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ABSTRACT

Introduction. Guillain-Barré syndrome (GBS) is an acute, postinfectious, immune-mediated polyneuropathy. It 
is classified into three basic forms: 1) acute inflammatory demyelinating polyneuropathy (AIDP); 2) axonal GBS, 
including acute motor axonal neuropathy (AMAN) and acute motor sensory axonal neuropathy (AMSAN); and 
3) Miller-Fisher syndrome, which presents with the triad of ophthalmoplegia, ataxia, and areflexia. Clinically, 
GBS is subdivided into classical (with a variable degree of flaccid tetraparesis; AIDP, AMAN, and AMSAN) and 
localised forms (eg, pharyngeal-cervical-brachial variant of GBS).
Objective. This study presents a historical review of the classical forms of GBS.
Development. By chronological order of publication, the article is organised into the following sections: 1) original 
descriptions of classical GBS and two related entities; 2) critical review of the complex histopathological substrate of 
GBS and the determinants of its dynamic variability; 3) contribution to diagnosis of neurophysiological, imaging, 
and biological testing; 4) epidemiological, prognostic, and therapeutic aspects; and 5) two final discussions on 
the overarching pathophysiological role of Ia afferent fibre dysfunction in early areflexia and on the nosological 
classification of the acute paralytic syndrome of the American president Franklin Delano Roosevelt.
Conclusion. This historical exploration of the nosology of classical GBS demonstrates the great advances in our 
understanding of this entity, although several matters remain controversial.

KEYWORDS

Ia afferents, corticosteroids, axonal degeneration, demyelination, endoneurial inflammatory oedema, Franklin 
Delano Roosevelt, spinal nerve, experimental autoimmune neuritis, Landry ascending paralysis, acute flaccid 
paresis, Guillain-Barré syndrome

History of Guillain-Barré syndrome
J. Berciano
Emeritus professor ad honorem. Universidad de Cantabria, Santander, Spain.
Former head of the Department of Neurology. Hospital Universitario Marqués de Valdecilla (IDIVAL), Santander, Spain.
Biomedical Research Network on Neurodegenerative Diseases (CIBERNED), Madrid, Spain.

Introduction

Before diving into this historical review of Guillain-Barré 
syndrome (GBS), it is worth commenting briefly on the 
current nosological framework with a view to clarifying 
semantic issues raised later.

GBS is an acute postinfectious, immune mediated 
polyneuropathy, encompassing three basic patterns1,2: 
1) acute inflammatory demyelinating polyneuropathy 
(AIDP); 2) axonal GBS, including acute motor axonal 

neuropathy and acute motor sensory axonal neuropathy 
(AMAN and AMSAN, respectively); and 3) Miller-
Fisher syndrome, which presents with the triad of 
ophthalmoplegia, ataxia, and areflexia. Clinically, GBS is 
subdivided into classical forms (with a variable degree of 
flaccid tetraparesis; AIDP and axonal GBS) and localised 
forms (eg, pharyngeal-cervical-brachial variant of GBS), 
whereas Miller-Fisher syndrome presents complete 
(ie, with the classical triad) and incomplete forms (eg, 
acute ataxic neuropathy).3 Half of patients with AMAN/

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.es
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AMSAN are seropositive for anti-GM1 or anti-GD1a 
antibodies; in Miller-Fisher syndrome, nearly all patients 
present anti-GQ1b antibodies. In AMAN/AMSAN, 
antiganglioside antibodies bind complement to the 
axolemma, attracting macrophages and generating a 
membrane attack complex, leading in turn to Wallerian 
degeneration.2 No specific antibodies have been 
detected in AIDP, and the mechanism of inflammatory 
demyelination is yet to be identified.

This article will focus on classical GBS, whose semiology 
is described in the first study of the syndrome.4 The 
article is divided into 11 sections, following the 
chronological order of publication; its content may 
be outlined as follows: 1) four sections on the original 
descriptions of the nosology of the syndrome; 2) a 
fifth section (with nine subdivisions) analysing the 
development of the syndrome’ s complex histopathology, 
the pathogenic role of inflammatory oedema in the very 
early stages, and the pathophysiological relevance of 
the blood-nerve barrier and perineurium; 3) the sixth, 
seventh, and eighth sections address neurophysiological, 
imaging, and biological testing; 4) the ninth section 
comments on epidemiological, aetiological, prognostic, 
and therapeutic considerations; and 5) the two final 
sections discuss particularly interesting aspects: the 
pathophysiology of early areflexia and the possible role of 
selective involvement of Ia afferents, and the nosological 
characterisation of the acute paralytic syndrome affecting 
US president Franklin Delano Roosevelt. 

Development

Original description of Guillain-Barré syndrome

At the 13 October 1916 session of the Medical Society of 
Hospitals of Paris, Guillain, Barré, and Strohl4 described 
the cases of two soldiers with acute paresis, who had 
been admitted to the neurological centre of the French 
Sixth Army in Amiens during the Battle of the Somme.

The first patient was a cavalryman, aged 25 years, 
who was hospitalised on 25 August 1916 due to 
progressive weakness and tingling sensation of the 
limbs, with onset at the beginning of that month. He 
had no history of disease. Physical examination revealed 

AIn fact, the Battle of the Somme has been referred to as the battle 
of the million dead (https://www.larazon.es/cultura/20200701/
nrpiizdm6zfz7hklezdreh6rde.html).

marked tetraparesis, generalised areflexia, and mild 
hypoaesthesia. The patient recovered rapidly and was 
discharged on 30 September.

The second patient was an infantry soldier, aged 35 
years, with an eight-day history of erratic limb pain and 
progressive weakness of all four limbs, starting in the 
legs. The authors’ eloquent description of the symptoms 
is as follows: “At 05:00 hours on the fourth day, he wished 
to leave with his comrades; he put on his uniform, but 
collapsed backwards and was unable to get up.”4 This 
patient also had no history of disease. The physical 
examination at admission, on 5 September 1916, 
revealed bilateral facial weakness; marked tetraparesis; 
areflexia of the lower limbs, which subsequently became 
generalised; and mild glove-and-stocking hypoaesthesia. 
The patient improved over the following days, and was 
referred to a protected area on 4 October.

Cerebrospinal fluid (CSF) analysis revealed albuminocy-
tological dissociation in both patients; the authors per-
ceptively note that this finding had only previously been 
described in spinal cord compression syndromes and in 
Pott disease.4 The graphical register of patellar and Achil-
les reflexes demonstrated delayed reflexes, with twice the 
normal value.

Based on all the data observed and their incredible clinical 
intuition, the authors commented the following: “This 
syndrome appears to result from probably infectious or 
toxic involvement of the spinal roots, nerves, and muscles. 
It must be differentiated from simple radiculoneuritis, 
pure polyneuritis, and polymyositis.”4 Interestingly, the 
syndrome in these soldiers was identified in the clamour 
of the Battle of the Somme (1 July-18 November 1916), 
one of the bloodiest confrontations in the First World 
War, with a million deaths.5,A

The eponym Guillain-Barré syndrome, omitting the 
name of André Strohl (who conducted the graphical 
recordings of stretch reflexes; see figures 1-3 in the 
original article4), was introduced by Draganescu and 
Claudian at a session of the Neurological Society of Paris 
on 3 November 1927, moderated by Jean Barré himself.6 
To add insult to injury, Strohl’ s name was also excluded 
from the reference citing the initial report by Guillain et 
al.4 Unfortunately, this eponym has become consolidated 
in the literature, a matter that was questioned by Green 
in 1962.7

https://www.larazon.es/cultura/20200701/nrpiizdm6zfz7hklezdreh6rde.html
https://www.larazon.es/cultura/20200701/nrpiizdm6zfz7hklezdreh6rde.html
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Guillain-Barré syndrome: a novel entity in 1916?

The original work by Guillain et al.4 does not include 
a bibliography, which is understandable given that it is 
simply the transcript of a communication to the Medical 
Society of Hospitals of Paris. However, two similar 
entities had previously been described, Landry paralysis 
and acute febrile polyneuritis (AFP), which merit a brief 
analysis.

In 1859, Octave Landry described 10 cases of acute 
ascending paralysis and tingling sensation with intact 
bladder and bowel function (the references section 
cites the complete English translation by Rottenberg 
and Hochberg,8 from 1977). Autopsy studies of the 
two deceased patients revealed integrity of the central 
nervous system (brain and spinal cord) and muscles; 
peripheral nerves were not studied. The remaining 
eight patients recovered. These patients fit well with the 
modern concept of GBS, despite the lack of evidence of 
areflexia and albuminocytological dissociation in the 
CSF.9

AFP was described in 1892 by Osler, and is characterised 
by high fever (up to 40°C) followed by limb and back pain, 
paraesthesia, and ascending or descending paralysis with 
respiratory insufficiency.10 Some patients died, while 
others remained stable for several weeks, subsequently 
presenting a slow recovery. Osler pertinently indicated 
that the clinical picture is indistinguishable from that of 
Landry paralysis. 

New descriptions of acute febrile polyneuritis

In 1917, Gordon Holmes, lieutenant colonel and 
consultant neurologist of the British army in France 
during the First World War, presented a masterful 
new definition of AFP.11 His series included 12 soldiers 
attended in the winter of 1916-1917, whose initial 
symptoms included general discomfort and fever of up 
to 40°C, in the absence of “local manifestations” (ie, 
without a localised septic focus); therefore, some of them 
were diagnosed with “pyrexia of unknown origin.” One 
patient had history of recurrent trench fever, and another 
had recent history of diarrhoea and vomiting. Patients 
subsequently developed pain in the legs and lumbosacral 
region. This was followed by weakness of the legs, with 
difficulty walking short distances; weakness progressed 
rapidly, ascending to the arms. At the same time, patients 
reported facial weakness with dysarthria and difficulty 
swallowing. Holmes stressed that tetraparesis was 

symmetrical, affecting both distal and proximal muscles, 
although it was more pronounced in the lower than in 
the upper limbs. He observed paresis of the intercostal 
and abdominal muscles, which he associated with 
respiratory complications. He also noted that patients 
invariably presented bilateral facial palsy in the first days 
of clinical progression, with three presenting diplopia 
due to paresis of the rectus externus.

Similarly to the patients described by Guillain, sensory 
symptoms were less marked than motor symptoms.11 
Some patients had pain in the legs, particularly with 
movement; Holmes also observed that pressure over 
or stretching of the sciatic nerve could be particularly 
painful. 

Another nearly constant finding was difficulty starting 
micturition, although no patient needed a urinary 
catheter.11 Showing an acute clinical sense, Holmes 
emphasised the absence of other symptoms suggestive of 
dysautonomia. No CSF alterations were detected in the 
three patients who underwent lumbar puncture.

