to develop national poly-

neuropathy guidelines and to provide an overview and strength of evidence of

the recommendations. We searched PubMed and websites of national neurologi-

cal associations as listed on the website of the World Federation of Neurology to

identify national guidelines pertaining to the workup of chronic polyneuropathy

by neurologists in an outpatient clinic setting. We identified three national guide-

lines in the United States and seven national guidelines in Denmark, France,

Germany, the Netherlands, Norway, Spain, and Turkey. The methodology used to

develop the guidelines differed greatly. All guidelines recommend a series of

blood tests. Some guidelines advise to conduct NCS in all patients, while other

guidelines advise to conduct NCS when certain symptoms are present. There is

variation in recommendations about the extensiveness of NCS, but all mention

measuring the sural nerve and the motor peroneal nerve. The evidence for the

recommendations is graded as low. Despite some overlap, there are disparities

between guidelines regarding the workup that is advised to do in patients with

chronic polyneuropathy. It remains unclear which combination of blood tests are

to be strongly recommended. Furthermore, it is undetermined whether NCS are

always necessary.
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1 | INTRODUCTION

The overall prevalence of patients with polyneuropathy has been esti-

mated at 4% in the general population, and in persons aged 80 years

or older, this increases up to 13%.1,2 The number of patients with

polyneuropathy is expected to increase due to the aging population

and rising prevalence rates of known risk factors for polyneuropathy

such as diabetes, obesity, and cardiovascular disease.1–7

History taking and neurological examination are essential and the

first and most important steps when evaluating patients with sus-

pected polyneuropathy. To identify causes and risk factors for poly-

neuropathy, neurologists commonly perform additional blood tests,

and nerve conduction studies (NCS) are done to confirm the clinical

diagnosis or to classify the polyneuropathy as axonal or demyelinat-

ing.8,9 In view of present-day limitations in healthcare resources and

expenditures as opposed to the growing number of patients with

polyneuropathy, it becomes ever so important to optimize this diag-

nostic process.

A routine extensive workup to uncover any potential cause of

chronic polyneuropathy results in redundant and costly tests, and in

many patients, a reliable and expedient diagnosis could probably still

be made with a limited or protocolled workup.10–15 Uncertainty

remains about which investigations are necessary to perform in daily

practice, which prompts the question which national polyneuropathy

guidelines exist, how they have been developed, and what differences

or similarities are present across those guidelines regarding the

workup regarding blood tests and NCS?

Therefore, we aim to provide an overview of recommendations

for blood tests and NCS in national chronic polyneuropathy guidelines

from different countries. We will summarize the methodology used to

develop these guidelines and include the strength of evidence of rec-

ommendations. The findings serve as a starting point to identify and

address knowledge gaps on what constitutes an appropriate and cost-

effective workup of chronic polyneuropathy in the outpatient clinic by

neurologists.

2 | METHODS

We focused on guidelines for chronic polyneuropathy developed on

behalf or endorsed by of national neurological associations, because we

considered these as most representative for daily practice and are most

likely to be adhered to by the professional neurologists' communities in

countries. We did not include expert opinions papers, including reviews

or systematic reviews on workup of chronic polyneuropathy, as it is

unclear if these are widely used by neurologists in daily practice, in con-

trast to national guidelines. To identify national guidelines used in the

outpatient clinic by neurologists we followed the steps described below.

1. We searched PubMed with the following search terms and no

restrictions for publication year: (polyneuropathies OR polyneuro-

pathy OR neuropathies OR neuropathy) AND (guideline) OR

(diagnosis).

2. We consulted websites of national neurological associations as

listed on the website of the World Federation of Neurology.16 We

consulted the guideline reference center of the European Academy

of Neurology.17

3. If guidelines were not available on the website of the national neu-

rological association or if there was no website, we contacted

neurological associations by email to obtain guidelines.

