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Guillain-Barré Syndrome
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Abstract: Guillain-Barré syndrome (GBS) is caused by an inflammatory polyradiculoneuropathy, which most commonly
results from acute demyelination produced by a CD4 T-cell mediated response against myelin proteins. Axonal forms
have also been recognized. Molecular mimicry between components of the bacterial wall of Campylobacter jejuni and
gangliocytes in the membranes of peripheral axons may be responsible for some cases of axonal GBS. Immune therapy
with plasma exchange or intravenous immunoglobulin is the standard of care for the treatment of patients with acute GBS.
This review summarizes available information regarding the pathophysiology, clinical manifestations, therapeutic consid-

erations, and prognosis of this disorder.

Guillain-Barré syndrome (GBS, or better Guillain-Barré-
Strohl syndrome to recognize the three authors responsible
for the first description of this disorder) [1] is an inflamma-
tory polyradiculoneuropathy characterized by the acute de-
velopment of diffuse weakness and areflexia. This syndrome
encompasses various subtypes, the most common of which is
acute inflammatory demyelinating polyradiculoneuropathy
(AIDP). Less common are the axonal variants, acute motor
axonal neuropathy (AMAN) and acute motor and sensory
axonal neuropathy (AMSAN), and the atypical forms with
more localized clinical expressions such as the Fisher syn-
drome [2]. AIDP is responsible for most cases of GBS in the
United States and Europe [3,4]. Axonal forms are more
common in China, Japan, and perhaps Central America [5,6].

EPIDEMIOLOGY

Most population-based studies report an incidence of 1.2
and 1.9 cases of GBS in 100,000 individuals per year [2,4].
The incidence tends to increase steadily with age. Men are
affected slightly more often than women. Most cases are
sporadic and exceed a relatively stable incidence in the popu-
lation over the years. However, epidemic outbreaks of cases
of GBS have been reported, most notably, summer outbreaks
in China linked to contamination of water by Campylobacter
jejuni [5,7].

Preceding infections are noted in nearly two-thirds of
patients with GBS [8,9]. Implicated microorganisms include
Campylobacter jejuni, cytomegalovirus, Epstein-Barr virus,
Haemophilus influenza and Mycoplasma pneumoniae. Im-
munizations with vaccines have been linked with recurrence
of GBS. Over the last two decades there has been a steady
decline in the number of cases of GBS related to influenza
vaccine. The risk of developing GBS as a complication of
influenza of vaccine at the present time is no larger than 1:
1,000,000 [10]. Rabies vaccine containing brain material
may result in GBS in 1: 1,000 immunizations. There is no
convincing evidence that any other vaccines carry a risk of
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inducing GBS as a complication. Sporadic cases of GBS can
occur after surgeries, in patients with cancer, after transplan-
tations, and in patients with HIV infection [11]. The rather
paradoxical occurrence of GBS, an autoimmune condition,
in patients with immune depression is likely explained by a
dysregulation of the mechanisms modulating immune re-
sponses.

PATHOPHYSIOLOGY

The pathogenesis of GBS varies across subtypes. In
AIDP the predominant mechanism responsible for the de-
myelination seems to be a CD4 T-cell mediated response
against myelin proteins (P2, PO, or PMP22) [12]. Multifocal
mononuclear cell infiltration is observed in peripheral
nerves, nerve root, and cranial nerves throughout the body.
Myelin destruction is caused by invasion of macrophages
targeted against antigens on the membrane of Schwann cells
or the myelin sheath [13]. Activation of macrophages is me-
diated by T lymphocytes. An alternative pathophysiological
theory implicates a complement-mediated myelin attack
[14]. Axons are not the primary immunological target in this
form of the syndrome. No antibodies have been found to
have a pathogenic role in the genesis of AIDP.

The axonal forms of GBS, such as AMAN, have a differ-
ent pathophysiology. The lack of lymphocytic infiltrates in
pathological samples attest to the lack of significant activa-
tion of cellular immunity. Instead, antibodies directed
against specific antigens on the axolemma are responsible
for the activation of macrophages that then attack the nodes
of Ranvier leading to axonal damage with relative preserva-
tion of the myelin sheath [15]. Cases of AMAN often have
detectable antibodies against gangliosides in the serum. Dif-
ferent subtypes of axonal GBS are associated with different
antibodies, although the associations are far from exclusive.
The most frequently found antibodies are GM1 and GM1b in
patients with AMAN, GD1a antibodies in patients with acute
sensory neuronopathy, and GQ1b antibodies in patients with
the Fisher variant (although this seems to be more a demye-
linating than an axonal disorder) [16,17].

