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Clinical importance of F-waves as a prognostic 
factor in Guillain-Barré syndrome in children
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Purpose: A limited number of studies have examined the link between F-wave abnormalities and 
clinical presentation in pediatric Guillain-Barré syndrome (GBS). Therefore, this study examined the 
importance of F-wave abnormalities as a prognostic factor in pediatric GBS patients.
Methods: The records and electrodiagnostic studies (EDS) of 70 GBS patients were retrospectively 
evaluated, and divided into 2 groups according to the results of EDS. Group A (n=33) presented with 
F-wave abnormalities, and group B (n=26) exhibited normal findings. We compared laboratory reports, 
clinical features, response to treatment, and prognosis between the 2 groups.
Results: Motor weakness was the most frequently observed symptom for either group. Clinically, 
the incidence of fever and upper respiratory symptoms differed between the 2 groups, while the 
prevalence of abnormal deep tendon reflex (DTR) was significantly higher in group A than B (P<0.05). 
Patients diagnosed with GBS had received intravenous immunoglobulin treatment: 94% in group A and 
58% in group B. Furthermore, significantly greater numbers of patients in group A showed H-reflex 
abnormalities and poor prognosis compared with group B (P<0.05).
Conclusion: This study demonstrated that F-waves are a clinically important prognostic factor in 
GBS. F-wave abnormalities were associated with abnormal DTR and poor prognosis in patients. 
Limited studies have examined the link between F-wave abnormalities and clinical results; therefore, 
further randomized controlled studies are needed to confirm the clinical characteristics and efficacy of 
treatments.
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Introduction

Guillain-Barré syndrome (GBS) is a postinfectious disorder. The main features of GBS 
are its rapidly progressive bilateral and relatively symmetric weakness of the limbs. Severe 
cases have symptoms associated with involvement of the respiratory muscles or muscles 
innervated by the cranial nerves1).

GBS is a common acute postinfectious neuropathy with an annual incidence rate 
between 1.1 and 1.8 per 100,0002). The prognosis is relatively good. However ~25% of 
patients require artificial ventilation and 20% are still unable to walk unaided after 6 
months3). Clinical symptoms and laboratory findings play important roles in the diagnosis 
of GBS, and electrodiagnostic studies (EDS), which consist of electromyography (EMG) and 
nerve conduction studies, are used to classify different subtypes of the disease4).

An F-wave study is often used to measure nerve conduction velocity and is particularly 
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useful for evaluating conduction problems in the proximal 
region of nerves5). The name “ F-wave” is derived from the initial 
recordings, performed in the small muscles of the foot6). The F- 
wave is a compound action potential evoked by supramaximal 
antidromic stimulation of a motor nerve. The F-wave pathway 
involves antidromic excitation of all stimulated motor axons 
traveling to the spinal cord with reactivation of a small proportion 
of the anterior horn cell axon hillocks and orthodromic action 
potentials of one or more motor axons traveling to the muscle7). 
Few studies have examined the correlations between the pre-
sence of F-wave abnormalities and clinical course, response 
to treatment, and prognosis. We postulated that patients with 
abnormal F-wave findings have distinct clinical features, labo-
ratory findings, and prognoses. This study examined the clinical 
importance of F-wave abnormalities as a prognostic factor in 
pediatric GBS patients.

Materials and methods

1. Subjects
We retrospectively evaluated the medical records and EDS 

results of 70 GBS patients managed at the Departments of Pedi-
atrics, Yeungnam University Hospital and Kyungpook National 
University Hospital between January 2004 and December 2014.

The patients evaluated presented to the Department of Pedia-
trics with characteristic clinical features of GBS, i.e., motor weak-
ness, neuropathic pain, numbness, or gait disturbance. Most also 
had clinical features of infection or inflammation, such as fever, 
cough, rhinorrhea, vomiting, or diarrhea, before visiting the 
hospital. The patients were diagnosed as having GBS based on 
clinical features, cerebrospinal fluid (CSF) studies, identification 
of autoimmune antibodies, and EDS. Exclusion criteria were 
deficient medical records or diagnosis of other neuromuscular 
diseases, such as transverse myelitis, acute demyelination, and 
encephalomyelitis.