Because not all guidelines were written in English, we used an

online translation tool (Google Translate). We evaluated the method-

ology used to develop the national guidelines, summarized the recom-

mendations and their strength of evidence. We focused on the

workup of chronic polyneuropathy, which we defined as presence of

distal symmetrical symptoms with slow onset and evolution in months

and absence of alarm symptoms. Alarm symptoms were defined by

the progression of symptoms in weeks to 6 months resulting in walk-

ing problems or limitations of motor function in the arms, asymmetric

or non-length distribution of symptoms, pure motor or motor domi-

nant symptoms, ataxia, autonomic symptoms, and severe neuropathic

pain. We did not consider guidelines on small fiber neuropathy or

those on specific polyneuropathies (such as chronic inflammatory

demyelinating polyradiculoneuropathy or Guillain-Barre syndrome).

3 | RESULTS

Our search strategy identified 10 different national guidelines in eight

countries.

We identified

1. With PubMed; four guidelines in France and the United States.

In the United States; one guideline for blood tests and two

for NCS.

2. Via websites of national neurological associations; four guidelines

in Germany, the Netherlands, Spain, and Turkey.

3. After contacting 115 national neurological associations by email,

we identified:

a. Two guidelines in Denmark and Norway.

b. Representatives from 34 countries reported to have no national

guideline, and 79 countries did not respond.

For a schematic representation of identifying the national guide-

lines, see Figure 1.

3.1 | Development of guidelines

A summary of the methodology used to develop the guidelines is

given in Table 1. The American and Dutch guidelines describe

methods used to develop the guideline and provide levels of strength

to corroborate their recommendations. The other guidelines do not

provide development methods and levels of strength with the

recommendations.
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3.2 | Denmark18

The Danish guideline is developed by the Danish neurological associa-

tion and is maintained by a steering committee consisting of represen-

tatives of the Danish Neurological Society (DNS), Danish Nurses

Organization (DNO), and Young Neurologists, Neurosurgeons and

Neurophysiologists (YNNN). They strive to update the guidelines

yearly. No clear details are given on the methods used for the guide-

line development.

3.3 | France19

The work group consists of doctors specialized in neurology, neurope-

diatric, neurophysiology, family medicine, diabetes/diabetology, rheu-

matology, and infectious diseases. A systematic literature search was

performed in Medline, Embase, and Pascal. Other sources such as the

Cochrane Library were used. The degree of evidence for the recom-

mendations was ranked based on the type of research. When there

was no literature available, the recommendation was based on con-

sensus within the work group.

3.4 | Germany20

The authors of the German guideline were selected by the guideline

commission of the German neurological association. The authors per-

formed a literature search using different electronic databases

(PubMed, Embase, Cochrane Library, and DIMDI search), which

resulted in 127 relevant articles. The DELPHI method was used to

reach a consensus about recommendations.

3.5 | Netherlands21

A work group of neurologists and patient representatives created

the Dutch guideline in adherence with the requirements of the

AGREE II instrument, by constructing clinical research queries

with the population/intervention/comparison/outcome (PICO)

question. A systemic literature analysis was conducted in Med-

line, PubMed and Embase database. To assess the risk of bias,

the A Cochrane Risk Of Bias Assessment Tool: for Non-

Randomized Studies of Interventions (ACROBAT-NRS) method

was used for observational studies and the Quality Assessment of

Diagnostic Accuracy Studies II (QUADAS II) method for diagnostic

studies. Evidence was assessed with the Grading of Recommen-

dations, Assessment, Development, and Evaluation (GRADE)

method.

3.6 | Norway22

The guidelines used by Norwegian neurologists are edited by two

neurology professors, who performed a PubMed search and gath-

ered relevant articles. They strive to update the guidelines every

year. No details are reported about systematic assessment of risk

of bias.

3.7 | Spain23

The guideline of the Spanish neurological association consists of

an algorithm for diagnosing patients with chronic polyneuropa-

thy. The algorithm was constructed by a study group of

F IGURE 1 Identification of national polyneuropathy guidelines.
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neurologists specialized in neuromuscular disorders. No details

are provided on the methods used for the guideline

development.