Molecular mimicry between components of the bacterial
wall of Campylobacter jejuni and gangliocytes in the mem-
branes of peripheral axons is thought to be responsible for
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the cases of axonal GBS triggered by Campylobacter jejuni
infection [17-19]. Lipo-oligosaccharide (LOS) is one of the
most important cell-surface structures expressed by Campy-
lobacter jejuni [20]. The terminal tetrasaccharides of the
purified LOS have been shown to be identical to those en-
countered in GM1 ganglioside [21]. Genetic studies assess-
ing the effect of truncated forms of LOS on antibody forma-
tion indicate that a certain core oliogosaccharide (HB93-13)
appears to be essential for the induction of anti-GM1 (and
anti-GD1a) antibodies [22]. In an experimental model, Japa-
nese white rabbits repeatedly injected with an LOS fraction
of Campylobacter jejuni containing the GM1-like portion
were found to develop pathological and immunohistochemi-
cal changes compatible with the features of human AMAN
[23]. Infection with Campylobacter jejuni bearing a GTla-
like or GD1c-like LOS could also induce anti-GQ1b IgG
antibodies in patients with the Fisher variant [20]. There is
no evidence that this mechanism of molecular mimicry trig-
gered by Campylobacter jejuni infection can induce AIDP
[24].

Similar mechanisms of a cross reactivity between micro-
bial and nerve antigens have been postulated for other mi-
croorganisms (Haemophilus influenza, Mycopplasma pneu-
moniae, and cytomegalovirus) that may result in cases of
AMAN and Fisher variant, but the supportive evidence is
much weaker than in the case of Campylobacter jejuni [20].
It is not clear why only certain patients exposed to these in-
fections develop a complication in the peripheral nervous
system since no specific immunogenetic markers have been
identified in populations of patients with GBS.

CLINICAL PRESENTATION

The clinical presentation of GBS is often quite character-
istic but far from uniform. The first manifestations are typi-
cally sensory symptoms. Dysesthesias are reported in the
distal portions of the limbs and tend to be symmetric. Often
patients complain of pain that may involve the lower back or
the limbs. Weakness only begins to develop within the next
one to two days. The speed of progression of the weakness is
a good predictive marker of the subsequent severity of the
disease. Hence, the risk of developing severe muscle paraly-
sis and possible respiratory failure correlates with the rate of
progression of weakness.

Over the course of the disease, hyporeflexia or areflexia
always become apparent. However, initially patients may
have normal reflexes or even be hyperreflexic. In fact, the
presence of hyperreflexia in the very early stages of GBS is
not at all uncommon and may be related to the disruption of
inhibitory mechanisms at the level of the spinal cord [25].
The muscle weakness tends to involve proximal muscles
early and tends to affect the legs earlier than the arms. The
denomination of ascending paralysis is therefore related to
the sequence of leg followed by arm involvement rather than
a distal to proximal progression. The severity of weakness
characteristically reaches its peak in less than four weeks
[26]. The condition is classified as subacute if the peak of the
severity of weakness is reached between four and eight
weeks after symptom onset and chronic if such peak is
reached more than eight weeks later.

Bilateral facial weakness if often encountered. Ophthal-
moplegia is observed less frequently but it is a characteristic
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feature of the Fisher variant which also exhibits various de-
grees of ataxia along with generalized areflexia. Oropharyn-
geal weakness may occur, particularly in patients with
marked bilateral facial weakness and ophthalmoplegia. It
may result in dysphagia and, in most severe cases, also
dysarthria. Risk of aspiration is increased in these patients.
Bilateral ptosis is also a frequent feature in patients with
ophthalmoplegia.

Neuromuscular respiratory failure is the most feared
complication of GBS [27]. It occurs in up to 25% of patients.
Diaphragmatic failure is primarily responsible for the venti-
latory insufficiency and its cardinal clinical expression is the
paradoxical breathing pattern. The degree of diaphragmatic
weakness often correlates fairly well with the strength of
neck flexion. As noted in the next section, bedside pulmo-
nary function tests can be used to monitor, respiratory mus-
cle function.