Two patients died due to bronchopulmonary complica-
tions. In the remaining 10 patients, symptoms peaked 
during the first week after onset, followed by an im-
provement at two to three weeks of progression.11 The 
autopsy of the two deceased patients included the brain, 
spinal cord, sciatic nerve, and lumbosacral nerve roots. 
Only the sciatic nerve showed alterations, with fibres 
presenting incipient degeneration and myelin sheaths 
breaking down into ovoids; myelinated fibres showed 
irregular staining. The only finding in the spinal cord 
was a “partial disintegration of the tigroid masses es-
pecially around their nuclei,” which corresponds to the 
central chromatolysis that was repeatedly described in 
subsequent histopathological studies of GBS (see be-
low). Holmes cautiously concluded that “unavoidable 
circumstances [referring to the war] made a more com-
plete examination of the nervous system impossible, but 
these changes are sufficient to confirm the diagnosis of 
peripheral neuritis.” Reporting a detailed differential di-
agnosis, the author proposes a clinical overlap between 
AFP and Landry paralysis. Holmes’ work also lacks a 
bibliography; however, at the time of its publication (14 
July 1917), he probably would have been unaware of the 
case reported by Guillain and colleagues a few months 
earlier (13 October 1916).
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Georges Guillain redefines his syndrome

Georges Guillain12 reviewed the nosology of GBS based 
on 27 cases published between 1916 and 1936, as well as 
10 new cases of his own. The author considered marked 
CSF hyperalbuminosis a constant finding, with typical 
values ranging between 1 and 2  g/100  mL, and mild 
hyperalbuminosis (0.3-0.4 g/100 mL) indicating atypical 
or “abortive forms” of the syndrome. This interpretation 
was subsequently corrected by Wiederholt et al.,13 who 

Figure 1. A) In a patient with AIDP, this detail of the anterior horn of the 
lumbar spinal cord displays central chromatolysis in two of the three motor 
neurons shown (haematoxylin and eosin stain). B) Semithin section from 
the L5 spinal root ganglion, showing several preserved neurons and two with 
central chromatolysis, displaying the characteristic eccentric nuclei (arrows) 
(toluidine blue stain). Scale bars: A: 90 μm; B: 65 μm. Central chromatolysis 
is a reparative reaction of the neuronal soma to axonal damage. Taken from 
Berciano et al.16 

noted that, in all likelihood, the values reported by 
Guillain as grammes per 100 mL were in fact grammes 
per litre. 

According to Guillain, other obligatory diagnostic 
criteria were abolition of tendon reflexes and a favourable 
clinical course; in fact, he considered the two fatal cases 
reported previously “not to belong to this syndrome 
group.” Finally, Guillain considered Landry paralysis 
and AFP to be distinct from GBS. His proposals had an 
undeniable impact on the French literature for several 
decades.14

Clinico-pathological studies enter the arena

The nosology of GBS changed considerably with the 
clinico-pathological studies conducted between the 
1940s and 1960s, before the introduction of nerve 
conduction studies (NCS) in clinical practice. Let us 
analyse this issue chronologically.

1. Landry-Guillain-Barré syndrome: the pioneering 
work of Haymaker and Kernohan

In an 82-page study, including 225 references, Haymaker 
and Kernohan comprehensively reviewed the literature 
on GBS, Landry paralysis, and AFP, describing a clinico-
pathological study of 50 fatal cases of GBS, including 32 
patients who died between days 2 and 10 after symptom 
onset.15 Anatomical specimens from these cases, fixed 
in formaldehyde, were sent to the United States Armed 
Forces Institute of Pathology (Washington, DC) during 
the Second World War. For the first time in the literature, 
GBS, Landry paralysis, and AFP were considered a single 
nosological category. In fact, Landry’ s name features in 
the title of the study; this was strongly criticised in the 
French literature, and it was even suggested that “this 
terminology appearing after the study by Haymaker 
and Kernohan is erroneous, and renders each eponym 
meaningless”14; this initiative was unsuccessful, as it was 
the opinion of North American authors that prevailed in 
the literature.

Haymaker and Kernohan reviewed the importance of 
CSF protein levels, as had been proposed by Guillain, 
astutely noting that levels may be normal at onset and 
subsequently increase as the disease progresses.15 They 
also argued that “Were Guillain’ s criteria strictly adhered 
to, one would be obliged to remove from consideration 
many cases in the literature designated by the term 
‘Guillain-Barré syndrome.’” With respect to mortality, 
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the authors quote the words of Guillain himself (from a 
symposium on GBS held in Brussels in 1938), according 
to which the syndrome may be fatal; Haymaker and 
Kernohan rightly assert that “[this] concession […] 
seems to have escaped the notice of most subsequent 
workers on the subject.”

In this series, the anatomical-pathological alterations 
found always involved the peripheral nervous system 
(PNS).15 Based on the 32 histopathological studies of 
early GBS, the authors give a masterful description of 
the topography and progression of the lesions observed, 
which we summarise below: 

As a whole, the observed pathological changes were 
more prominent in the region where motor and 
sensory roots join to form the spinal nerve. Oedema 
of the more proximal part of the peripheral nervous 
system constituted the only significant alteration the 
first three days of illness. By the fourth day, slight 
swelling and irregularity of myelin sheaths were 
detected, and by the fifth, clear-cut disintegration of 
myelin and swelling of axis cylinders. On the ninth 
day a few lymphocytes sometimes began to appear, 
on the eleventh, phagocytes, and on the thirteenth, a 
proliferation of Schwann cells […]. The most severe 
changes were noted in the cases of longest duration, 
namely 46 days […]. In all the cases in which 
appropriate material was available, the degenerative 
changes, decidedly focal in early stages of the disorder, 
were concentrated in the region of the spinal nerves 
and extended both proximally and distally for a short 
distance […]. Where motor symptoms were most 
prominent the lesions tended to predominate in the 
anterior roots, and where widespread hypoaesthesia 
accompanied the paralysis the lesions were found in 
anterior and posterior roots.

As lymphocyte populations tend to increase over the 
course of the disease, presence of these cells was interpreted 
as part of a repair process; in fact, the syndrome was 
characterised as a “polyradiculoneuropathy” in which 
both elevated CSF protein level and mild CSF pleocytosis 
were considered incidental findings. Spinal cord motor 
neurons and spinal ganglion sensory neurons presented 
central chromatolysis; Figure 1 shows examples of these 
findings in one of my research group’ s pathological 
studies.16 

In short, the contribution of Haymaker and Kernohan 
may be considered a masterpiece in the field of GBS, 
for several reasons15,17: 1) it delimited the nosology of 

the syndrome, strongly rebutting some of Guillain’ s 
proposals; 2) it situated the pathological process in 
the PNS and defined the chronology of lesions; 3) 
it established that the initial pathological finding is 
endoneurial oedema, predominantly involving the 
spinal nerves, a key concept in understanding the 
pathophysiological mechanisms involved in the early 
stage of the syndrome (this is further discussed below); 
4) it demonstrated the presence of demyelination for 
the first time; and 5) the late detection of inflammatory 
infiltrates explains how these were misinterpreted as a 
reparative phenomenon (however, it should be noted 
that the detection of inflammatory cells frequently 
required immunostaining or plastic sections, techniques 
that were not available for routine anatomical pathology 
in 1949).18

2. Confirmation of the pathological relevance of 
inflammatory oedema

In 1955, Krücke19 performed a detailed histopathological 
study of seven autopsy samples from patients who died 
with GBS (three children and four adults). Histological 
samples were taken from the central and peripheral 
nervous systems, including proximal and distal 
nerve trunks and sympathetic ganglia (Figure 2A). A 
patient who died 24  hours after onset presented more 
pronounced endoneurial inflammatory infiltrates than 
another patient who died on day 3. Endoneurial oedema 
was systematically accompanied by cellular infiltrates; 
due to the absence of pure serous exudation, as described 
by Haymaker and Kernohan; Krücke interpreted the 
oedema as being an integral part of the inflammatory 
process. Demyelination of nerves was more severe 
from day 14. In early stages of the syndrome, lesions 
were focal and predominantly affected proximal nerve 
trunks, particularly in spinal nerves, where oedema 
was sufficiently severe that it could be detected with the 
naked eye (Figure 2B and C). 

Krücke finally described inflammatory infiltrates in the 
sympathetic ganglia that, in his opinion, justified the 
vegetative symptoms associated with the disease.

3. Contributions and misconceptions of Asbury’ s 
famous study

In 1969, Asbury, Arnason, and Adams published a clinico-
pathological study of 19 patients with GBS, five of whom 
died within nine days of symptom onset.20 NCS were not 
yet available at the time this study was published. The 
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oedema (Figure 2B and C). According to Asbury et al.,20 
the emphasis on nerve root involvement is unarguably 
due to the fact that autopsy samples are more frequently 
taken from the spinal roots than from more distal nerve 
segments. This influential work decisively led to the 
matter of inflammatory oedema of the spinal nerves in 
early GBS being overlooked for decades; as we shall see 
later, this was a glaring mistake.

Asbury et al.20 asserted that no area of the PNS was 
spared in GBS. While this is indeed likely to be the case 
in advanced stages of the disease,21 it is worth noting 
that in two of the cases reported by these authors (cases 

Figure 2. Minimally altered reproduction of figures 65 to 67 from Krücke’ s19 article. A) Diagram of the lesion topography in GBS (from top to bottom: 
cervical, thoracic, and lumbar regions). Lesions (red dots) are observed in proximal nerve trunks, including the ventral and dorsal spinal roots, spinal 
ganglia, sympathetic ganglia, and the ventral rami of the spinal nerves. The labels b and c used by the author to signal the localisation of figures 65, 66 
(here Figures 1B and C), and 67 (not reproduced) are maintained. B) Longitudinal section of a nerve segment between the ventral spinal root and the 
spinal nerve, taken from a patient with GBS who died on the 18th day of progression. The original numbering is maintained: 1 and 2: areas illustrated 
by Krücke in other figures, demonstrating extensive “mucoid [inflammatory] endoneurial oedema”; 3: spinal nerve rami (the ventral and the dorsal 
rami); 4: fusiform dilation of the spinal nerve; 5: spinal ganglion; and 6: ventral spinal root (Van Gieson stain, magnification not specified). C) Another 
longitudinal section from the same location, showing the purple colouration of the fusiform dilation of the spinal nerve (cresyl violet stain).

study demonstrated that the neuropathological substrate 
of GBS is a perivenular mononuclear inflammatory 
infiltrate with demyelination as the predominant lesion 
affecting nerve fibres. According to the authors, all areas 
of the PNS are vulnerable, including the ventral and 
dorsal nerve roots, distal and proximal trunks, terminal 
branches, and sympathetic nerves and ganglia. Contrary 
to the observations of Haymaker and Kernohan, Asbury 
et al.20 did not identify an inflammatory oedema stage 
either in macroscopic or in microscopic examination; 
their bibliography cites the article by Krücke,19 but they 
do not refer to his irrefutable image of inflammatory 
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2 and 3) with pure motor signs, lesions predominantly 
affected the ventral roots, with more distant nerve 
trunks presenting minimal involvement. Furthermore, 
a noteworthy finding in case 2, in preparations of the 
lumbar nerve roots stained with silver salts, was the 
presence of “interrupted axons with prominent retraction 
bulbs”; significantly, this finding was correlated with the 
intense inflammation observed, including the presence 
of polymorphonuclear lymphocytes. This patient, who 
had presented flu-like symptoms 10 days prior to onset, 
is probably the first published case of AMAN (see 
below). These authors were also the first to recognise 
that axonal involvement in GBS depends on the degree 
of destruction of the nervous parenchyma.