3.8 | Turkey24

The guideline of the Turkish neurological association is published by

the faculty of medicine of the Gazi university. Professors of neurology

of different universities in Turkey contributed to the guideline. No

details are stated about guideline development methods.

3.9 | United States25–27

Regarding the guideline on blood tests, a systematic literature search

was conducted by a panel of experts and the relevant literature was

assessed by the same panel. The expert panel consisted of 19 physicians

with representatives from the American Academy of Neurology (AAN),

the American Academy of Neuromuscular and Electrodiagnostic Medi-

cine (AANEM), and the American Academy of Physical Medicine and

Rehabilitation (AAPM&R) with comprehensive experience and knowl-

edge in polyneuropathy. The risk of bias was graded using the diagnostic

test classification-of-evidence scheme. To determine the strength of

recommendations, the panel used the AAN method, a stepwise process

for developing guidelines using evidence-based medicine methodology.

Regarding the guidelines on nerve conduction studies, no details are

reported on the methods used for the guideline development.

3.10 | Guideline recommendations

An overview of recommendations from the different guidelines is

given in Tables 2 and 3. Below, we made a distinction between guide-

lines where methods and levels of strength are described versus

guidelines which provide no details about development.

3.11 | Blood tests

3.11.1 | Strong guideline development methods

The American and Dutch guideline recommend testing fasting glu-

cose, hemoglobin, leukocytes, platelets, erythrocyte sedimentation

rate (ESR), vitamin B12, folic acid, alanine aminotransferase (ALAT),

creatinine, thyroid-stimulating hormone (TSH), and paraprotein. The

Dutch guideline also advises to test HbA1c, Vitamin B1 and B6, while

the American guideline recommends testing for functional vitamin

B12 deficiency by determination of methylmalonic acid and homocys-

teine. The recommendations from the American guideline are rated at

level C, which is the lowest level of recommendation. The Dutch

guideline provides no level of recommendation but rate the evidential

value as low.

3.11.2 | No details stated about guideline
development methods

The Danish, French, German, Norwegian, and Spanish guidelines rec-

ommend testing fasting glucose, hemoglobin, leukocytes, platelets,

ESR or CRP, gammaGT, ALAT, creatinine, and TSH. HbA1c, B12, and

paraprotein testing are recommended by all guidelines, except the

French guideline. Immunoglobulin levels (IgG, IgA, and IgM) are

recommended by the Danish guideline, and testing for transferrin is

recommended by the French guideline. The Danish and Norwegian

guidelines additionally advise to test for CK. The Danish, Norwegian,

and German guidelines recommend testing of electrolytes, without

further specification. The Turkish guideline does not recommend a

standard set of blood tests but lists a large range of possible

blood test.

3.12 | Nerve conduction studies (NCS)

3.12.1 | Strong guideline development methods

In the American guideline, the recommendation to conduct the NCS

is based on the expected diagnostic yield when diagnosing patients

with chronic polyneuropathy. When a high diagnostic yield is

expected, it is described in Table 3. Diagnostic yield is expected to

be low when (1) symptoms and physical findings are mild, (2) findings

are symmetric, distal, predominantly sensory, (3) there is a known

cause, and (4) there is little suspicion of a coexisting nerve disorder.

It is recommended to perform a thorough clinically history and

physical examination in deciding whether to conduct NCS or not.

The Dutch guideline recommends conducting NCS in all patients

with an unclear cause or when alarm symptoms are present, such as

a rapid onset or ataxia, whereas NCS is not necessary in patients

with a symmetrical sensory polyneuropathy limited to the legs or a

characteristic distal symmetric polyneuropathy consistent with the

underlying cause.

The American and Dutch guidelines advise to perform sensory

NCS of the sural nerve and motor NCS of the peroneal nerve. The

American guideline advises to start with sural and peroneal motor

nerve recording in one lower extremity and to perform additional

NCS. Measurements of upper extremity nerves are recommended by

the Dutch guideline. Table 3 provides a more detailed indication

description regarding recommendations on NCS. The GRADE level,

assigned by the Dutch guideline for the recommendation of conduc-

tion of NCS, was low.

