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Background: Extensive investigations are often performed to
reveal the cause of chronic polyneuropathy. It is not known
whether a restrictive diagnostic guideline improves cost
efficiency without loss of diagnostic reliability.
Methods: In a prospective multicentre study, a comparison
was made between the workup in patients with chronic
polyneuropathy before and after guideline implementation.
Results: Three hundred and ten patients were included: 173
before and 137 after guideline implementation. In all
patients, the diagnosis would remain the same if the workup
was limited to the investigations in the guideline. After
guideline implementation, the time to reach a diagnosis
decreased by two weeks. There was a reduction of 33% in the
number and costs of routine laboratory investigations/
patient, and a reduction of 27% in the total number of
laboratory tests/patient, despite low guideline adherence.
Conclusion: The implementation of a diagnostic guideline for
chronic polyneuropathy can reduce diagnostic delay and the
number and costs of investigations for each patient without
loss of diagnostic reliability. Continuous evaluation strategies
after guideline implementation may improve guideline
adherence and cost efficiency.

P
olyneuropathy has an estimated incidence of 25–200/
100 000 persons/year and a prevalence of up to about
5%.1–5 Extensive diagnostic investigations are usually

performed to reveal the cause of this disease.2 6–13 This
conventional approach implies a surplus of investigations,
diagnostic and therapeutic delay, and high costs. A standar-
dised or stepwise workup has been advocated,7 8 13–17 but the
number of investigations could probably be restricted.18 19 It is
not known whether a restrictive diagnostic guideline can be
implemented without loss of diagnostic reliability.

Our prospective study assessed whether the implementa-
tion of a restrictive diagnostic guideline resulted in the
preservation of diagnostic reliability, reduction in diagnostic
delay, and improved cost efficiency.

METHODS
Our study protocol was approved by the medical ethical
committees of the participating hospitals.

Study design and diagnostic guideline
Our study concerned a prospective multicentre evaluation of
the workup in chronic polyneuropathy before and after
guideline implementation between 1999 and the end of 2002
in five general hospitals and the University Medical Centre
(UMC) in Utrecht, the Netherlands.

Inclusion took place in two separate periods of six months’
duration with a follow up of six months for each patient.
During the first inclusion period and follow up, the
neurologists used their conventional diagnostic approach.
For the next period, a restrictive guideline (fig 1) was handed
to the neurologists after an informative meeting. Regular
visits by the principal investigator (AV) to the participating
hospitals for patient inclusion and data acquisition also
served to remind the neurologists to use the guideline.

The restrictive guideline was a modification of a previous
guideline with a comprehensive list of diagnostic investiga-
tions for polyneuropathy. The modification consisted of
excluding those investigations that, when carried out, did
not contribute to revealing the cause of chronic polyneuro-
pathy.18 Thus, the guideline was restricted to diagnose
common causes, and did not include infrequent causes, such
as folic acid and vitamin E deficiency, rare inborn metabolic
diseases, Friedreich’s ataxia, and other rare hereditary
disorders. Because we wanted to exclude patients for whom
the guideline would not apply,20 21 the guideline starts after
electrophysiological confirmation of polyneuropathy,
although many clinicians would order many of the investiga-
tions simultaneously. The guideline also included criteria for
demyelination and conduction block used in the UMC as
described elsewhere.22

Patient inclusion, data acquisit ion, and evaluation
Inclusion criteria were: (1) patients > 18 years old; (2)
symptoms and signs of polyneuropathy with a nadir after
three months; (3) electrophysiological confirmation of poly-
neuropathy; (4) workup in the outpatient clinic only; (5)
patients in general hospitals not previously investigated by
another neurologist, patients in the UMC not previously
investigated in a neuromuscular centre.

Relevant data were retrieved from the medical records. The
costs of the investigations were calculated with the tariffs (in
Euros) issued by the college for health insurances in the
Netherlands.

There were two outcome measures before and after
guideline implementation. (1) Diagnostic reliability. (a)
Guideline adherence, and evaluation of whether diagnoses
could be retained when considering only the results of the
investigations in the guideline (diagnoses by the neurologist
were taken as the golden standard). (b) Agreement between
the electrophysiological classification of the polyneuropathy
(demyelinating or axonal) by the neurologists and that using
the guideline criteria (guideline criteria for demyelination
and conduction block served as the golden standard). (2)
Cost efficiency. (a) Diagnostic delay: number of visits, time
until diagnosis, and proportion of patients referred to a

Abbreviations: CI, confidence interval; UMC, University Medical Centre
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neuromuscular centre. (b) Investigations: number and costs
of investigations.