Asbury et al.20 highlight the similarity between 
pathological findings in experimental autoimmune 
neuritis (EAN) and GBS, a hugely important contribution 
to the understanding of the pathophysiological 
mechanisms involved in the disease. EAN is currently 
considered an animal model of GBS.22

In summary, Asbury et al.20 made great contributions to 
the nosology of GBS, despite significant misconceptions 
regarding the presence of endoneurial oedema in the 
distal part of the spinal roots, arguing that “we found 
no evidence of this latter process in our own material. 
It may be that our histologic criteria for accepting the 
presence of oedema differ from those of others.”

4. First ultrastructural studies: macrophage-mediated 
demyelination

Early electron microscopy studies confirmed primary 
demyelination in GBS.23-25 According to Wiśniewski 
et al.23, ultrastructural alterations can be summarised 
as follows: 1) myelin destruction without axonal 
degeneration; 2) vacuolar dissolution of myelin 
associated with macrophage ingress into the nerve, as 
illustrated in Figure 3, taken from one of my research 
group’ s studies26; and 3) phagocytosis of myelin by 
macrophages. Today, this classical demyelinating form is 
known as AIDP.

5. Identification of an axonal form of Guillain-Barré 
syndrome: axonal or pseudoaxonal?

In 1986, Feasby et al.27 described five patients with severe 
GBS and motor nerve inexcitability. One patient (case 
1) died, and three of the remaining patients presented 
poor recovery. The loss of nerve excitability, recorded on 
day 3 after onset in case 1 and on day 2 in case 4, was 

Figure 3. Ultrathin transverse sections of the L5 ventral root from a patient 
with AIDP. A) Note the presence of an intratubular macrophage removing 
the myelin displaying vacuolar degeneration; the arrow indicates the entry 
point of the macrophage across the basal membrane of a Schwann cell; the 
axon is spared (original magnification: ×6200). B) Fibre displaying advanced 
vacuolar dissolution of myelin. Note the presence of an intratubular 
lymphocyte; the axon appears normal (original magnification: ×6200). C) 
Detailed view of another intratubular lymphocyte with filopodia (arrows) 
extending to the degenerated myelin (original magnification: ×20 000). 
D) A fibre in an advanced stage of demyelination, presenting an apoptotic 
nucleus, presumably belonging to a Schwann cell, displaying masses of 
condensed chromatin (arrow); the axon is indicated with an asterisk 
(original magnification: ×5000). Taken from Berciano et al.26

attributed to axonal degeneration, both in the original 
study and in subsequent works by Feasby.28,29 In my 
opinion, this interpretation is disputable, since patients 
with traumatic Wallerian degeneration present a 50% 
reduction in motor responses between the third and fifth 
days after injury, with electric responses being detectable 
until the ninth day.30 We may also question the authors’ 
interpretation of the histopathological findings.18,31,32 Let 
us address this question in greater detail.
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The patient who died was a 64-year-old woman who 
presented ascending paralysis and paraesthesia over 
the course of several hours.27 Physical examination 
revealed areflexic tetraplegia and bulbar palsy, requiring 
mechanical ventilation. The patient died on day 28 after 
onset. The autopsy study included specimens from the 
central nervous system, nerve roots, and peripheral 
nerves; histopathological examination used conventional 
techniques, with semithin and ultrathin sections and 
teased fibres. Pathological findings are summarised 
as follows: “axonal degeneration in nerve roots and 
distal nerves without inflammation or demyelination.” 
However, the authors stressed the frequent presence of 
macrophages containing myelin debris, although there 
were few endoneurial lymphocytes and no perivascular 
infiltration. The authors describe the endoneurial oedema 
as minimal, although their figure 3, corresponding 
to a semithin section from the deep peroneal nerve, 
shows clear spacing of myelinated fibres, probably due 
to endoneurial oedema, which is prominent in the 
subperineurial region (lower part of the image). The 
lumbar spinal roots also showed interstitial oedema 
(see below). In the teased-fibre study, examining the 
deep peroneal nerve but not the lumbar spinal roots, the 
predominant lesion type was axonal degeneration.

In 1993, my research group described the case of a patient 
with pure motor GBS who died 29 days after clinical 
onset; autopsy examination revealed demyelination of 
the ventral roots and secondary axonal degeneration 
(Figure 4).31 We subsequently compared our histological 
findings with those described by Feasby et al.,27 drawing 
the following conclusions: 

We have observed, however, an apparent similarity 
between our pathological findings on transverse 
semithin sections of ventral root and those 
illustrated in Feasby’ s work (cf. our Fig. 3 and their 
Fig. 2). Certainly, without teased fiber preparation, 
semithin longitudinal sections, and ultrastructural 
study we would have overlooked the relevance of 
segmental demyelination and remyelination. In 
fact, 24% of teased fibers from the L5 ventral root 
exhibited de- or remyelination, and this percentage 
might have been substantially greater at the onset of 
symptoms if we assume that demyelination precedes 
severe axonal degeneration.31

These comparative histological images are reproduced 
in Figure 5; in addition to areas of active axonal 
degeneration, Feasby’ s material also displays numerous 

fibres with vacuolar dissolution of myelin, which 
was known at the time to be a feature of primary 
demyelination.23-25 In consequence, with respect to 
Feasby’ s case 1, the question arises as to whether the 
radicular axonal degeneration should be categorised 
as primary or as secondary to demyelination. While 
there is no definitive answer, we know today that the 
axonal pathology in GBS may simply be the result of a 
process of inflammatory demyelination in the proximal 
nerve trunks, with secondary Wallerian degeneration 
(pseudoaxonal GBS).18,33

6. More on axonal Guillain-Barré syndrome: the 
prelude to a new era of nosology

In 1990, Yuki et al.34 described two patients with pure 
motor GBS and history of Campylobacter jejuni enteritis. 
In both patients, the neurophysiological study revealed 
axonal involvement in the motor nerves examined. The 
authors detected high titres of anti-GM1 IgG antibodies. 
Accepting the model of axonal GBS described by 
Feasby, they concluded that their patients represented a 
subgroup within that syndrome, characterised by acute 
axonal polyneuropathy following infection by C. jejuni 
associated with anti-GM1 antibodies.

In a study into acute paralytic disease in northern China, 
McKhann et al.35 described the cases of 36 patients 
with acute ascending paralysis and areflexia; patients 
were from rural areas, aged between 15 months and 
37 years (median, 7 years), and had been attended 
during a two-week period in August 1990. One-third 
of patients needed respiratory support. Prodromal 
infections were reported in 47% of patients. In addition 
to the motor symptoms, “many patients had neck and 
back stiffness and pain; one father said his son seemed 
as though he ‘had a rod up his spine’” (Figure 1 of that 
study is an impressive photograph of a patient with 
neck flexor muscle weakness and neck rigidity). The 
majority of patients recovered. Neurophysiological 
studies demonstrated a marked reduction in compound 
motor action potential (CMAP) amplitude from distal 
stimulation, with preserved motor conduction velocity 
(MCV). CSF albuminocytological dissociation was 
detected in 42% of cases. The authors concluded that this 
paralytic syndrome, which corresponded to GBS in only 
one patient, may be caused by a reversible motor nerve 
terminal or spinal motor neuron disorder.

Two years after the description of acute flaccid paralysis 
in northern China, McKhann et al.36 expanded their 
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Figure 4. Pathology of pure motor GBS. A) Semithin section from the L5 dorsal root showing preservation of myelinated fibres (toluidine blue 
stain; original magnification: ×400). B) On the contrary, this semithin section from the L5 ventral root displays a clear reduction in the density 
of myelinated fibres, presence of lipid-laden macrophages, endoneurial oedema, fibres showing vacuolar myelin dissolution (white arrows), de-/
remyelinated fibres (white arrowheads), fibres presenting myelin breakdown, indicating active axonal degeneration (asterisks), and clusters of 
regeneration (black arrows) (toluidine blue stain; original magnification: ×400). C) At greater magnification, this semithin section from the 
L5 ventral root displays numerous lipid-laden macrophages, endoneurial oedema, de-/remyelinated fibres (black arrows), fibres presenting 
myelin breakdown (white asterisks), and clusters of regeneration (black arrowheads). Based on these images, it is difficult to establish whether 
the pathology is primarily axonal or demyelinating. To answer this question, we conducted a teased-fibre study of the L5 ventral root (D-J), 
observing the following findings: complete internodal demyelination (D); complete internodal remyelination (E, F); paranodal demyelination 
with vesiculovacuolar myelin dissolution (G, H); some groups of fibres of variable morphology (I), including a normal fibre (top), one presenting 
axonal degeneration (middle), and one presenting de-/remyelination (bottom); and fibres with linear rows of osmiophilic droplets, characteristic 
of active axonal degeneration (J). As 24% of teased fibres presented complete internodal de-/remyelination, we concluded that the patient 
presented primarily demyelinating disease with secondary axonal degeneration. Taken from Berciano et al.31
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series to 90 patients, describing the neuropathological 
substrate observed in post mortem autopsy findings 
from 10 fatal cases, with the following results: five cases 
of non-inflammatory Wallerian degeneration of motor 
nerve fibres, designated as AMAN; three with lesions 
characteristic of AIDP; and two in which no lesions were 
observed. In early stages of progression, most patients 
tested positive for antibodies against C. jejuni. The 
axonal pathology in AMAN was described as follows:

The major pathological finding was extensive 
Wallerian-like degeneration of the ventral roots and 
motor fibers within the peripheral nerves. Severity 
varied. In severe cases, the most proximal site of 
fiber degeneration was in the proximal or mid-
ventral root; the proportion of degenerating fibers 
increased distally toward the ventral root exit from 
the dura. At this level, up to 80% of motor fibres 
were degenerating. […] Ventral root fibers in the 
exit zone and the intraparenchymal segments of the 
motor axons were normal.36

Therefore, the most severely affected area was once more 
the location where the ventral nerve root joins the spinal 
nerve, ie, the location described by both Haymaker and 
Krücke.