The patients were divided into 2 groups according to the re-
sults of EDS, including F-waves: group A consisted of subjects 
presenting abnormalities and group B consisted of those with 
normal findings.

We compared laboratory findings, clinical features until diag-
nosis, response to treatment, and prognosis between the 2 groups. 
Inability to walk after 6 months, presence of autonomic dys-
function, and use of a mechanical ventilator are poor prognostic 
factors, and we considered patients with more than one of these 
symptoms as having a poor prognosis2,3).

2. Laboratory findings
1) Autoantibodies, etc.
Blood cell count, erythrocyte sedimentation rate, and C-reactive 

protein levels were examined to evaluate infection and severity of 
inflammation. We sampled serum from GBS patients to identify 
autoantibodies, such as anti-GM1 and anti-GD1a antibodies.

2) CSF analysis
Analysis of CSF was performed to exclude other central ner-

vous system diseases, such as encephalitis, meningitis, and 
meningoencephalitis.

We measured white blood cell counts, glucose levels, and 
protein levels in the CSF. While some protein is normally present, 
an elevated level without an increase in the white blood cell 
count in the CSF may be indicative of GBS.

3. Electrodiagnostic study
1) Nerve conduction velocity
Nerve conduction velocity, i.e., the speed at which impulses 

travel through nerves, was examined using electrodes placed on 
the skin over peripheral nerves to measure the amount of time 
required for an impulse to travel between electrodes8).

The F-wave is a compound action potential evoked by supra-
maximal antidromic stimulation of a motor nerve. Prolonged 
F-wave latencies and the absence of an F-wave in nerves with a 
normal compound muscle action potential amplitude are highly 
specific for demyelination. Delayed latency or absence of F-waves 
differ depending on patient age9-12).

2) Electromyography
EMG was performed to measure the electrical activity of muscle 

fibers. The EMG test measures the electrical activity within muscle 
fibers by placing a needle electrode through the skin directly into 
the muscle and measuring the electrical activity of the muscle. 
It is usually performed in conjunction with nerve conduction 
velocity tests13).

4. Statistical analysis
Statistical analysis was performed using IBM SPSS ver. 18.0 

(IBM Co., Armonk, NY, USA). When a significant difference was 
found between groups, the chi-square and Fisher exact tests were 
used for pairwise comparisons. In all analyses, P<0.05 was taken 
to indicate statistical significance.

Results

A total of 70 children were diagnosed with GBS and underwent 
treatment at Kyungpook National University Hospital and 
Yeungnam University Medical Center between January 2004 
and December 2014. These children had symptoms of upper 
respiratory tract infection (URI) and acute gastroenteritis in ad-
dition to neurological symptoms, including motor weakness 
and neuropathic pain. Laboratory tests and a CSF examination 
were performed along with serological examinations, including 
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autoantibody tests. There were no differences between the normal 
and abnormal groups. EDS was performed to diagnose GBS. 
While EDS was conducted in 59 individuals, it was not conducted 
in the remaining 11 due to numerous reasons, such as favorable 
progress.

The patients were divided into 2 groups: group A consisted of 
33 subjects presenting with F-wave abnormalities, while group 
B consisted of 26 subjects with normal findings on F-wave 
studies. No response, delayed latency, decreased persistence, 
and low amplitude were considered abnormal F-wave findings. 
For H-reflex, 14 subjects in group A showed abnormal findings, 
whereas none in group B showed any abnormalities.

Data regarding age and gender of the children, period between 
clinical symptom onset and presentation to the hospital, and 
period between initial visit and examination in each group are 
presented in Table 1.

The most common clinical symptom in both groups was mo-
tor weakness, which was seen in 29 patients (88%) in group A 
and 24 patients (92%) in group B; the difference between the 2 
groups was not significant. The rates of upper respiratory symp-
toms, including fever, cough, and rhinorrhea, were also high in 
both groups. In addition, reduced deep tendon reflex (DTR) was 
also observed. The rates of fever, URI symptoms, and decreased or 
absent DTR were significantly higher in group A compared with 
group B (P<0.05).

Table 2 summarizes the clinical differences between groups A 
and B. 