Autonomic disturbances represent another cardinal fea-
ture of GBS patients. Manifestations of autonomic dysregu-
lation include postural hypotension, diaphoresis, tachycardia,
ileus, bladder retention, hypertension, and potentially life-
threatening arrhythmias or cardiac arrhythmias [28-30].
Myocardial stunning has been reported with severe GBS
[31]. Signs of autonomic dysfunction may dangerously
worsen as the patient rapidly evolves into a respiratory fail-
ure.

Although primarily a motor disorder once the disease has
been established, patients with severe GBS often complain
of excruciating pain. Dysesthesias may also be prominent
and quite refractory to treatment. The pain is experienced as
deep and frequently has neuropathic features. It may be lo-
calized or generalized.

The differential diagnoses to be considered in patients
presenting with acute paralysis is listed in Table 1.

LABORATORY EVALUATION

Electrophysiology represents the most important labora-
tory study to confirm the diagnosis of GBS in all its forms.
Electrophysiological testing must be done as early as possi-
ble after presentation and should be repeated on a weekly
basis to further confirm diagnosis and for prognostic pur-
poses. Slow motor nerve conduction velocity is an early and
characteristic finding of patients with AIDP [32]. Conduc-
tion blocks (drop in the muscle action potential amplitude
when a site of proximal simulation is compared to distal
stimulation of the same nerve) appear later, but are more
specific of this disorder [32]. The sensitivity of electrodiag-
nosis is increased by testing F ways and H reflexes (which
assess the integrity of the roots), both of which become ab-
normal early in the disease course. Sensory conduction is
typically normal in the sural nerve and abnormal in the me-
dian nerve.

Another important aspect of studying the nerves early is
that it provides the best chance to allow differentiation be-
tween demyelinating and axonal forms of GBS. In severe
cases of demyelinating GBS, axonal loss will occur over
time and, as it does, nerves become inexcitable. Presence of
early motor nerve inexcitability represents a reliable marker
of axonal polyradiculoneuropathy.
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Table 1. Differential Diagnosis of Patients with Acute Paraly-

SIS

Brainstem stroke (ischemia, hemorrhage)

Spinal cord compression

Transverse myelitis (e.g. idiopathic, SLE, MS, WNV)

Poliomyelitis

Carcinomatous or lymphomatous meningitis

Infectious polyradiculoneuropathy (e.g. CMV in HIV-infected patients,
Lyme)

Vasculitic neuropathy

Acute intermittent porphyria

Tick paralysis

Poisonous bites (e.g. black widow spider)

Organophosphate poisoning

Ciguatera poisoning

Critical illness myopolyneuropathy

Myasthenia gravis

Persistent pharmacological paralysis (from neuromuscular blocking
agents)

Botulism

Periodic paralysis

Severe polymyositis

Hyperalimentation-induced hypophosphatemia

CMV, cytomegalovirus; HIV, human immunodeficiency virus; MS, multiple sclerosis;
SLE, systemic lupus erythematosus; WNV, West Nile virus.

Lumbar puncture is also useful test in patients with GBS.
The typical finding is elevation of spinal fluid protein level
without any similar inflammatory response (albumino-
cytological dissociation) [1]. However, it is important to re-
member that the elevation in the protein level may not occur
until days after the first symptoms of the disease have be-
come present. Moreover, treatment with intravenous immu-
noglobulin may result in subclinical aseptic meningitis that
may confound the cerebrospinal fluid profile by producing a
rise in the number of nucleated cells.

Other diagnostic studies are mostly focused on excluding
coexisting conditions, such as HIV infection and West Nile
virus infection. Testing for ganglioside antibodies or markers
of microorganisms that have been implicated in the patho-
physiology of GBS has no proven practical value.

GENERAL MANAGEMENT IN THE INTENSIVE
CARE UNIT

The most severe patients with GBS will require attention
in an intensive care unit (ICU) setting. Admission to the ICU
may be required for closer monitoring or treatment of com-
plications of the disease. A list of potential indications for
ICU admission is found in Table 2. The priorities of general
ICU care in patients with GBS include management of respi-
ratory failure, evaluation and treatment of manifestations of
autonomic dysfunction, proper nutrition, pain control, and
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Table 2. Indications for ICU Admission in Patients with Guil-

lain-Barré Syndrome

Neuromuscular respiratory failure

Severe bulbar weakness with poor airway protection

Aspiration pneumonia

Marked blood pressure fluctuations

Cardiac arrhythmias

Rapidly progressive weakness

Rapidly declining bedside respiratory parameters

Sepsis

Suspicion of pulmonary embolism

prevention of systemic complications such as infections and
deep venous thrombosis [27].