Subsequently, Griffin’ s research group (Johns Hopkins 
University) and their collaborators from China 
described 12 additional neuropathological studies 
from fatal cases of AFP in northern China, classified 
as follows37-43: three cases of AMAN, three of AMSAN, 
three of AIDP, and three with minimal pathological 
changes. AMSAN was considered to be a similar entity 
to that originally described as the axonal form of GBS.27 
In addition to seropositivity for C. jejuni, these authors 
describe frequent detection of anti-GM1 antibodies. A 
prominent finding in patients with axonal patterns in 
this series was the early presence of macrophages in the 
periaxonal space, surrounding or displacing the axon, 
with the myelin sheath remaining intact. In the adaxonal 
region in AMAN/AMSAN, and in the abaxonal region 
of Schwann cells in AIDP, the authors detected IgG 
antibodies and complement C3d and C5b-9, which 
form the membrane attack complex. The authors suggest 
that AMAN is mediated by antibodies and complement 
whose ganglioside epitopes are located in the nodal and 
internodal axolemma.44 This concept was the starting 
point for the creation of a new nosological category 
known as nodo-paranodopathies, which encompass 
a group of acute and chronic neuropathies associated 

Figure 5. Composition of figure 3 from Berciano et al.31 (A) and figure 2 
from Feasby et al.27 (B). Both images show semithin transverse sections of 
lumbar ventral roots. A) The original annotations are maintained. We observe 
numerous lipid-laden endoneurial macrophages, sometimes encircling fibres 
with myelin breakdown (white asterisks) or inside completely destructured 
nerves. The image also shows clusters of regeneration containing either 
unmyelinated axons (arrowheads), unmyelinated and thinly myelinated axons 
(small arrows), and occasional larger fibres with de-/remyelinated axons (large 
arrows). The centre of the image shows a fibre with vesiculovacuolar myelin 
dissolution (black asterisk); this lesion is better illustrated in the teased-
fibre study from Figure 4 (toluidine blue stain; scale bar = 19 µm). B) The 
caption to the original figure, without annotations, reads: “transverse section 
showing severe axonal degeneration.” I agree with the authors’ interpretation, 
as there are indeed numerous axons showing myelin breakdown (white 
asterisks), which is indicative of acute axonal degeneration. Note also the 
presence of fibres with inappropriately thin myelin sheaths (arrowheads) and 
the fibres exhibiting vacuolar myelin degeneration (arrows), suggesting de-/
remyelination; and the clusters of regeneration. Mononuclear inflammatory 
cells seem to be present in the endoneurial interstitium; the presence of these 
cells would be better assessed by immunocytochemical techniques. Interstitial 
oedema is also observed. Although the vesicular dissolution of myelin may 
have occurred post mortem, it was only observed in the lesioned L5 ventral 
root (and not the dorsal root, which was spared) (see previous figure) in our 
material; this supports its morphological value as a sign of demyelination. 
Furthermore, vesicular myelin degeneration is the earliest sign in AIDP, 
presenting even before the appearance of macrophages in the nerve; this 
suggests that it is the expression of membrane attack complex formation due 
to activation of the complement cascade.18 Reproduced with authorisation 
from Brain (scale bar = 20 µm). Taken from Berciano et al.18,32
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with antibodies targeting nodal/paranodal epitopes 
and whose shared pathophysiological mechanism is 
dysfunction or disruption of the node of Ranvier.45

It is widely accepted in the literature that AMAN 
and AMSAN are prototypical models of acute non-
inflammatory axonopathies. This idea should be 
considered cautiously, as Griffin40 himself writes in his 
study on AMSAN that: “Strictly speaking, these cases 
are neither ‘nondemyelinating’ nor ‘noninflammatory,’ 
but rather predominantly axonal and minimally 
inflammatory.” In any case, how may we explain a 
primary axonopathy whose most marked manifestation 
involves the spinal nerves? We shall address this question 
later in the article.

7. Distal nerve segment involvement: terminal or 
preterminal?

Before answering this question, it seems pertinent to 
briefly remind readers of the microscopic anatomy of the 
PNS, which, as we shall see, is essential in interpreting the 
mechanisms at work in the semiology of GBS. On their 
path through the subarachnoid space, the spinal nerve 
roots are covered by a thin, highly compliant arachnoid 
layer.46,47 Starting at the subarachnoid angle, the ventral 
and dorsal roots merge to form the spinal nerves, 
mono- or bifascicular structures in which the dura 
mater becomes epineurium and the subdural arachnoid 
becomes perineurium.46 The peripheral nerve trunks 
become multifascicular. Their tracts possess perineurium, 
and all are surrounded by epineurium. These nerve 
trunks present low compliance, but provide mechanical 
protection to nerve fibres. When they reach the muscle, the 
texture of intramuscular nerve branches changes48: they 
comprise myelinated and unmyelinated fibres enclosed 
by Schwann cells with their basement membranes; more 
peripherally, the perineurium is reduced to a layer of 
three or four flattened cells (perineurial epithelium) 
containing external and internal basement membrane, 
although this is discontinuous. More externally, the 
epineurium is reduced to two or three layers of cells 
lacking basement membrane, joined by longitudinal 
collagen bundles. Approaching the neuromuscular 
junction, myelinated fibres lose their myelin sheath, 
adopting the morphology of the node of Ranvier; this 
terminal axon, covered only by Schwann cells with their 
basement membrane (synaptic glia), enters the synaptic 
cleft, where the Schwann cell basement membrane fuses 
with the basement membrane of the sarcolemma. A thin 

perineurial epithelium accompanies the terminal axon 
until 1-1.5 µm from its contact with the neuromuscular 
junction; therefore, the terminal segment of the axon is 
only separated from the surrounding connective tissue by 
the perisynaptic glia (for more details, see the diagram in 
Figure 6 of the article by Saito and Zacks48).

The idea of terminal branch involvement in GBS has had 
deep roots in the literature since it was first proposed 
by Asbury et al.20 This idea is implicitly associated with 
that of a special vulnerability of the terminal segment of 
axons, or in proper terms the presynaptic axon and its 
perisynaptic glia, a segment of up to 1.5 µm in length. 
No histopathological studies of this nerve segment have 
been conducted, although two studies do address the 
pathology of the distal nerve branches, which merits a 
brief analysis.

Hall et al.49 studied the case of a 55-year-old patient with 
fulminant GBS requiring mechanical ventilation. The 
neurophysiological study on the fourth day revealed great 
reductions in distal CMAP amplitude (0.12 mV in the 
median nerve), prolonged distal motor latency (DML; 
10  ms), and minimally reduced MCV (46  m/s). The 
patient slowly improved, and was able to walk unaided 
at 252 days of progression. On day 16, a biopsy study 
of a distal branch of the left musculocutaneous nerve 
showed marked subperineurial oedema, macrophage 
infiltration, and demyelinated axons. As the material 
studied corresponds not to the terminal axon but to a 
macroscopically distant branch of the musculocutaneous 
nerve, the pathological findings fully coincide with what 
my research group described as AIDP, despite the lack 
of secondary axonal degeneration (Figure 6B). The early, 
sharp reduction in CMAP amplitude is most probably 
explained by endoneurial ischaemia of the preterminal 
segments of the nerve studied (the pathogenic role of 
oedema is analysed later in the study).

Ho et al.38 described a case of AMAN in a 64-year-old 
patient with history of diarrhoea, who in consecutive 
examinations presented areflexia and ascending 
paraesthesia that prevented her from walking. Anti-GM1 
IgG antibodies were detected in the serum. The patient 
recovered quickly after treatment with plasmapheresis. 
The neurophysiological study on day 7 showed loss of 
excitability of the peroneal nerve, with similar findings 
in the median and ulnar nerves, consisting in a moderate 
reduction in distal CMAP amplitude with normal DML 
and MCV. On day 16, a motor-point biopsy of the 
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to the intramuscular nerves, which possess epi-
perineurium, with oedema behaving as described in the 
following section.

An argument against the pathogenic role of motor nerve 
terminal (presynaptic terminal) damage is the absence of 
abnormal jitter in response to axonal stimulation, both 
in AIDP and in AMAN.50 

8. Pathogenic role of the perineurium in axonal 
degeneration

The pathogenic relevance of the perineurium, which has 
been demonstrated in EAN, was established in studies 
by my research group. Let us summarise these findings. 

In a patient with fulminant AIDP, in whom serial 
neurophysiological studies (on days 3, 10, and 17 of 
progression), including mixed conduction of the median 
nerve, had revealed generalised loss of nerve excitability; 
the post mortem examination (day 18) identified pure 
inflammatory demyelination of the spinal roots and 
mainly axonal degeneration of more distal nerve trunks 
(Figure 6).26 We wondered at the time what might 
explain this histopathological divergence. Given the lack 
of similar pathological findings in humans, we reviewed 
data from P2-induced EAN in Lewis rats, a recognised 
model of AIDP.51-53 Typical immunogen doses cause 
uniform demyelination of the PNS, whereas with higher 
doses, the pathological substrate is comparable to what 
we had observed: pure demyelination of the spinal 
roots, with mixed pathology (demyelinating and axonal) 
in more distant nerve trunks. This discordant lesion 
topography had been associated with a bystander effect, 
with a more intense inflammatory reaction at higher 
immunogen doses and in extradural nerve trunks. We 
argued that this mechanism did not seem to apply in our 
material, as the macrophagic inflammatory component 
was comparable in the roots and at more distant locations 
(see Figure 6). After studying the microscopic anatomy 
of the PNS,46 we wondered whether the appearance of 
epi-perineurium at the subarachnoid angle may play 
a pathogenic role in early stages of GBS. To verify this 
hypothesis, we needed to compare the pathology in the 
nerve roots, with their thin arachnoid covering, and in 
the spinal nerves possessing epi-perineurium.