The patients diagnosed based on the clinical symptoms and 
examination findings outlined above were given intravenous 
immunoglobulin (IVIG) treatment: 31 of 33 (94%) in group A and 
15 of 26 (58%) in group B. Ten patients among those given IVIG 
treatment in group A who underwent immunotherapy including 
two or more sessions of IVIG treatment as the first treatment 
did not show a sufficient treatment effect. Nevertheless, nine 
of these patients showed unfavorable progress, such as voiding 

dysfunction, enuresis, and inability to walk independently even 6 
months after treatment. 

The rates of H-reflex abnormalities and poor prognosis were 
significantly higher in group A than group B (P<0.05). Differences 
in the EDS findings, treatment, and prognoses between groups A 
and B are summarized in Table 3.

Discussion

GBS is a rapidly progressive motor disorder associated with an 
absence of reflexes. Sensory symptoms in the legs usually mark 
the onset of the disease, followed by rapidly progressive distal 
weakness that soon spreads proximally14). In typical cases, the first 
symptoms are pain, numbness, paresthesia, or weakness in the 
limbs. Weakness may affect all limb muscles equally, or predo-
minantly the distal or proximal muscles in the arms and legs. 
Patients show decreased or absent DTR, at least in the affected 
limbs.

This syndrome is a common postinfectious disorder, and sero-
logical studies have shown that Campylobacter jejuni, Epstein-
Barr virus, and Cytomegalovirus are the most frequent antecedent 
infections. Several reports have suggested associations of GBS 
with Mycoplasma pneumoniae, influenza, and varicella zoster 
viral infection14). Clinical and laboratory findings play important 
roles in the diagnosis of GBS2). Typically, the CSF shows increased 

Table 1. Clinical data and demographics for pediatric GBS patients 
according to the F-wave test

Variable
F-wave test

P value
Normal (n=26) Abnormal (n=33)

Age (mo) 68.80±51.90 56.27±37.16 0.270

Boys:girls 17:9 23:10 0.712

Duration after onset of symptoms
  (day)

  1st visit 1.84±1.43 4.53±4.47 0.812

  CSF examination 1.84±1.43 4.53±4.47 0.812

  EMG/NCV 2.00±1.64 4.57±4.46 0.789

Values are presented as mean±standard deviation or number. 
GBS, Guillain-Barré syndrome; CSF, cerebrospinal fluid; EMG, electromyo-
graphy; NCV, nerve conduction velocity.

Table 2. Clinical features of pediatric GBS patients according to the 
F-wave test

Variable
F-wave test

P value
Normal (n=26) Abnormal (n=33)

Fever   7 18 0.039

Respiratory tract infection 10 26 0.003

Acute gastroenteritis   4   5 0.980

Motor weakness 24 29 0.685

Pain   5 13 0.095

Abnormal DTR   7 19 0.019

Vaccination   4   2 0.390

EDS, electrodiagnostic study; DTR, deep tendon reflex.

Table 3. Association of additional EDS findings, treatment and prognosis 
with F-wave abnormalities according to the F-wave test

Variable
F-wave test

P value
Normal (n=26) Abnormal (n=33)

Abnormal H-reflex   0 14 0.000

IVIG treatment 15 31 0.001

Steroid treatment    3   5 1.000

Poor prognosis   1   9 0.032

EDS, electrodiagnostic study; IVIG, intravenous immunoglobulin.
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protein levels with a normal CSF white cell count. A common 
misunderstanding is that CSF protein levels are always increased 
in GBS; CSF protein concentrations in patients with GBS are 
often normal the first week, but increase in more than 90% of pa-
tients by the end of the second week1).

Although these findings are important for diagnosis, EDS is 
the basis of classification of the different disease subtypes. EDS, 
which usually provides the first evidence of demyelination and is 
often the only positive evidence among other laboratory tests, is 
very important for demyelinating polyneuropathy15). In addition, 
EDS can guide clinicians in predicting the prognosis of patients 
with GBS4). Early in the course of the syndrome, assessments 
frequently show small action potentials, prolonged distal motor 
latency, delayed F-waves, and a conduction block. Occasionally, 
the results of the first study are normal, and a repeat study is 
required to document a peripheral nerve disorder14).