3.12.2 | No details stated about guideline
development methods

The Danish guidelines recommends conducting NCS in all patients

with an unclear cause not discovered by blood tests or when red flags

are present, such as a rapid onset, ataxia, or familial predisposition to

WIERSMA ET AL. 387



polyneuropathy. NCS is not considered necessary by the French

guideline in patients with a symmetrical sensory polyneuropathy lim-

ited to the legs or a characteristic distal symmetric polyneuropathy

consistent with the underlying cause. The German, Norwegian, Span-

ish, and Turkish guidelines advise NCS for every patient suspected of

polyneuropathy.

The French and German guidelines advise to perform sensory

NCS of the sural nerve and motor NCS of the peroneal nerve. The

Danish, Norwegian, Spanish, and Turkish guidelines give no specific

recommendations on which nerves to investigate. Measurements of

upper extremity nerves are recommended by the German and French

guideline. The German guideline provides an overview of nerves

which should be measured, but without a specified order. The French

guideline recommends bilateral measurement of sural, median, pero-

neal, and tibial nerves. Table 3 provides a more detailed indication

description regarding recommendations on NCS.

3.13 | Genetic testing

3.13.1 | Strong guideline development methods

The American guideline recommends genetic testing if a patient pre-

sents with a cryptogenic and classic hereditary neuropathy type. The

TABLE 2 Suggestions of blood tests.

Guidelines

Blood tests
Denmark
(2022)

France
(2007)

Germany
(2019)

Netherlands
(2019)

Norway
(2022) Spaina Turkey (2006)

United
States (2009)

Fasting glucose,

HbA1c

Yes Fasting

glucose

HbA1c Yes Yes Yes. If

normal,

oral

glucose

tolerance

test

If indicatedb Fasting

glucose.r
If normal, oral

glucose

tolerance test

Blood count (Hb,

leukocytes,

erythrocytes,

platelets)

Hb,

leukocytes,

platelets

Yes Yes Yes Hb,

leukocytes,

platelets

Yes If indicatedb Yes

Liver function

(GammaGT,

ALAT)

Yes Yes Yes Yes Yes Yes If indicatedb Yes

Kidney function

(creatinine, eGFR)

Creatinine

+ urea

Yes Yes Yes Yes Yes If indicatedb Yes

TSH Yes Yes Yes Yes TSH and T4 Yes If indicatedb Yes

Inflammation

(CRP, ESR)

CRP Yes Yes ESR CRP ESR If indicatedb Yes

Vitamin B1, B6,

B12, folic acid

Yes No B12 Yes B12 B12 B12 if indicatedb B12r and folic

acid

Paraprotein Yes No Yes Yes Yes Yes If indicatedb Yesr
Other IgG, IgA,

IgM,

rheumatoid

factor-IgM,

electrolytes,

CK

Transferrin Electrolytes No Electrolytes,

CK, Urine:

free light

chain, if

normal free

light chain

serum

CT-

thorax

If indicated;b urea,

nitrogen, urine

analysis, chest X-ray,

CT-thorax, CT-

abdomen, serological

tests,c cryoglobulin,

CSF, skin biopsy,d

ACE, heavy metal

analysis, treponema

pallidum anti-bodies,

quantitative sensory

tests, MRI (cranial,

spinal, etc.)

Homocysteine,

methylmalonic

acidr

Abbreviation: r, highest yield.
aYear of publication unknown.
bThe Turkish guideline has no standard set of blood tests to perform, but all these tests can be performed when deemed necessary by treating physician.
cAnti-ganglioside antibodies, anti-HIV, anti-hu, anti-MAG, ANA, Rheumatoid factor, ANCA, anti-La, anti-Ro, CMV, EBV, hepatitis B and C.
dParaffin sections, teasing, immunohistochemistry, electron microscopy, confocal microscopy.
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strength assigned for this recommendation is level C. The Dutch

guideline makes no specific recommendations about genetic testing.