In each case of fatal GBS with neurophysiology evidence 
of axonal involvement at onset, the post mortem 
pathology study identified the pathological alterations 
typical of AIDP, but with a drastic difference in the 

Figure 6. Guillain-Barré pathology with early loss of electric excitability of 
the nerve trunks. A) Semithin section from the L5 ventral root, displaying 
massive demyelination, numerous lipid-laden macrophages, and interstitial 
oedema (toluidine blue stain; original magnification: ×630). B) Semithin 
section from the crural nerve, presenting numerous fibres with myelin 
breakdown (asterisks), indicating active axonal degeneration. Note also the 
presence of denuded axons (arrows) and inflammatory endoneurial and 
subperineurial oedema (toluidine blue stain; original magnification: ×630). 
Taken from Berciano et al.26

gastrocnemius muscle revealed intramuscular nerves 
with myelinated fibres presenting myelin breakdown, 
normal unmyelinated fibres, and small numbers of 
preserved myelinated fibres. Immunostaining with 
cholinesterase and PGP  9.5 revealed neuromuscular 
junction denervation. The authors concluded that in 
AMAN, paralysis “may reflect degeneration of motor 
nerve terminals and intramuscular axons.” Another 
interpretation is also possible: the findings described 
here may simply be the consequence of an inflammatory 
process affecting preterminal branches, slightly proximal 
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pathology between the spinal roots and the spinal nerves: 
in the latter structure, inflammatory demyelination 
was associated with lesions suggestive of endoneurial 
ischaemia (Figure 7).16,54 These findings corroborated the 
first description by Haymaker and Kernohan,15 according 
to which the initial lesion was oedema, predominantly 
affecting the spinal nerves.

Similar clinico-pathological findings to our own 
had been reported by Kanda et al.55 in a wonderfully 
detailed histopathology study, which also merits a brief 
analysis. A 47-year-old patient developed fulminant 
descending paralysis, requiring mechanical ventilation. 
A neurophysiological study on day 4 after onset revealed 
attenuated CMAP with normal MCV in the median, 
ulnar, and peroneal nerves. Sensory conduction in the 
sural and median nerves was normal. The patient died on 
day 7 after onset. The autopsy study showed pronounced 
inflammatory demyelination and endoneurial oedema 
associated with variable axonal degeneration, mainly 
affecting distal segments of the spinal roots, as well as the 
spinal nerves, where the involvement was most severe. 
Peripheral nerve trunks (median nerve at the elbow and 
wrist, sciatic nerve at the hip and knee, sural nerve at 
the calf and ankle, and vagus nerve at the neck) were 
relatively preserved, with the exception of the vagus 
nerve and the proximal median nerve.

In summary, the three clinico-pathological studies 
reviewed clearly demonstrate that neurophysiological 
study findings in early stages of AIDP may be 
indistinguishable from those of axonal GBS, and that the 
axonal damage sometimes results from inflammatory 
oedema of the proximal nerve trunks.

At this juncture, we should address the available 
experimental data on the pathogenic role of inflammatory 
oedema and endoneurial ischaemia. In an EAN model 
induced by T helper cells sensitised to the P2 component 
of myelin, Izumo et al.51 described the chronology of 
symptoms and lesions as follows: 1) the disease began 
with tail flaccidity and paralysis of the hindlimbs at 
days 3-5 post-inoculation; 2) the first histological 
alteration is visible from day 4, and is characterised by 
endoneurial and epineurial inflammatory oedema; and 
3) demyelination and axonal degeneration appeared 
between days 7 and 9 post-inoculation. At that time, 
it was established that in EAN, oedema may play a 
pathogenic role when endoneurial pressure restricts 
transperineurial blood flow, causing ischaemic 

conduction failure and potentially endoneurial ischaemia 
resulting in active axonal degeneration.56 In parallel with 
the findings illustrated here (Figure 6B), studies with P2-
induced EAN had described centrofascicular areas of 
active axonal degeneration, which are characteristic of 
endoneurial ischaemia57 (see figure 5 of the study cited).

In summary, there is a clear parallelism between GBS and 
EAN in terms of the pathogenic role of the perineurium 
in the development of endoneurial ischaemia.

9. The blood-nerve barrier dictates lesion topography 
at onset

The PNS possesses a blood-nerve barrier that restricts 
the passage of soluble mediators and cells from the 
bloodstream into the endoneurium.58 To that end, 
endoneurial capillaries are continuous, presenting 
endothelial cells sealed with tight junctions (zonula 
occludens), and are fully surrounded by basement 
membrane and pericytes with their own basement 
membrane. Only the spinal ganglia present fenestrated 
capillaries, with pores of 80-100  nm diameter. In his 
classic experimental studies of vascular permeability 
in the PNS, using albumin labelled with fluorescein 
isothiocyanate or Evans blue, Olsson59 observed several 
topographical differences: 1) the ventral and dorsal 
spinal roots presented positive fluorescence, both 
within the blood vessels and in the interstitium of the 
fibres; this phenomenon extended to the junction with 
the peripheral nerves (spinal nerves); 2) extravascular 
fluorescence was very intense in the spinal ganglia; 3) 
in the peripheral nerve trunks, fluorescence was only 
visible in the vascular lumen; and 4) intense fluorescence 
was observed both in the vessels and in the interstitium 
of the epi-perineurium. This demonstrates that vascular 
permeability in the PNS is greatest in the spinal roots, 
spinal nerves, and spinal ganglia. Nerve terminals, 
surrounded by presynaptic glia, lack the characteristic 
blood-nerve interface of the intermediate nerve trunks, 
which also implies greater permeability,48 probably 
extending to preterminal branches.

The topography of endoneurial permeability is correlated 
with the distribution of early inflammatory oedema in 
GBS, predominantly affecting the proximal trunks. As 
a result, in the first days of clinical progression, GBS 
may be considered a tubular system in which excessive 
pressure can cause dysfunction of nerve fibres in the 
most permeable segments presenting epi-perineurium, 
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ie, the spinal nerves proximally and motor and sensory 
preterminal segments distally.

Nerve conduction studies: new perspectives for classification

The first NCS in GBS were performed in the 1960s 
and 1970s.60,61 It was quickly established that neuro-
physiological alterations are characterised by reduced 
nerve conduction velocity and increased DML, with 
proximal segments of peripheral nerves also being 
affected (although these alterations may not be detected 
in early stages of progression).62-64

In 1985, Albers et al.65 described 180 serial NCS from 
70 patients with AIDP, observing that, in the first five 
weeks after symptom onset, 87% of patients presented 
neurophysiological patterns suggestive of demyelination, 
10% presented indeterminate patterns, and the remaining 
3% presented evidence of axonal degeneration. 
These authors were the first to introduce a protocol 
for neurophysiological examination, and proposed 
diagnostic criteria for demyelination in GBS. After 
axonal GBS was discovered, several studies redefined the 
criteria for differentiating demyelinating from axonal 
forms of the syndrome.66-72 A recent prospective study 
of 312 patients with GBS attended at a single hospital in 
Bangladesh, with the first NCS performed within two 
weeks after onset and a subsequent follow-up study in 
189 patients, demonstrated clear diagnostic variability 
depending on the criteria used; for instance, the 
percentage diagnosed with axonal GBS varied between 
44% and 59%, with AIDP ranging from 4% to 42%.73 The 
corollary of this is that it is essential to establish a set of 
internationally accepted consensus criteria, which may 
increase diagnostic reliability.

The pioneering studies by Asbury74,75 played a key role 
in laying the ground for the diagnosis of GBS, based 
on clinical semiology and neurophysiological study 
findings. The recent introduction of the Brighton 
criteria, based on clinical-neurophysiological data and 
CSF biological parameters, has increased the degree of 
diagnostic certainty.76

At this point, and in the light of our convictions about 
the histopathology of GBS, my research group sought to 
establish whether the classification criteria in use would 
be valid in very early GBS (up to four days after onset).77 
In a series of 22 patients with classical GBS, using the 
optimised electrophysiological criteria proposed by 
Uncini et al.,72 we demonstrated that classification of 

GBS as axonal or demyelinating was only possible in 20% 
of patients; the remaining cases presented either a mixed 
pattern (both axonal and demyelinating) or inconclusive 
or normal results, and serial NCS were needed to better 
categorise GBS subtypes.78,79 Therefore, in very early stages 
of the syndrome, NCS enable us to confirm the diagnosis 
of a PNS disorder in the majority of cases, although they 
are of limited use to discern whether the disorder is 
demyelinating or axonal. In our experience, two of the 
most frequent early electrophysiological alterations were 
reduced distal CMAP amplitude and abnormal or absent 
F-waves; these findings are explained by the ischaemic 
conduction failure of preterminal motor nerves and spinal 
nerves, respectively. In a case that was ultimately classified 
as AIDP, serial NCS demonstrated reversible conduction 
failure (Figure 8); despite this being considered a feature 
of axonal GBS,72 our findings suggest that it may simply be 
the expression of regressive oedema in preterminal motor 
branches,79,80 or in other words a neurophysiological sign 
common to all subtypes of the syndrome. 

Based on the above, we may draw the following 
conclusions:
— GBS is an inflammatory disease that changes over 
time and presents topographical variability; therefore, 
the results of a given study, whether neurophysiological 
or neuropathological, are merely snapshots of a highly 
dynamic process.81

— Autopsy studies in very early GBS demonstrate that 
the fundamental lesion is inflammatory oedema of the 
proximal nerve trunks. In this phase of the syndrome, 
ascending paralysis often occurs in the absence of 
specific alterations in conventional NCS. In this context, 
certain specialised neurophysiological examinations, 
such as lumbar nerve root stimulation in AIDP82 or 
triple stimulation technique in AMAN,83 have enabled 
the detection of proximal nerve block that may plausibly 
be located in the spinal nerves. The following section 
addresses the correlation between these findings and 
imaging results. 
— Both GBS and P2-induced EAN may present 
divergent pathological findings: pure demyelination of 
the intrathecal nerve roots and a variable combination 
of demyelination and Wallerian degeneration in more 
distal nerve trunks, with maximal expression in the 
spinal nerves. In cases of massive secondary Wallerian 
degeneration, it can be very difficult, if not impossible, to 
distinguish AIDP from axonal GBS in clinical practice.



History of Guillain-Barré syndrome

75

— Wallerian degeneration in AMAN also predominantly 
affects the spinal nerves, as demonstrated in ultrasound 
studies (see below). Therefore, the spinal nerves are a 
hotspot for all GBS subtypes. Whatever the case, all 
evidence points to a dual mechanism of axonal damage: 
1) induction by anti-GM1 or anti-GD1a antibodies 
targeting nodal epitopes or antibodies against the 
internodal axolemma, which may cause active axonal 
degeneration2; and 2) ischaemic axonopathy, whose 
mechanisms we have already discussed.

— In the original description of the axonal form of GBS 
there were demyelinating lesions to the lumbar roots,27 
demonstrating that the distinction between axonal and 
demyelinating GBS is not absolute.18,32,40

— Understanding of the microscopic anatomy of the 
PNS and the topographical variability in the efficiency 
of the blood-nerve barrier is essential to understanding 
the pathophysiological mechanisms at work in early 
GBS.18,32,83

— All of these ideas must be taken into account when 
establishing subtypes of classical GBS.