Adequate care of patients with GBS in the ICU requires a
multidisciplinary approach and must involve nursing staff
with experience in the care of neurological patients, respira-
tory therapists with experience with patients with neuromus-
cular weakness, pharmacists, nutritionists, and physical and
occupational therapists. Incorporating these various members
of the team from the time the patient is admitted to the ICU
is essential to maximize the quality of care.

RESPIRATORY FAILURE

The most common cause of respiratory failure in patients
with GBS is progression of neuromuscular weakness leading
to insufficient ventilation [33]. Inefficient inspiration is due
to diaphragmatic weakness and results in alveolar hypoventi-
lation. Therefore, the earliest expression of this disorder on
arterial blood gases is a mild decline in PO, This translates
clinically into progressive recruitment of accessory respira-
tory muscles, tachypnea and dyspnea. Expiratory muscle
weakness decreases the strength of the cough reflex, thus
impairing the clearance of bronchial and tracheal secretions
and increasing the risk of aspiration and pneumonia.

Bulbar weakness may compromise the ability of the pa-
tient to protect the airway [33]. Decreased muscle tone in the
tongue and oropharyngeal muscles may predispose to me-
chanical airway obstruction particularly at night, when mus-
cle tone physiologically decreases. Meanwhile, weakness of
oropharyngeal, lingual and facial muscles may interfere with
the normal protective reflexes (e.g. cough) and facilitate the
occurrence of aspiration.

Patients admitted to the ICU with GBS should be exam-
ined at frequent intervals to detect any progression of neu-
romuscular failure. Useful clinical signs include respiratory
rate, cough strength, span of numbers that the patient can
count with a single breath, strength of bulbar muscles,
strength of neck flexion and shoulder shrug, and, most no-
ticeably, breathing pattern [34]. As mentioned earlier, para-
doxical breathing is a marker of diaphragmatic failure and
impending respiratory collapse [34]. It consists of the para-
doxical inward movement of the abdominal wall muscles
during inspiration. It is typically associated with significant
respiratory distress manifested in the form of diaphoresis and
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tachycardia. By the time paradoxical breathing occurs, de-
velopment of hypercapnia and profound hypoxia may follow
quite rapidly.

Measurements of vital capacity and forced inspiratory
and expiratory pressures can be performed at the bedside and
are useful in monitoring patients with GBS. We typically
monitor these parameters every four hours while the patient
is awake and every six hours during sleep time. Tradition-
ally, a forced vital capacity lower than 15 ml/kg is consid-
ered an indication for intubation and mechanical ventilation.
However, in some instances this criterion may be rather con-
servative. In a study of 114 consecutive patients with severe
GBS admitted to our Neurological ICU, we found that a vital
capacity lower than 20 ml/kg, maximal inspiratory pressure
lower than 30 cm H,0, maximal expiratory pressure lower
than 40 cm H,0, or a reduction of more than 30% in vital
capacity, maximal inspiratory pressure, or maximal expira-
tory pressure were predictive of progression to mechanical
ventilation [35].

It is important not to rely on any single factor when de-
ciding whether the patient requires mechanical ventilation.
This advice is particularly applicable to bedside respiratory
measures because they are effort dependent and may be
negatively influenced by bulbar weakness, which may result
in insufficient sealing of the mouth around the spirometer.
Thus, it is always safer to repeat the testing three times and
use the best performance of the patient as guidance. On the
other hand, it is always safer to intubate patients electively
before a crisis ensues since emergency intubation in patients
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with GBS can have devastating consequences [36]. Apart
from the respiratory function parameters mentioned before,
rapid progression of weakness, bulbar dysfunction and bilat-
eral facial weakness and signs of autonomic dysfunction are
additional factors that predict requirement of mechanical
ventilation (Fig. 1) [35]. Therefore, one should have a lower
threshold to electively intubate patients that meet these crite-
ria.