F-wave studies are often used to measure nerve conduction 
velocity and are particularly useful for evaluating conduction 
problems in the proximal regions of nerves. The F-wave is a com -
pound action potential evoked by supramaximal antidromic sti-
mulation of a motor nerve16).

The absence or slowing of F-waves may be an isolated conduc-
tion abnormality, especially during the early stages of illness17). If 
analyzed correctly, the F-wave is the most sensitive and reliable 
nerve conduction study for evaluating polyneuropathies, and 
it can be abnormal in focal proximal nerve dysfunction, can be 
used to evaluate radiculopathy, and can provide a meaningful 
physiological window into disorders of the central nervous 
system18).

The treatment of choice for GBS is IVIG or plasmapheresis. 
Plasma exchange (PE) is beneficial when applied within the first 
4 weeks after onset, but the greatest effect is seen when started 
early within the first 2 weeks1). Van Doorn et al.3) published the 
first randomized controlled trials on the use of IVIG in 1992 and 
showed that IVIG is as effective as PE. Recently, IVIG has replaced 
PE as the preferred treatment in many centers, mainly because of 
its greater convenience and availability.

The prognosis of GBS is generally favorable2). However, ap-
proximately 25% of patients require artificial ventilation, and 
20% are still unable to walk unaided after 6 months3). Despite 
the demonstrated efficacy of PE and IVIG, GBS remains a dis-
abling disease in a significant proportion of patients, and these 
treatments have not improved the mortality rate2).

To date, there have been few studies on the relationship 
between patients’ clinical characteristics and F-wave results. A 
number of studies related to the poor prognostic factors of GBS 
have been conducted recently. Advanced age, higher disability 
score at the time of presentation, diarrhea, and mechanical ven-
tilation were reported to be unfavorable prognostic factors3). 
Furthermore, the prognosis may be predicted by determining the 

degree of peripheral nerve injury based on the EDS results. This 
retrospective study was performed to investigate the differences 
in terms of clinical characteristics, progression, and prognosis 
between patients with abnormal F-wave results and the normal 
group, and this had clinical significance as there have been few 
studies regarding this issue to date.

Fisher18) reported that F-wave studies are most sensitive in 
detecting acquired demyelinating polyneuropathies, in which 
they may be quite prolonged, but F-waves are far less sensi-
tive than are EMG studies for assessing motor involvement. F- 
wave studies were also useful for diagnosing demyelinating 
polyneuropathies in this study, and the group with abnormal 
F-wave findings was confirmed to show a significantly poorer 
prognosis than that of the normal group. However, F-waves and 
EMG were not compared to verify which one is more useful based 
on motor involvement. Therefore, further studies are required.

This retrospective study was performed in children who visited 
tertiary hospitals located in the Daegu and Kyungpook region, 
were diagnosed with GBS, and underwent treatment between 
January 2004 and December 2014. This study had a limitation 
in that the initial examination and treatment were performed 
at other hospitals before referral to the 2 participating centers. 
In addition, many patients exhibited clinical symptoms severe 
enough to require a visit to a tertiary hospital.

Diagnosis of GBS requires consideration of clinical features as 
well as a CSF exam and EDS. The “albuminocytological disso-
ciation” of CSF can be confirmed by examining the CSF, and 
demyelination or axonal damage can be confirmed by EDS only 
when the examination is performed approximately 2 weeks after 
the onset of clinical features1).

Time points for the CSF and EDS examinations were not 
standardized. Especially, 11 of 70 children who visited hospitals 
did not undergo EDS, as they showed favorable clinical progress. 
Moreover, the CSF examinations and EDS were conducted rela-
tively quickly, usually within 1 week after the onset of clinical 
features in most cases. In addition, examination of the presence 
of autoantibodies was not conducted uniformly. The time differ-
ence in the EMG/NCV examinations between the normal and 
abnormal groups was not significant (P=0.789). In the future, 
we need to control the timing of the examinations prospectively, 
and serial examinations will be meaningful to confirm statistical 
significance.