Statistical analysis
The t test was used to compare normally distributed data and
the Mann-Whitney test for non- normally distributed data.
Proportions were compared with Fisher’s exact test. Two
sided significance was set at p ( 0.05.

RESULTS
Six hundred and fifty and 220 patients were evaluated
for chronic polyneuropathy in the five general hospitals
and the UMC, respectively. A total of 310 (36%) patients
met the inclusion criteria; 199 in the general hospitals (118

before and 81 after guideline implementation) and 111 in the
UMC (55 before and 56 after guideline implementation).

Adherence to the guideline was low (37 of 137 patients;
27%) and most (69%) patients in whom the workup was in
accordance with the guideline had diabetic polyneuropathy.
About one third of patients (111 of 310; 36%) had no relevant
medical history.

Diagnostic reliability
Because the frequencies of diagnoses were similar, the data
(table 1) were combined for all hospitals. However, more
patients with diabetic polyneuropathy (41%) were seen in the
general hospitals than in the UMC (10%).

Painful, progressive, asymmetry: 

– Vasculitic polyneuropathy

Determine: antinuclear antibodies

If necessary: SSA, SSB, aDNA,

rheumatoid factor, cryoglobulins

Consider: sural nerve biopsy

– Lyme disease/borreliosis

•

CAUSE
ESTABLISHED?

YES: Follow up,
no further ancillary

investigations

Known cause such as: diabetes mellitus, alcohol abuse, chronic renal insufficiency, medication

CLINICAL AND ELECTROPHYSIOLOGICAL DIAGNOSIS OF CHRONIC POLYNEUROPATHY  

CAUSE OF POLYNEUROPATHY NOT ESTABLISHED?
CONSIDER REFERRAL TO A NEUROMUSCULAR EXPERTISE CENTRE

NO: Further investigations based on electrophysiological classification of polyneuropathy  

If unknown determine: full blood count, sedimentation rate, glucose, creatinine, ALT, GGT, vitamins

Positive family history, foot deformities: 

– Charcot-Marie-Tooth disease type 1

   or X linked

– HNLPP

   Consider: DNA analysis

•

B1 and B12, serum protein immunoelectrophoresis, thyroid function (TSH, thyroxine)

DEMYELINATING POLYNEUROPATHY

No family history without foot deformities: 

– CIDP

– Paraprotein associated polyneuropathy

– Multifocal motor neuropathy

   If necessary: cerebrospinal fluid

   examination, screening for

   haematological malignancy

•

Positive family history, foot deformities: 

– Charcot-Marie-Tooth disease type 2

•

AXONAL POLYNEUROPATHY

Severe pure sensory, progressive, ataxia: 

– Paraneoplastic polyneuropathy

Perform: malignancy screening

(such as chest x ray, echography

abdomen, neuronal antibodies)

– Vitamin B6 intoxication/deficiency

•

Slowly or non-progressive with otherwise 

normal investigations: CIAP

•

Figure 1 Diagnostic guideline for
chronic polyneuropathy (nadir after
three months). ALT, alanine
aminotransferase; CIAP, chronic
inflammatory axonal
polyradiculoneuropathy; CIDP, chronic
inflammatory demyelinating
polyradiculoneuropathy; GGT,
c glutamyl transferase; HNLPP,
hereditary neuropathy with liability to
pressure palsies; SSA/B, Sjögren’s
syndrome antigen A/B; TSH, thyroid
stimulating hormone.
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In 25 patients, neurologists had overlooked the following
possible causes that would still have been identified by strict
guideline adherence: alcohol abuse (nine patients); vitamin B6
abuse (eight patients); chronic renal disease (three patients);
diabetes mellitus, hypothyroidism, and paraprotein-
aemia (two patients each); vitamin B12 deficiency and
medication (one patient each). In 15 of these patients a
diagnosis of idiopathic polyneuropathy was made. In all
patients in whom a conventional workup was done, the
diagnosis would not have changed if only the guideline
investigations were considered.