When evaluating arterial blood gases in patients with
GBS, it is important to recognize that hypercapnia is a late
phenomenon. Mild hypoxia initially occurs as a consequence
of microatelectasis. Microatelectases are caused by dia-
phragmatic weakness. Patients in supine position tend to
develop atelectasis in dependent lung regions which are also
the areas receiving most blood flow in this position. The
situation creates a ventilation- perfusion mismatch responsi-
ble for the mild hypoxia. Nonetheless, this situation tends to
be mild in the initial phases of neuromuscular respiratory
insufficiency. During this time, oxygen saturation may re-
main within normal range and the initial evidence of hypoxia
may be erroneously dismissed as insignificant. Techniques
of lung expansion in patients with marginal tidal volumes,
such as frequent incentive spirometry and chest physiother-
apy, may be of help at this time.

Signs of progression of respiratory muscle weakness,
worsening of bedside respiratory function parameters, or
persistent decline in oxygen saturation should be considered
indications for elective intubation. Unlike what we have seen
in patients with myasthenic crises, non-invasive ventilation

Fig. (1). Proposed algorithm for the management of patients with Guillain-Barré syndrome based on clinical and bedside respiratory parame-
ters. VC, (forced) vital capacity; PImax, maximal inspiratory pressure; PEmax, maximal expiratory pressure. Modified with permission from

Lawn et al. [35].
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with BiPAP mask does not appear to be an effective alterna-
tive in patients with GBS [37]. Once the respiratory muscle
weakness reaches a critical point, hypercapnia develops rap-
idly and is soon followed by profound hypoxia requiring
emergency intubation. Sudden development of hypercapnia
may also be caused by aspiration, mucous plugging, or upper
airway obstruction from profound bulbar muscle weakness.

Once the patient is intubated, mechanical ventilation
should be started. The most common ventilatory mode used
in patients with GBS is synchronized intermittent mandatory
ventilation (SIMV). Sometimes, at the very onset of me-
chanical ventilation, some patients feel more comfortable on
assist-control mode. It is important for patients with GBS,
especially those who required emergency intubation, to rest
for the first 24 to 48 hours. To achieve this objective, the
patient’s work of breathing should be initially minimized by
providing full mechanical ventilatory support. Ventilatory
settings should include adequate levels of pressure support,
positive end-expiratory pressure (PEEP) to prevent further
atelectasis, and tidal volumes sufficient to achieve adequate
lung expansion (low tidal volumes should be reserved for
patients with pre-existent lung disease or evidence of acute
lung injury). We typically use tidal volumes between 8 and
12 ml/kg in patients with neuromuscular respiratory failure
such as GBS.

Post-intubation bedside respiratory tests can provide a
measure to monitor respiratory status in GBS patients. An
integrated pulmonary function score (PF ratio) has been de-
scribed to guide the timing of extubation [38]. Progressive
improvement in vital capacity and maximal inspiratory and
expiratory pressures predict successful weaning from me-
chanical ventilation. It is useful to conceptualize the process
of weaning as a form of respiratory reconditioning [27]. By
doing so, one can easily understand why a period of high
respiratory demand during which the patient does most of
the effort should be alternated with adequate periods of rest,
which in the beginning phases of weaning should span
through the night. Weaning is achieved first by reducing the
rate on the SIMV mode and subsequently by reducing pres-
sure support. The practice of using T-piece trials is accept-
able in patients without significant comorbidities and no evi-
dence of active dysautonomia. However, these trials may not
be tolerated by older patients and may be dangerous in pa-
tients with cardiac arrhythmia from autonomic dysregula-
tion. Anxiety may play a significant role during the weaning
process, especially in patients who have been intubated for
longer periods of time and those who were emergently intu-
bated because of severe respiratory distress. Verbal reassur-
ance and, in some cases, prescribing a low dose of a minor
tranquillizer such as alprazolam may be useful interventions.