3.13.2 | No details stated about guideline
development methods

The German guideline recommends conducting genetic testing when

there is a positive family history of polyneuropathy or if there are typ-

ical signs (pes cavus/arched feet, hammer toes) of a hereditary neu-

ropathy. The French, Danish, Norwegian, Spanish, and Turkish

guidelines make no specific recommendations about genetic testing.

The overlapping recommendations of all guidelines, irrespective of

methods of guideline development, for blood tests and NCS are out-

lined in Table 4.

4 | DISCUSSION

Notwithstanding low- to poor-quality evidence and low grade levels

of recommendations, guidelines on the workup of chronic poly-

neuropathy overlap in recommending blood tests fasting glucose,

hemoglobin, leukocytes, platelets, liver (GGT, ALAT) and kidney

function (creatinine), vitamin B12, TSH, inflammation parameters

(ESR or CRP), and paraprotein. Regarding NCS, these are not

addressed in every guideline and recommendations range from per-

forming NCS in every patient to only in patients with alarm symp-

toms or if the yield is expected to be high. Guidelines that include

NCS all recommend investigation of the sural nerve and peroneal

motor nerve.

A workup limited to the overlapping recommendations raises the

question if this would suffice to reliably establish the etiology and

diagnosis. Studies have shown that in two thirds of patients with a

new diagnosis of chronic polyneuropathy, the etiology of polyneuro-

pathy was discovered based on medical history before diagnostic test-

ing.14 The most frequent etiologies of chronic polyneuropathy in

patients investigated in outpatient neurology clinics, as well as in a

population study, are diabetes, excessive alcohol consumption, and an

equal proportion of patients with no apparent etiology and are classi-

fied as idiopathic or cryptogenic polyneuropathy.2,28 Based on the fre-

quency of etiologies, testing fasting glucose and HbA1c in patients

without a known etiology will likely be the most useful. Other blood

tests, such as vitamin B12, TSH and paraprotein, have a much lower

yield to reveal an underlying cause.10,13,14,29–31

A population-based study showed that 20% of newly diagnosed

polyneuropathy patients had more than one risk factor for polyneuro-

pathy.2 A retrospective hospital based study reported that in two

thirds of patients with multiple risk factors, diabetes was one of those

risk factors and was already known based on the medical history of

the patient.31 Another retrospective study showed that up to 53%

of patients with diabetes had multiple risk factors, which were either

discovered with history taking (toxic medication or excessive alcohol

consumption) or with extensive blood tests.32 These studies imply

that neurologists should be aware of additional risk factors in patients

known to have diabetes or another risk factor.

Studies on the usefulness of NCS showed conflicting results

regarding the contribution of NCS to the diagnosis and management

of polyneuropathy, as this ranged from 0.5% to 52%.10,14,33–35 The

different study populations and settings illustrate that NCS are most

contributory when referrals are made by non-neurologists and when

the study population is broad and diverse, but appear less contribu-

tory after neurological consultation with the clinical suspicion of a dis-

tal symmetric polyneuropathy with a known cause. NCS is probably

only beneficial in patients with atypical symptoms, but sufficient evi-

dence is lacking.15 The range of recommendations in national guide-

lines reflects these differences in the literature. Overall, there is a

tendency to define a selection of patients in which the yield of the

NCS is expected the highest to enhance the efficacy. Several studies

indicate that the sensory sural nerve and motor peroneal nerve are

the most sensitive to diagnose polyneuropathy, and this is reflected in

the overlapping recommendations of nerves to be examined according

to these guidelines.29,36–38

A single multinational guideline with a limited workup would

probably be feasible for countries with the same incidence of etiolo-

gies, irrespective of differences in health care systems of different

countries. Furthermore, since chronic polyneuropathy is such a com-

mon disease, a multinational guideline with a standardized approach

would also improve research purposes. Low- and middle-income

countries would probably benefit more from a national guideline

focused on the specific etiologies rather than a multinational

guideline based on studies performed in Western countries with dif-

ferent frequency of etiologies.