— The pathogenic role of endoneurial oedema in 
early GBS represents a new therapeutic opportunity 
for antioedema drugs, including pulse intravenous 
methylprednisolone therapy (see below).84-87

Imaging studies: refining lesion topography in early 
Guillain-Barré syndrome

Post-contrast T1-weighted magnetic resonance imaging 
(MRI) studies of the spinal cord and (intrathecal) 
spinal roots display radicular contrast enhancement in 
the vast majority of cases of GBS.88 This enhancement 
may be circumscribed to the ventral roots in cases 
of pure motor GBS (Figure 9)89,90; this correlates well 
with histopathological findings, which show selective 
involvement of these roots (Figure 4).31 Spinal nerve 
hyperintensity has been well illustrated with coronal 
short-tau inversion recovery (STIR) sequences.91,92 One 
limitation of MRI is its poor applicability in patients 
in whom clinical and neurophysiological data already 
suggest acute polyradiculoneuropathy, particularly in 
those needing ventilatory support and in paediatric 

Figure 7. Pathological findings from a patient with fulminant Guillain-Barré syndrome who died 60 days after onset. Neurophysiological studies on days 4, 
7, and 50 initially detected normal motor conduction velocities, with subsequent slowing, progressive attenuation of compound motor action potentials, and 
diffuse muscle denervation. A) Semithin section from the L5 ventral root showing preserved myelinated fibre density; note the lack of perineurium (toluidine 
blue stain; original magnification: ×62). B) Complete semithin section of the ventral ramus of the L3 nerve, showing a generalised reduction of myelinated 
fibre density, particularly in the subperineurial region; note also the presence of a wedge-shaped area (arrows) displaying near complete loss of myelinated 
fibres, a characteristic finding in endoneurial ischaemia (toluidine blue stain, original magnification: ×62). Taken from Berciano et al.54
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Figure 8. Serial nerve conduction studies of the median and ulnar nerves in a patient with Guillain-Barré syndrome, whose initial neurophysiological 
study revealed a mixed pattern, subsequently progressing to a demyelinating pattern. On day 4, the recording shows marked attenuation of distal 
compound motor action potentials, which was even more pronounced with stimulation at the elbow. Distal motor latency and compound motor 
action potential duration are mildly pathological in the median nerve, but spared in the ulnar nerve. Motor conduction velocities are normal in 
both nerves. On day 20, distal compound motor action potential amplitudes normalised (+650% for the median and +987% for the ulnar nerve), 
with preserved or mildly increased duration; this is a characteristic finding in reversible conduction failure. However, the marked attenuation of 
compound motor action potentials from the elbow persisted; this indicates persistent conduction failure at intermediate segments of both nerves. 
The second nerve conduction study detected a reduction in motor conduction velocities, despite preservation of distal motor latencies. Taken 
from Nedkova et al.79
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patients requiring sedation. Whatever the case, MRI has 
demonstrated the great importance of proximal trunk 
pathology, which is applicable to all subtypes of classical 
GBS (see caption to Figure 9).88

Ultrasonography is a highly valuable diagnostic 
technique for studying PNS pathology.93 My study group 
conducted an ultrasonography study in consecutive 
patients with early GBS who were included in the 
International Guillain-Barré Syndrome Outcome Study 
(IGOS) over a one-year period (1 February 2013 to 
31 January 2014).94 The series included six patients 
with severe classical GBS (five required mechanical 
ventilation): two cases of AMSAN and four cases of 
AIDP. The main alterations detected in the ultrasound 
study affected the ventral rami of the C5-C7 spinal 
nerves (in four of the six patients). These alterations were 
characterised by a significantly increased cross-sectional 
area, blurring of the epineurial hyperechoic rim, or both 
findings (Figure 10).94 One fatal case of AIDP presented 
an excellent correlation between sonographic and 
histopathological alterations (Figure 11). These findings 
confirm that inflammatory oedema of the spinal nerves 
is a pathological hallmark in early stages of GBS.15,19 In 
this early stage of progression, ultrasonography of the 
distal trunks only demonstrated alterations in 8.8% 
of the nerves studied, mainly detecting changes in the 
median nerve. Our ultrasound findings in the cervical 
spinal nerves (Figure 9F and G) have been confirmed 
by other authors,95-98 despite discrepancies regarding the 
frequency of alterations in more distal nerve trunks. If we 
also consider the fact that sonography results depend on 
the skill of the clinician performing the study, there is a 
great need for new prospective studies with international 
consensus.99

Biological tests in Guillain-Barré syndrome

In the interest of clarity, three biological aspects of GBS 
are presented separately: CSF findings, antiganglioside 
reactivity, and neurofilament light chain (NfL).

1. Cerebrospinal fluid analysis in Guillain-Barré 
syndrome

Normal CSF protein level is no higher than 0.45  g/L, 
with leukocyte counts of no more than five cells/ mL 
being considered normal; counts of 6-10 cells are 
highly suggestive of disease, with counts above 10 
being considered definitively abnormal. Presence of 
polymorphonuclear cells is always pathological.100

As we have seen, elevated CSF protein levels without 
concomitant pleocytosis (albuminocytological dissocia-
tion) was one of the original diagnostic criteria for GBS.4 
CSF findings in the IGOS study, which included 1000 
patients with GBS followed up for at least one year, can 
be summarised as follows101: 1) globally, elevated pro-
tein levels were observed in 68% of patients (50% in the 
first three days vs 84% from day 7); 2) median (Q1-Q3) 
protein levels were 0.45 g/L (0.33-0.73) in the first three 
days and 0.98 g/L (0.59-1.84) from day 7; 3) normal cell 
counts were observed in 80% of cases, with mild pleocy-
tosis (5-50 cells/mL) in 19% and over 50 cells/mL (range, 
53-232) in the 2% of patients with no alternative diagno-
sis; and 4) 67% of cases presented albuminocytological 
dissociation.

Asbury’ s original diagnostic criteria for GBS specified 
six circumstances in which the diagnosis should 
be questioned, including leukocyte counts above 
50 cells/ mL and presence of polymorphonuclear 
leukocytes in the CSF.74 This point merits further 
comment. In our patient mentioned above, with 
fulminant AIDP and universal loss of nerve excitability, 
initial CSF analysis (on day 1) identified a protein 
level of 1.98 g/L and a leukocyte count of 100 cells/ mL 
(60% mononuclear and 40% neutrophils).26 Twelve 
days later, protein level had reached 5.98g/L, with a 
mononuclear cell count of 10  cells/mL. We ruled out 
any known cause of infectious polyradiculoneuritis. 
Histological preparations of the spinal roots displayed 
perivascular inflammatory infiltrates containing 
lymphocytes, monocytes, and polymorphonuclear cells; 
Figure 12 illustrates the ultrastructural alterations in 
an endoneurial postcapillary venule, with a neutrophil 
crossing the endothelial barrier.102 We argued at the 
time that moderate pleocytosis (up to 230 cells/mL) may 
occur in typical cases of GBS; moreover, the presence of 
neutrophils in the CSF or in histological preparations 
of the spinal roots had previously been described by 
Haymaker15 and by Asbury,20 and was confirmed years 
later in another clinico-pathological study.81 Detection of 
neutrophils has been confirmed in histological studies of 
EAN, in which these cells initiate the process of blood-
nerve barrier disruption.56 Therefore, CSF analysis 
of patients with GBS may reveal pleocytosis of over 
50 cells/ mL with presence of polymorphonuclear cells.

2. Antiganglioside reactivity in classical Guillain-Barré 
syndrome
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Figure 9. Neurophysiological, MRI, and ultrasound findings from an 18-year-old patient with paraparetic Guillain-Barré syndrome without 
antiganglioside reactivity. A) Motor conduction recordings from the posterior tibial nerve on the fourth day of progression, showing normal 
compound motor action potentials (CMAP), both with proximal and with distal stimulation (14.4 mV and 18.9 mV, respectively), and normal 
motor conduction velocity (47 m/s); at this stage of progression, the only positive neurophysiological finding was absence of the H-wave. B) By 
day 12, both CMAP amplitudes had reduced considerably, to 1.7 mV (normal range, ≥ 3); we also detected a mild reduction of motor conduction 
velocity (39.4 m/s; normal range, ≥ 41) and minimal F-wave prolongation (55.5 ms; normal, ≤ 55); all of these findings would be explained by CMAP 
attenuation. Motor and sensory nerve conduction study findings from the upper limbs were normal. The patient was diagnosed with AMAN with 
seronegativity for antiganglioside antibodies. C, D) Sagittal and coronal post-contrast T1-weighted MRI sequences of the thoracic and lumbosacral 
spine, obtained on day 4 of progression, showing diffuse enhancement of the cauda equina (arrowheads), with only the ventral roots affected in the 
axial image at the L1 level (E, arrows). F) Sagittal ultrasound study of the ventral rami of the C6 and C7 spinal nerves (crosses indicate callipers), 
performed on day 3 of progression, showing the characteristic hypoechoic texture of the spinal nerves, with a partial loss of the epineurial hyperechoic 
rim. G) Transversal ultrasound study of the ventral ramus of the right C7 spinal nerve, whose blurred perimeter is indicated with a green dotted line; 
the cross-sectional area is abnormally large (27.47 mm2; normal range: 12.29 ± 5.3). Asterisks indicate the posterior tubercle of the seventh transverse 
vertebral process. This case illustrates three basic facts: 1) the relevance of the pathology of the proximal nervous trunks, and particularly of the 
spinal trunks in the sonography study, which is the only alteration detectable with imaging studies in the first four days of progression; 2) absence 
of the H-reflex, as the only neurophysiological alteration, also suggests proximal pathology62; and 3) despite the ultrasound alterations observed in 
the cervical spinal nerves, these may be subclinical. Taken from Berciano et al.90 AH: abductor hallucis; CM: conus medullaris; PF: popliteal fossa.



History of Guillain-Barré syndrome

79

As mentioned previously, anti-GM1 and anti-GD1a IgG 
antibodies are associated with axonal forms of GBS, and 
particularly AMAN, which is often preceded by C. jejuni 
infection. These antibodies present positive reactivity, 
either against a single species of ganglioside or against 
epitopes resulting from new structures formed of two or 
more gangliosides.103,104 As part of the IGOS programme, 
a recent study of 217 patients with pure motor GBS 
detected anti-GM1 antibodies in 122 (57.5%) cases.73 
Anti-GM1 and anti-GD1a antibodies disrupt the 
structure and function of nodes of Ranvier and the nerve 
fibre terminals, rapidly causing conduction failure; this 
may either resolve, with early recovery of motor deficit, 
or progress to destruction of the axon mediated by 
complement and calcium channels,103 potentially with 
paralytic sequelae.