In some patients with GBS, weaning may not be possible.
Recognizing the need for tracheostomy may be important
since early tracheostomy may reduce the incidence of com-
plications from prolonged endotracheal intubation. Among
other advantages, tracheostomy allows better suctioning of
airway secretions and pulmonary toilet. Tracheostomies are
most often needed in patients who are elderly or have preex-
istent pulmonary disease [39]. Lack of improvement of bed-
side respiratory parameters is also associated with increased
chances of weaning failure and a need for a tracheostomy.
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Pulmonary complications are the most common systemic
complications in patients with severe GBS admitted to the
ICU [40]. They include tracheobronchitis, pneumonia, and
lobar atelectasis. Therefore, aggressive pulmonary toilet is
mandatory; it should include frequent endotracheal suction-
ing using aseptic technique. Chest radiographs should be
checked daily or every other day. Changes in the quality or
quantity of respiratory secretions, leukocytosis and fever
should be considered suspicious for pneumonia. After ob-
taining adequate respiratory samples for culture, it is reason-
able to initiate antibiotic coverage for nosocomial pneumo-
nia that may be stopped after three days if the diagnosis is
not confirmed. Coverage for aspiration should always be
considered in patients with GBS. The proper position of
feeding tubes should be carefully confirmed prior to initiat-
ing enteral feedings since patients with GBS have impaired
ability to protect themselves from aspiration.

AUTONOMIC DYSFUNCTION

Patients with severe GBS may present with the various
complications from autonomic dysfunction including poten-
tially fatal cardiac arrhythmias [41,42]. Hence, it is essential
to keep patients with severe GBS under cardiac telemetry
surveillance. While hypertension predominates, spells of
hypotension may occur and are often unpredictable. They
may be triggered by tracheal suctioning, bladder manipula-
tion or ocular pressure. Apart from these vagal spells, hy-
potension can also be caused by adrenergic failure and result
in profound orthostatic changes.

While transient drops in blood pressure may be left un-
treated, persistent hypertension should trigger action. Patient
may be initially placed in Trendelenburg’s position. Intrave-
nous fluids and colloids may be used for volume expansion
especially if there is suspicion that the patient may be hypo-
volemic. Vasoactive drugs should be used with caution be-
cause of the possibility of exaggerated response secondary to
underlying denervation hypersensitivity. In our experience,
most episodes of hypertension in patients with GBS can be
successfully controlled with fluid administration. Sustained
elevations of blood pressure of sufficient severity to warrant
treatment are fortunately uncommon. In elderly patients, the
threshold to treat hypertension should be lower in order to
prevent complications from possible congestive heart failure.
Beta blockers should be administered with great caution in
patients with GBS since their use may be complicated by
sudden hypotension and bradycardia. It is always preferable
to use first agents with short half life and avoid very potent
medications except in cases of true emergencies. Low doses
of hydralazine or ACE inhibitors can be used in less severe
cases. Very careful use of nicardipine or nitroprusside is re-
served for very severe hypertension or cases with target or-
gan complications.

Cardiac arrhythmias are the most threatening manifesta-
tion of autonomic dysfunction in patients with GBS [41].
Sudden bradycardia and asystole can result from exaggerated
vagal activity. Tachyarrhythmias can originate from su-
praventricular or ventricular sources. Their treatment does
not differ from arrhythmias produced by other causes. Re-
duced variation in the R-R interval and severe hypertension
are predictors of increased risk for serious arrhythmias [43].
Whenever severe arrhythmia occurs, while dysautonomia
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may be the may be the most likely mechanism, other causes
should be excluded, including myocardial ischemia, pulmo-
nary embolism, or hypoxia. After an episode of symptomatic
bradyarrhythmia, the risk of subsequent severe bradycardia
and asystole is increased; therefore, these patients should be
considered candidates for elective pacemaker placement un-
less a trigger for the bradycardia can be identified and
avoided.

Other common manifestations of autonomic dysregula-
tion that require attention and potential treatment include
anhidrosis or excessive diaphoresis, urinary retention or most
likely incontinence, gastroparesis, adynamic ileus, and con-
stipation or less likely diarrhea. Bladder dysfunction is best
treated with intermittent bladder catheterization. Stool sof-
teners should be given routinely to all patients with GBS.
Gastroparesis and ileus should be treated with intermittent
nasogastric suctioning if necessary. Intravenous metoclo-
pramide, a stimulant of gastric peristalsis, should be used
with extreme caution because it has been reported to induce
sinus arrest [44]. Adynamic ileus may occur in up to 15% of
patients with severe GBS [30]. Its occurrence may be trig-
gered by the use of opiates for pain. Combined use of gastric
suctioning and rectal tube usually suffices to allow recovery
of intestinal motility without complications. Although neo-
stigmine has been used successfully in other patients with
adynamic ileus, its use is much riskier in patients with GBS
since it can be complicated by severe bradycardia. In refrac-
tory cases of ileus, parenteral nutrition may be needed to
sustain the patient’s caloric requirements.