A limited workup would require a certain level of adherence to

guidelines by neurologists, and it is unclear whether this is attainable

in daily practice. For example, in the Netherlands, guideline adherence

is a regularly ascertained indicator of health care quality by the Dutch

neurological association during mandatory quality visitations nation-

wide in all neurological practices. We did not find studies about guide-

line adherence and/or monitoring in other countries, but even when

guideline adherence is low, a limited workup is possibly still more cost

effective without loss of diagnostic reliability.12 Moreover, a limited

workup likely would expose patients less frequently to hospital visits

and tests with less loss of productivity and, consequently, could result

in a positive effect on patients' opinion of experienced health care.

TABLE 4 Overlapping recommendations guidelines.

Most commonly
recommended blood
tests by all guidelines

Nerves recommended to be

tested by guidelines from
France, Germany, the Netherlands
and the United States

Glucose and/or HbA1c, blood

count (Hb, leukocytes and

platelets), kidney and liver

function (ALAT and GGT), TSH,

and inflammation parameters

(BSE or CRP)

Sensory: sural nerve.

Motor: peroneal nerve.
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There are several study limitations to consider. We managed to

mainly identify guidelines from European countries and the

United States as issued by national neurological associations, despite

contacting every neurological association affiliated with the World

Federation of Neurology. There may be even more differences with

guidelines from non-Western or low-income countries because of dif-

ferent prevalence's of various etiologies or risk factors. Recommenda-

tions for blood tests are mainly based on the prevalence of the

underlying etiology and we realize that the presented guidelines might

be less useful in those countries to optimize health care. It is certainly

possible that we did not identify all national chronic polyneuropathy

guidelines within the area we selected, as some guidelines might only

be accessible by members of the neurological association. By contact-

ing different neurological associations via email, we tried to gather as

many guidelines as possible. While expert opinion papers or system-

atic reviews may be used in daily practice by neurologists, we did not

include those because we presumed that during the guideline devel-

opment process by national neurological associations, these are used

as relevant literature on which the recommendations are based.

Since interpretation of the patient's history and neurological

examination are indispensable when evaluating patients with a sus-

pected chronic polyneuropathy and deciding about further tests, it is

unclear if these guidelines developed by neurological associations

would be sufficient for other physicians such as general practitioners

or internal medicine specialists without specifical neurological training.

In countries where patients with a suspected chronic polyneuropathy

are not always evaluated by a neurologist, a more extensive guideline

might be necessary to ensure a proper diagnosis. Of course, when

alarm symptoms are present, the treating neurologists or physicians

may perform the tests they deem necessary and thus deviate from

recommendations or guidelines.

General medical examination may be an important step when

evaluating patients with chronic polyneuropathy. Most of the guide-

lines do not mention this. Some guidelines however recommend addi-

tional examinations, such as a computed tomography (CT)–thorax, or

to examine patients for hepatomegaly, splenomegaly, and adenopa-

thy. We agree that unexpected findings from general medical exami-

nation could uncover rare potential risk factors for chronic

polyneuropathy. Therefore, we emphasize the importance of history

taking and general medical examination in patients with a chronic

polyneuropathy. This should also be considered when a possible mul-

tinational guideline will be developed.

Because the guidelines were written in the national languages, we

used online translation tools for languages other than Dutch or English

and may have missed some nuances. However, most of the guidelines

list recommendations or refer to tables that are stated explicitly.

In summary, there is an overlap between recommendations from

national chronic polyneuropathy guidelines, but all evidence is graded

as low, and it is not clear which blood tests should be used in the dif-

ferent populations of polyneuropathy patients. There are more varia-

tions in recommendations regarding NCS made by the guidelines, and

it remains unclear in which patients’ NCS have added value. Knowl-

edge gaps continue to exist about the necessary workup in patients

with chronic polyneuropathy that warrants further studies.
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