Autopsy studies of patients with AMAN have shown that 
Wallerian degeneration most severely affects the spinal 
nerves,36 and is well correlated with ultrasound findings 
in axonal forms of GBS, including AMAN,77,90,94 and 
results of serial neurophysiological studies performed in 
62 consecutive patients with early GBS.105 The first NCS, 
performed between days 2 and 16 of progression (mean: 
8.4), revealed absent F-waves in 12 (19%); in subsequent 
follow-up studies, 10 of the 12 progressed to AMAN with 
seropositivity for anti-ganglioside antibodies. Kuwabara 
et al.105 concluded that “in GBS with antiganglioside 
antibodies, isolated absence of F-waves is a frequent 
conduction abnormality especially in the early phase of 
the disease, and may be caused by axonal dysfunction, 
such as physiological conduction block or axonal 
degeneration at the nerve roots.” In our understanding, 
paresis in early AMAN may involve two mechanisms78: 
1) antiganglioside antibody–mediated distal motor 
conduction block, and 2) conduction block in the ventral 
rami of spinal nerves induced by inflammatory oedema.

3. Neurofilament light chain: a new biomarker of 
axonal pathology

NfL is a neuronal cytoplasmic protein that is abundantly 
expressed in the axons of large-calibre myelinated fibres. 
CSF and serum NfL levels increase proportionally with 
the extent of axonal damage in numerous neurological 
diseases, such as stroke and inflammatory neuropathies.106

In a recent study, Altmann et al.107 reported NfL levels 
in 27 patients with GBS: 17 with AIDP, five with axonal 
forms, and five with an uncertain pattern. Serum samples 
were obtained in the first five days of progression. 

Mean NfL level was 85.5 pg/mL in patients and 9.1 pg/
mL in controls. High NfL levels were correlated with 
unfavourable progression; however, no significant 
differences were observed between the AIDP and axonal 
GBS groups. Prudently, the authors comment that:

Though sample size is too small to draw any 
conclusions, we believe that serum NfL are elevated 
even in primarily demyelinating disease which 
might be attributed to axonal damage below the 
threshold detectable by nerve electrophysiology. 
Neurophysiology may not represent what is really 
happening at the pathology level.

Ischaemic axonal damage secondary to early 
inflammatory oedema of the spinal nerves, a process 
common to all subtypes of classical GBS, seems to explain 
the “unexpected” elevation of NfL levels in AIDP.18,108,109

As part of the IGOS programme, the research group of 
Dr Luis Querol (Hospital de la Santa Creu i Sant Pau, 
Barcelona) studied NfL levels in 98 patients with GBS 
from 11 Spanish hospitals.110 Mean progression time 
at inclusion was four days (Q1-Q3: 3-6). Compared 
to controls, patients with GBS presented significantly 
elevated NfL levels both in serum (55.49 vs 9.83 pg/ mL) 
and in CSF (1308.5 vs 440.24  pg/mL). Higher NfL 
levels were correlated with unfavourable outcomes. 
Once more, NfL levels were significantly elevated in 
patients with AIDP (mean: 34 pg/mL), although lower 
than in pure motor axonal forms (mean: 164  pg/mL). 
NfL levels normalised over a year of follow-up. Cut-off 
points for NfL levels enabled prediction of the following 
outcomes at one year: inability to walk independently 
(>  319  pg/ mL), inability to run (>  248  pg/mL), and 
ability to run (< 34 pg/mL). 

In summary, NfL levels are elevated in early GBS, and 
are associated with clinical severity and axonal forms of 
the syndrome. Future studies with this biomarker should 
seek to better characterise the concepts of primary 
axonopathy (theoretically, this association should only 
be observed for AMAN/AMSAN) and axonopathy 
secondary to inflammatory oedema (which occurs 
in AIDP and axonal forms of GBS). The assumption 
that pure motor forms are examples of AMAN111 is 
inaccurate, as 11% of cases of AIDP present clinical/
neurophysiological signs of pure motor involvement,69 
and in the light of the unequivocal histopathological 
evidence that the substrate may be AIDP with massive 
secondary axonopathy.18,31 
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Epidemiology, aetiology, prognosis, and treatment

A detailed analysis of these nosological aspects, excellent 
reviews of which have recently been published,1-3,111,112 is 
beyond the scope of this historical overview. Rather, I will 
fundamentally focus on studies by my own research group.
GBS incidence rates are comparable on all five continents. 
In 1994, in a study of 69 patients assessed between 1975 
and 1988, we established an incidence rate for Cantabria 
of 0.95 cases per 100  000 population (95% CI: 0.72-
1.16).113 We observed a clear predominance of AIDP, with 
only eight exceptions: four cases of axonal GBS, two with 

Miller-Fisher syndrome, and two with pure sensory GBS. 
At three, six, and 24 months after onset, 70%, 46%, and 
12% of patients, respectively, presented poor prognosis. 
Factors associated with poor prognosis at three months 
were rapid symptom progression, long plateau phase 
duration, age over 40 years, pronounced weakness during 
peak severity, electromyography evidence of active 
denervation, and loss of nerve excitability. These findings 
were corroborated in another recent study conducted in 
Valdecilla, in which we observed a considerable increase 
in the frequency of axonal forms (28.5%), which suggests 
better understanding of the nosology of the syndrome.114 

Figure 10. Ultrasound study of the ventral rami of nerves C5-C7, obtained on the fifth day of progression in a patient with fulminant AIDP, who died four 
days later. A) Sagittal images showing disappearance of the epineurial hyperechoic rims (crosses indicate callipers; asterisks indicate the transverse processes). 
B-D) Short-axis ultrasound of the three cervical nerves, whose perimeters are marked with green dotted lines; their cross-sectional areas are abnormally large. 
Note the disappearance of the epineurial rims. Taken from Gallardo et al.94 CC: common carotid artery.
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It should be noted that axonal forms are the predominant 
variant in Asia and Central and South America.111

Multidisciplinary management,  including the 
development of mechanical ventilation and intensive 
care units, has been the main achievement in reducing 
the mortality rate associated with GBS. In patients with 
GBS and difficulty walking (≥ 3 on the Hughes scale),113 the 
treatment of choice is immunotherapy with intravenous 
immunoglobulin pulse therapy or plasmapheresis.1-3,112 
Complement inhibitors (eculizumab) appeared to be 
highly promising, although a recent meta-analysis of the 
two clinical trials conducted to date unfortunately found 
unclear results.115

As we have seen in the present study, inflammatory 
oedema is a pathogenic factor in the early stages of GBS 
and EAN; therefore, it would be prudent to remember a 
comment from Powell and Myers116:

Whereas brain oedema is universally understood 
as a medical emergency, the destructive impact 
on the peripheral nervous system of endoneurial 
oedema is less well appreciated. Measures to 
inhibit oedema and to ameliorate its effects have 
potential importance in protecting nerve fibres from 
ischaemic injury. 

It has been assumed in the literature that oral 
corticosteroids and intravenous methylprednisolone are 
not indicated.117 In my opinion, this rigid criterion should 
not be applied in the early stages of severe GBS, in which 
endoneurial inflammatory oedema of the spinal nerves 
has a confirmed pathogenic role, preceding ischaemic 
axonal damage. In neurological practice, we use 
steroidal treatments based on clinical evidence, despite 
a lack of double-blind clinical trials; such therapies 
include dexamethasone to treat symptomatic vasogenic 
cerebral oedema or spinal cord compression syndromes. 
It may be helpful to briefly describe the experience 
from the COVID-19 pandemic. The World Health 
Organization advised against the use of corticosteroids 
to treat critically ill patients with respiratory failure 
associated with COVID-19; however, it was known 
that an inappropriate immune response could provoke 
a systemic hyperinflammatory state capable of 
triggering a variable combination of respiratory distress 
syndrome and multiple organ failure. In the light of this 
pathogenic process, individual cases were treated with 
dexamethasone, culminating in a nationwide prospective 
clinical trial with the participation of 36 intensive care 
units; the results showed that early corticotherapy 

reduced mortality rates and the duration of stays at these 
units.118

Ma et al.119 conducted a retrospective study into the 
outcomes of corticotherapy in 251 patients with GBS 
(189 with AIDP and 62 with AMAN) treated at 31 
Chinese hospitals between 2013 and 2016. The reason 
for administering corticosteroids was their low cost in 
a clinical setting with limited access to more expensive 
treatments. The study showed corticotherapy to have 
beneficial outcomes in AIDP but not in AMAN. 
Unfortunately, it does not specify the time between 
clinical onset and treatment onset; this information 
is essential, given that this therapy aims to protect the 
axon from ischaemic damage occurring in the first 
days of disease progression. Whatever the case, this 
study and our pathogenic theories suggest that there 
is a therapeutic window for corticosteroids in severe 
GBS; these treatments should be started as early as 
possible (ideally within the first four days after symptom 
onset).85,86

Inflammatory oedema of the spinal nerves may 
constitute the basis of the nerve trunk pain reported 
in a considerable percentage of patients with GBS,119 
sometimes from onset, which is unbearable and 
refractory to treatment with non-steroidal anti-
inflammatory analgesics and even opiates.18 This pain is 
probably explained by irritation of the dorsal rami of the 
spinal nerves due to incipient inflammatory oedema. This 
pathophysiological mechanism probably contributes to 
AMAN with pseudoradicular pain and meningeal signs. 
The pathogenic role of oedema explains the existence of 
cases of GBS with intense, treatment-resistant back pain 
that responds well to corticosteroids.18,88,120

Areflexia at onset in Guillain-Barré syndrome: selective Ia 
afferent involvement?

Ropper et al.121(p84-6) wrote the following:
Areflexia is a core feature of GBS. The major 
importance of early reflex loss is emphasized by 
the frequency with which young patients with acral 
paresthesias are discharged from an emergency 
room with a diagnosis of anxiety, only to return 
with generalized weakness and respiratory failure. 
Attention to the depressed reflexes prevents this error 
[…]. The electrophysiologic cause of reflex loss is 
uncertain but evidence supports dispersion of high-
frequency synchronised afferent volley necessary 
to trigger the monosynaptic arc. Heterogeneous 
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slowing or block of Ia afferents would mute reflex 
before producing almost any other signs.

Ia afferent fibres (muscular afferent, subtype α) are the 
fastest (80-120 m/s) and largest (12-21 mm) fibres in the 
PNS.122 Some evidence suggests that acute compressive 
lesions can cause conduction failure in faster conducting 
fibres.123 In P2-induced EAN, baseline endoneurial fluid 
pressure can increase tenfold by the seventh day post-
inoculation (~1 vs 10 cm H2O); therefore, early EAN is 
simply a tubular model with oedema at high pressure,56 
which is plausibly applicable to GBS.

In clinical practice, afferent integrity can be evaluated 
indirectly by measuring spinal reflex function 
through exploration of T- or H-reflex.124 In early GBS, 
isolated absence of the H-wave may be the only NCS 
abnormality.62,90 The T-reflex merits specific comment.