CONTROL OF PAIN

Pain is common and frequently severe in patients with
GBS [45]. It may be ameliorated by frequent body reposi-
tioning, physical therapy with stretching exercises, and use
of analgesic medications when necessary. Acetaminophen
and non-steroidal anti-inflammatory drugs such as ketorolac
(15 to 30 mg every six hours) are the usual first pharmacol-
ogical choice. Tramadol 50 to 100 mg every six hours repre-
sents another good option. Narcotics such as fentanyl or
morphine should be reserved for cases with more intense or
refractory pain. If opiates are prescribed, the patient should
be particularly monitored for the high risk of developing
ileus. Frequently, the pain has neuropathic features such as
burning, tingling, or electric sensation. In these cases, the use
of agents for neuropathic pain may be very beneficial. Op-
tions include tricyclic antidepressants (such as nortriptyline
or amitriptyline), gabapentin, pregabalin, and duloxetine.
When using tricyclic anti-depressants, it is important to keep
in mind that these agents may result in exacerbation of or-
thostatic hypotension. While antidepressants may confer the
added benefit of mood enhancement, this potential benefit
does not become manifest until two to three weeks following
initiation of the drug.

NUTRITION

Patients with GBS in the ICU have considerably in-
creased metabolic requirements. This should be taken into
account when calculating the patient’s caloric needs. Enteral
feeding should be instituted as soon as possible in patients
with bulbar weakness or endotracheal intubation. The
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position of the tip of the feeding tube should be carefully
checked before starting enteral feedings because patients
with GBS have increased risk for aspiration. For this reason,
radiographic confirmation of proper tube positioning is re-
quired in all cases. Enteral feeding should be started at low
rates since patients with GBS often have gastroparesis which
may result in high residual volumes. Subsequently, the rate
of administration should be increased slowly to reach the
target caloric supply. Patients must be frequently monitored
for signs of ileus. Nutrition should be complemented with
adequate intravenous hydration and increased insensible
losses need to be taken into account in patients with profuse
diaphoresis or diarrhea. Electrolytes should be monitored,
especially sodium since patients with GBS may develop hy-
ponatremia from inadequate secretion of antidiuretic hor-
mone [46]. Parenteral nutrition should be reserved for pa-
tients with refractory ileus.

GENERAL CARE MEASURES AND PREVENTION
OF SYSTEMIC COMPLICATIONS

Since patients with severe GBS may be immobilized for
days, it is important to institute effective measures to prevent
deep venous thrombosis [45]. Subcutaneous heparin (5000
units every 8 to 12 hours) should be combined with com-
pression stockings and intermittent air compression devices.
Patients who develop acute dyspnea and hypoxia should
raise the suspicion of pulmonary embolism and prompt
emergent investigations to exclude this diagnosis. When in
doubt, intravenous heparin may be used until a pulmonary
embolism can be excluded.

Stress gastroduodenal ulcers can be prevented by using
H2 receptor blockers such as ranitidine or famotidine (pro-
ton-pump inhibitors such as pantoprazole can also be used
but their efficacy for the prevention of stress ulcers has not
been formally established). Frequent body turning, prefera-
bly every two hours while the patient is awake and every six
hours during sleep, is necessary to prevent pressure sores and
compression nerve palsies. Areas of particular risk for com-
pression include the elbows and lateral aspects of the legs at
the level of the fibula head regions (ulnar and peroneal nerve
compression respectively). Using elbow pads and cushions
between the legs when the patient is in lateral decubitus are
useful interventions. Physical therapy should be started early
since passive motion exercises are useful to prevent contrac-
tures, ameliorate venous stasis, and contribute to the pa-
tient’s feeling of well-being.

Severe GBS can be a very unsettling experience for the
patient. Psychological support should always be provided.
Refractory cases with slow recovery may benefit from anti-
depressant medication.

IMMUNOTHERAPY

Immunomodulatory therapy has become the standard of
care for the treatment of patients with severe GBS [47]. The
options include plasma exchange and intravenous immuno-
globulin. Corticosteroids have been repeatedly tested but,
when used in isolation, they do not appear to confer any
benefit. New immune treatment options are being investi-
gated for the most refractory GBS cases.