Except for one patient, the electrophysiological investiga-
tions in the general hospitals did not meet guideline criteria.
Reasons were: no control of skin temperature (95%), no
electromyographic investigation of the anterior tibial muscle
(40%), no conduction study of the sural nerve (24%), or no
conduction studies of the arms despite the presence of
symptoms (21%). Disregarding the temperature criterion,
agreement between the electrophysiological classifica-
tion made by the neurologists and that of the guideline
increased non-significantly: 76% before versus 86% after
guideline implementation (p = 0.35). In the UMC, all

electrophysiological investigations were performed according
to the guideline, with 100% concordance in classification
before and after guideline implementation.

Cost efficiency
Because separate analyses showed similar results, the out-
come measures of cost efficiency (table 2) were combined for
all hospitals.

After guideline implementation, the time to reach a
diagnosis decreased non-significantly by two weeks. Fewer
patients were referred from the general hospitals to a
neuromuscular expertise centre (14% before versus 3% after
guideline implementation; p = 0.003).

In one third of patients investigations were performed
repeatedly and, because the results were always the same,
these were non-contributive. After guideline implementation,
there was a significant reduction in the number and costs of
investigations for each patient for electrolytes and glucose,
haematological tests, and renal and liver function tests. Few,
yet costly, other laboratory investigations were performed for
each patient but none of these was contributive. Thus, there
was a significant reduction (27%; 95% confidence interval

Table 1 Diagnoses for all hospitals combined, before (173 patients) and after (137
patients) guideline implementation

Before After Difference* (95% CI) p Value

Diagnosis�
Diabetes mellitus 32% 26% — 0.21
Alcohol abuse 14% 6% — 0.02
Vitamin deficiency or abuse 6% 9% — 0.31
Chronic renal disease 2% 4% — 0.35
Medication or toxic 2% 3% — 0.70
Hypothyroidism 2% 3% — 0.70
Paraproteinaemia 9% 9% — 0.84
Hereditary neuropathy 3% 7% — 0.29
Autoimmune or systemic disease 4% 4% — 1.00
CIDP 2% 4% — 0.51
Malignancy 2% 3% — 0.70
Idiopathic 43% 49% — 0.36

Type of polyneuropathy
Axonal 57% 55% — 0.82
Demyelinating 13% 12% — 1.00
Not specified` 31% 33% — 0.71

Number of consultations/patient1 4 (1) 4 (2) 0.1 (20.3 to 0.5) 0.56
Time to diagnosis/patient (months)1 3.5 (2.4) 2.7 (2.5) 20.4 (21.0 to 0.1) 0.15
Repeated investigations 30% 34% — 0.54

CI, confidence interval; CIDP, chronic inflammatory demyelinating polyradiculoneuropathy; UMCU, University
Medical Centre Utrecht.
*Mean difference for the number of consultations and the time to diagnosis; �multiple diagnoses possible; `all in
general hospitals, not in UMCU; 1mean (SD).

Table 2 Number and costs of investigations for all hospitals combined, costs before (173 patients) and after (137 patients)
guideline implementation

Test

Number of investigations/patient Costs (in J) of investigations/patient

Before After Difference* (95% CI) p Value Before After Difference* (95% CI) p Value

Electrolytes and glucose 3 (3) 2 (2) 242% (260% to 223%) , 0.01 4.43 (4.61) 2.46 (3.28) 243% (262% to 224%) , 0.01
Haematological tests� 4 (3) 2 (3) 237% (257% to 218%) , 0.01 4.71 (4.43) 2.98 (3.97) 237% (257% to 217%) , 0.01
Renal and liver function
tests

4 (4) 2 (3) 248% (268% to 229%) , 0.01 7.81 (7.84) 3.75 (5.93) 252% (272% to 232%) , 0.01

Vitamins 1 (1) 1 (1) 22% (229% to 24%) 0.87 8.29 (9.68) 8.13 (9.79) 22% (228% to 24%) 0.88
Endocrinological tests` 1 (0.8) 1 (0.7) 4% (229% to 37%) 0.80 3.54 (5.32) 3.67 (4.71) 4% (228% to 24%) 0.82
Other laboratory tests1 3 (4) 3 (4) 11% (212% to 33%) 0.35 55.14 (134.85) 63.45 (133.35) 15% (240% to 70%) 0.59
Electrophysiological
examinations�

1.8 (0.72) 2.0 (0.80) 14% (4% to 24%) 0.01 131.97 (54.93) 150.09 (59.62) 14% (4% to 23%) , 0.01

Values are mean (SD).
*Mean relative difference for the number and costs of investigations; �includes full blood count, indices, and erythrocyte sedimentation rate; `includes thyroid
funtion tests; 1includes immunological tests, neuronal antibody tests, serological tests, and cerebrospinal fluid investigations; �electromyography, nerve
conduction, and other neurophysiological investigations.
CI, confidence interval.
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(CI), 244% to 210%; p , 0.01) in the total number of
investigations for each patient after guideline implementa-
tion, but no reduction in the total costs. Because in the
general hospitals electromyographic investigations were more
often performed after guideline implementation (in 62%
versus 77% of patients; p = 0.01), there was an increase in
the number and costs of electrophysiological investigations.

After guideline implementation, the numbers and costs of
investigations for each patient were lower in patients
(n = 37) in whom the workup was according to the
guideline when compared with the other patients
(n = 100): the number of investigations was on average
reduced by 93% (95% CI, 78% to 107%; p , 0.01) and the
costs by 80% (95% CI, 41% to 118%; p , 0.01).

DISCUSSION
The workup of chronic polyneuropathy according to our
restrictive guideline seemed to have sufficient diagnostic
reliability and was more cost efficient, despite low guideline
adherence. The diagnoses for polyneuropathy remained
similar and no causes were overlooked. We hypothesise that
fewer causes of polyneuropathy are overlooked, because the
workup and evaluation of the results of the investigations
according to the guideline is more structured.

Guideline adherence was low and extensive investigations
were performed in most patients, yet the proportion of
patients with idiopathic polyneuropathy was high compared
with other studies.2 7–11 13 18 One reason could be that the
UMC is a tertiary referral centre where many patients with
idiopathic polyneuropathy are seen. Another reason could be
the lack of inquiry into drinking habits and family history of
polyneuropathy in general hospitals, even though alcoholic
and hereditary neuropathy are frequently overlooked causes
of chronic polyneuropathy.7 8 10 21

In the general hospitals, agreement on electrophysiological
classification increased after guideline implementation
because an incorrect diagnosis of demyelinating polyneuro-
pathy was made less often. Nonetheless, electrophysiological
investigations in the general hospitals were more valuable in
confirming the clinical diagnosis rather than distinguishing
accurately between a demyelinating and axonal polyneuro-
pathy. However, the perfect agreement in classification when
the electrophysiological guideline criteria are used and the
classification in the UMC suggest that proper application of
the guideline can distinguish a demyelinating from an axonal
polyneuropathy with sufficient reliability. In favour of this is
our finding that about one in 10 chronic polyneuropathies is
demyelinating, as reported previously.2 18

Diagnostic delay was somewhat shorter after guideline
implementation. More frequent application of the guideline
may further decrease diagnostic delay, the number and costs
of investigations, and the number of consultations. If there is
characteristic polyneuropathy with a common cause, a
diagnosis might even be established in one consultation,
without further investigations. In addition, a strict workup
according to the guideline may further reduce repeated and
costly investigations, which usually lack additional diagnostic
value.

The low guideline adherence in our study was also found
by others, and further improvement of cost efficiency
depends on effective guideline implementation and adher-
ence, ensured by stringent evaluations and feedback.23 Lack
of these could be an explanation for the limited cost
efficiency in our study. Although the neurologists had no
knowledge of the guideline before the implementation, their
conventional workup resembled that of the guideline in 40 of
173 (23%) patients, which could also account for the limited
cost efficiency. In addition, there may have been bias through
the Hawthorne effect. Because the neurologists knew that

their performance was being monitored this may have
changed their behaviour, which could have influenced the
impact of the guideline. A randomised study, a balanced
incomplete block design, or a controlled before and after
study would not have circumvented this problem.24

In conclusion, more rigorous evaluation strategies after
implementation may increase guideline adherence and
consequently improve cost efficiency without loss of diag-
nostic reliability.
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