Dr Antonio García, a member of my research group, 
refined the T-reflex testing technique in an initial 
study including 82 members of 27 unrelated families 
with Charcot-Marie-Tooth disease type 1A associated 
with DNA duplication (71 patients and 11 unaffected 
individuals) and 28 healthy controls.125 We concluded 
that T-reflex testing is a simple, reliable technique 
for diagnosing Charcot-Marie-Tooth disease type 
1A, given that the condition can be ruled out by the 
presence of normal T-reflex, preventing the unnecessary 
performance of further NCS. 

In 2018, we described five patients with cerebellar ataxia 
with neuropathy and vestibular areflexia syndrome 
(CANVAS) who presented preserved tendon reflexes, 
despite marked proprioceptive deficits in all four limbs.126 
NCS showed a normal motor conduction pattern, with 
absence or very pronounced attenuation of distal sensory 
potentials; somatosensory evoked potentials were also 
absent or attenuated. The T-reflex, on the other hand, 
was preserved in both biceps and femoral recordings in 
the four patients evaluated; however, Achilles T-reflex 
was absent in two of these patients. We concluded 
that CANVAS is an exceptional syndrome marked by 
selective preservation of Ia fibres in the context of a 
severe tabetic neuropathy with central and peripheral 
sensory axonopathy.

In a subsequent study in 2018, we described the case 
of a 36-year-old woman with a definitive diagnosis 
of classical GBS, who was admitted with history of 
paraesthesia ascending from the hands and feet, intense 
interscapular and neck pain, and tetraparesis.127 On day 

7, she presented generalised areflexia. Serial NCS were 
performed on days 7 and 33 of progression. The first 
study detected an unclear neurophysiological pattern, 
with conduction failure in the right radial nerve only; 
conduction parameters in the median, ulnar, peroneal, 
tibial, and sural nerves, as well as somatosensory evoked 
potentials from median and tibial nerves, were all normal. 
F-wave recordings (Figure 13A and B) showed reversible 
alterations consisting in the presence of multiple A-waves 
and low persistence of F-waves, although minimal 
F-wave latencies were preserved. In the initial T-reflex 
study, biceps recordings were normal, whereas Achilles 
T-reflex was absent, reappearing in the second study 
with normal morphology and latency (Figure 13C-F). 
H-reflex was also absent in the initial NCS. We concluded 
that the initial absence of the Achilles T-reflex, followed 
by complete recovery, in the context of normal motor 
and sensory nerve conduction findings with preserved 
somatosensory evoked potentials, suggested a reversible 
conduction failure of afferent Ia fibres. 

Analysing the neurophysiological alterations observed 
in CANVAS and GBS as a whole, we proposed that Ia 
afferents may present variable vulnerability, ranging from 
preservation to preferential involvement; T-reflex testing 
is a valuable technique for assessing their function.126-128

Franklin Delano Roosevelt’ s paralytic syndrome: paralytic 
poliomyelitis or Guillain-Barré syndrome?

Franklin Delano Roosevelt (1882-1945) was president 
of the United States from 4 March 1933 until his death 
on 12 April 1945. He was the only American president 
to win a third mandate. Through his New Deal policy, 
Roosevelt played a key role in the recovery from the 
financial crash of 1929, as well as intervening in the 
resolution of the Second World War and the creation of 
the United Nations. Given these circumstances, it is no 
surprise that Roosevelt was and is recognised as one of 
the most distinguished figures in American history, both 
nationally and internationally.129

On 10 August 1921, at the age of 39, while on holiday 
at his country house on Campobello Island (New 
Brunswick, Canada), Roosevelt presented a syndrome 
of acute ascending paralysis, which reached the 
facial nerves and was associated with fever, sphincter 
dysfunction, and numbness of the lower limbs; the 
acute syndrome was followed by intense pain lasting 
several weeks.129,130 He was initially attended by local 
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physicians and subsequently, a month later, at the New 
York Presbyterian Hospital. His wife, Anna Eleanor 
Roosevelt, was initially responsible for his general care, 
including intermittent urinary catheterisation. Roosevelt 
was diagnosed with paralytic poliomyelitis. Marked 
paraparesis with amyotrophy of the thighs and legs was 
the only permanent sequela. Roosevelt provided great 
support to programmes in the fight against poliomyelitis, 
sponsoring the Roosevelt Warm Springs Institute for 
Rehabilitation.

Roosevelt’ s diagnosis of poliomyelitis was systematically 
accepted by all sources until, in 2003, Goldman et al.130 
conducted an exhaustive review of all the available 

biographic data, including a Bayesian analysis comparing 
the likelihoods that the patient’ s signs and symptoms 
corresponded to paralytic poliomyelitis or to GBS. 
The authors concluded that the most likely diagnosis 
in Roosevelt’ s case was GBS, rather than paralytic 
poliomyelitis. Subsequently, as an author interested in 
GBS, I contacted Dr Armond G. Goldman, emeritus 
professor of paediatrics at the University of Texas 
Medical Branch, to tell him that we completely agreed 
with his conclusions.

As may be expected, given the celebrity of the patient, 
Goldman’ s study had a considerable impact both in the 
media and in the scientific literature. Goldman was widely 

Figure 11. Histological findings in the ventral ramus of the C6 nerve in the patient whose ultrasonography findings are shown in the previous figure. A) 
Semithin transverse section of the complete C6 nerve, showing a round area (arrows) with normal myelinated fibre density, while the rest of the endoneurial 
area displays spacing of nerve fibres due to inflammatory oedema, which is more pronounced in the subperineurial region (arrowheads) (scale bar = 50 µm). 
B) The subperineurial region shown at greater magnification; note the presence of oedema with mononuclear inflammatory cells (arrowheads) and denuded 
axons (arrows); however, active axonal degeneration is not observed (scale bar = 20 µm). The increased cross-sectional area described in the previous figure 
is caused by endoneurial oedema. The extension of inflammatory oedema to the epineurium (not shown) reduces its echogenicity, causing attenuation or 
disappearance of the physiological hyperechoic rim. Taken from Gallardo et al.94

https://es.wikipedia.org/w/index.php?title=Roosevelt_Warm_Springs_Institute_for_Rehabilitation&action=edit&redlink=1
https://es.wikipedia.org/w/index.php?title=Roosevelt_Warm_Springs_Institute_for_Rehabilitation&action=edit&redlink=1
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Figure 12. Ultrastructural sections of a postcapillary venule of the L5 nerve 
root. A) Note the widening of the interendothelial space (asterisks) and the 
presence of a lipid-laden macrophage; the arrow signals a tight junction 
(zonula occludens). L: vascular lumen (original magnification: ×4000). B) A 
neutrophil crossing the interendothelial space. L: vascular lumen (original 
magnification: ×8000). Taken from Berciano et al.102

criticised, to the extent that Ditunno et al.131 expressed 
themselves in the following terms: “we find no reason 
to question the diagnostic accuracy of poliomyelitis and 
wish to put this debate to rest.” The reaction of Goldman 
and colleagues to this criticism was as follows: 1) they 
wrote an additional article corroborating the diagnosis 
of probable GBS in Roosevelt and directly responding 
to the criticism received132; and 2) in 2017, Armond S. 
Goldman and Daniel A. Goldman133 published a book 
addressing the matter in detail.B

Goldman and Goldman give the following explanation 
for the title of the book, Prisoners of time: 

The physicians who care for FDR during his near-
fatal illness in August 1921 were trapped in the 
time in which they practiced medicine, when 
comparatively little was known about the biological 
and medical sciences needed to understand the 
cause of FDR’ s illness […] The theme that all of 
us are trapped in the circumstances of our time 
inspired the book title Prisoners of Time.

Based on my research group’ s experience with GBS, I 
wrote an article arguing that Roosevelt’ s sensory signs, 
a cardinal symptom in the first weeks of progression, are 
highly suggestive of GBS.134 According to the account of 
Goldman et al.,130,132 on day 1, the patient complained 
of a “slight case of lumbago.” On day 3, he presented 
transient numbness of the legs, which was replaced by 
intense pain. “His skin and muscle had developed a 
sensitivity to touch so painful that he could not stand the 
pressure of the bedclothes, and even the movement of 
the slightest breeze across his skin caused acute distress.” 
On day 5, Roosevelt had pain both in the back and in the 
legs; all muscles below the hips were extremely sensitive 
to touch, and wedges had to be placed to support his 
knees. This alarming situation lasted three weeks.

The pain described is characteristic of nerve trunk 
lesions (eg, spinal root compression or inflammatory 
neuropathy)119; together with the fact that Roosevelt 
also reported previous symptoms of sensory deficits, 
this suggests that the disease in question was not an 
inflammatory motor neuronopathy (poliomyelitis), but 
rather an acute ascending disease involving motor and 
sensory nerves; today, GBS is known to be the most 
frequent cause of such acute symptoms.

The original study by Guillain et al.4 went largely 
unnoticed in the English-language literature. In fact, it 
took two decades before Guillain himself presented the 
nosology of his syndrome in a North American journal.12 
It is noteworthy that, in 1921, none of the physicians 
attending Roosevelt probably considered an alternative 
diagnosis of GBS. 

BHaving made contact once more with Dr Armond S. Goldman, I wrote 
a review of their book (https://www.amazon.es/review/R38L6EGH28BE54/
ref=pe_1653011_66412171_cm_rv_eml_rv0_rv).

https://www.amazon.es/review/R38L6EGH28BE54/ref=pe_1653011_66412171_cm_rv_eml_rv0_rv
https://www.amazon.es/review/R38L6EGH28BE54/ref=pe_1653011_66412171_cm_rv_eml_rv0_rv
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Figure 13. Serial F-wave recordings from the right tibial nerve (A, B) and the bilateral Achilles T-reflex (C-F). In the first study (conducted on 
day 7 after symptom onset), the F-wave is preserved, with multiple A-waves (supramaximal stimuli) appearing before and after the F-waves 
(A, arrows); simultaneously, both T-reflexes are absent (C, E). A month later (bottom recordings), there were no A-waves (B), and Achilles 
T-reflexes were normal (D, F). Taken from García et al.127
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In summary, analysis of Roosevelt’ s illness exemplifies 
the huge changes in the nosology of GBS, a century since 
its original description. Despite all these developments, 
the syndrome continues to present great challenges, 
such as clarifying the pathophysiology of pain or axonal 
damage, which is responsible for permanent paralytic 
sequelae in a small but significant number of patients. 
Therefore, albeit from a different perspective, we remain 
prisoners of time.

Conclusion

This historical exploration of the nosology of GBS 
demonstrates the great advances in our understanding 
of this entity, although several of these achievements are 
controversial.
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