In most cases, GBS is a postinfectious disorder that presents 
with motor weakness after the onset of symptoms, including 
fever, URI symptoms, and acute gastroenteritis symptoms. Many 
cases in the group presenting with abnormal F-waves with pre-
ceding fever and URI symptoms exhibited significantly de creased 
or absent DTR, and this group was more likely to show a poor 
prognosis compared with the normal group. 



275http://dx.doi.org/10.3345/kjp.2016.59.6.271

Korean J Pediatr 2016;59(6):271-275

Conflict of interest

No potential conflict of interest relevant to this article was 
reported.

Acknowledgments

This research was supported by a grant from the Chunma 
medical research foundation, Korea, 2015,  and Basic Science 
Research Program through the National Research Foundation 
of Korea (NRF) funded by the Ministry of Education (NRF-
2014R1A1A2060062).

References

 1. van Doorn PA, Ruts L, Jacobs BC. Clinical features, pathogenesis, 
and treatment of Guillain-Barré syndrome. Lancet Neurol 2008; 
7:939-50.

 2. Rajabally YA, Uncini A. Outcome and its predictors in Guillain-
Barre syndrome. J Neurol Neurosurg Psychiatry 2012;83:711-8.

 3. van Doorn PA, Kuitwaard K, Walgaard C, van Koningsveld R, 
Ruts L, Jacobs BC. IVIG treatment and prognosis in Guillain-Barré 
syndrome. J Clin Immunol 2010;30 Suppl 1:S74-8.

 4. Yadegari S, Nafissi S, Kazemi N. Comparison of electrophysiolo-
gical findings in axonal and demyelinating Guillain-Barre syn-
drome. Iran J Neurol 2014;13:138-43.

 5. Wang FC, Massart N, Kaux JF, Bouquiaux O. F-waves. Rev Neurol 
(Paris) 2011;167:938-44.

 6. Bischoff C. Neurography: late responses. Muscle Nerve Suppl 
2002;11:S59-65.

 7. Alemdar M. Value of F-wave studies on the electrodiagnosis of 
carpal tunnel syndrome. Neuropsychiatr Dis Treat 2015;11:2279-
86.

 8. Reed TE, Vernon PA, Johnson AM. Sex difference in brain nerve 
conduction velocity in normal humans. Neuropsychologia 2004; 
42:1709-14.

 9. Parano E, Uncini A, De Vivo DC, Lovelace RE. Electrophysiologic 
correlates of peripheral nervous system maturation in infancy and 
childhood. J Child Neurol 1993;8:336-8.

 10. Maguire HC, Sladky JT. Diagnosis and management of diseases 
affecting the motor unit in infancy. R I Med J 1989;72:361-6.

 11. Lachman T, Shahani BT, Young RR. Late responses as aids to diag-
nosis in peripheral neuropathy. J Neurol Neurosurg Psychiatry 
1980;43:156-62.

12. Nadeem AS, El-Yassin DI, Al-Ani F. Analysis of F-wave parameters 
in normal infants and children. Ann Saudi Med 2002;22:181-5.

13. Rainoldi A, Melchiorri G, Caruso I. A method for positioning 
electrodes during surface EMG recordings in lower limb muscles. J 
Neurosci Methods 2004;134:37-43.

14. Winer JB. An update in guillain-barré syndrome. Autoimmune Dis 
2014;2014:793024.

15. Chang SJ, Lee JH, Kim SH, Lee JS, Kim HD, Kang JW, et al. Chronic 
inflammatory demyelinating polyneuropathy in children: a report 
of four patients with variable relapsing courses. Korean J Pediatr 
2015;58:194-8.

16. Mesrati F, Vecchierini MF. F-waves: neurophysiology and clinical 
value. Neurophysiol Clin 2004;34:217-43.

17. Kuwabara S, Ogawara K, Mizobuchi K, Koga M, Mori M, Hattori T, 
et al. Isolated absence of F waves and proximal axonal dysfunction 
in Guillain-Barré syndrome with antiganglioside antibodies. J 
Neurol Neurosurg Psychiatry 2000;68:191-5.

18. Fisher MA. F-waves: physiology and clinical uses. Scientific World 
Journal 2007;7:144-60. 