Guillain-Barré Syndrome

PLASMA EXCHANGE

Plasma exchange has been considered the gold standard
for the immune treatment of patients with GBS for the last
two decades. A Cochrane systematic review evaluated six
trials comparing plasma exchange versus supportive care
[48]. The benefit of plasma exchange was documented in a
variety of outcome measures including improvement in dis-
ability grade, time to recovery of ambulation without aid,
percentage of patients requiring artificial ventilation after
four weeks, duration of mechanical ventilation, and full re-
covery of muscle strength after one year. Specifically, in five
trials evaluating 623 participants, plasma exchange substan-
tially reduced a proportion of patients requiring mechanical
ventilation after four weeks (from 27% to 14%; relative risk
0.53) [48]. In four studies evaluating this outcome, the re-
covery of full muscle strength after one year was increased
from 55% in control subjects to 68% in patients treated with
plasma exchange (relative risk 1.24). The benefits of plasma
exchange have been documented for patients with severe
GBS treated within four weeks of symptom onset and for
patients with moderate disease (still ambulatory) when
treated within two weeks of symptom onset. The benefit is
greatest when that treatment is started earlier and there are
no studies addressing the effect of plasma exchange when
started more than 30 days after symptom onset.

The regimen of plasma exchange typically consists of
exchanging one to two plasma volumes (50-100 ml/kg) on
five separate occasions over one to two weeks. Single studies
have shown that four plasma exchanges were superior to
two, but six plasma exchanges are not superior to four. It is
not clear whether continuous flow plasma exchange is supe-
rior to intermittent flow (one study showed superiority and
another showed no significant difference between the two
techniques). The preferred replacement fluid is albumin
since a higher rate of adverse events was seen when fresh
frozen plasma was used [49].

The rate of complications with plasma exchange in pa-
tients with GBS is relatively low. In fact, in the trials in-
cluded in the Cochrane systematic review there were fewer
cases of infectious complications and cardiac arrhythmias
among patients treated with plasma exchange than in the
control group [48]. Most complications are related to prob-
lems with venous access. The other potential adverse events
include hypotension, septicemia, pneumonia, abnormal clot-
ting, and hypocalcaemia. Although expensive, the cost of
plasma exchange is more than offset by the savings in health
care cost that result from shorter ICU and hospital stays [50].

In summary, plasma exchange is recommended for non-
ambulatory GBS patients within four weeks of symptom
onset and for ambulatory GBS patients within two weeks of
symptom onset [47].

INTRAVENOUS IMMUNOGLOBULIN

Since intravenous immunoglobulin came into use after
plasma exchange had already become a proven treatment for
patients with GBS, there have been no large trials comparing
intravenous immunoglobulin with placebo for this indica-
tion. In a small trial comparing intravenous immunoglobulin
with supportive treatment in a population of children showed
that recovery was hastened by intravenous immunoglobulin
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[51]. There have been six randomized trials comparing intra-
venous immunoglobulin with plasma exchange. These trials
were systematically analyzed in a Cochrane systematic re-
view [52]. Most participants in these trials were unable to
walk unaided and had developed their first symptoms less
than two weeks before enrollment. There were no significant
differences between plasma exchange and intravenous im-
munoglobulin in these trials in various outcome measures
including improvement in disability after four weeks, dura-
tion of mechanical ventilation, recovery of an unaided ambu-
lation, and proportion of patients dead or disabled after one
year. A small study in children suggested that intravenous
immunoglobulin could hasten recovery compared with
plasma exchange; however, this differential effect remains to
be confirmed [53].

In general, the rate of adverse events in these trials was
lower among patients treated with intravenous immuno-
globulin [52]. Particularly, multiple complications were
more common with plasma exchange [54]. However, the
lack of standardized definitions for side effects across the
studies prevents a meta-analysis using the occurrence of
complications as endpoint. Overall, both therapies are rela-
tively safe and the choice of which one to use depends pri-
marily on the experience of each particular center. The most
common adverse events with intravenous immunoglobulin
are vomiting, meningismus, renal failure, myocardial infarc-
tion and infusion site erythema.

The regimen of administration of intravenous immuno-
globulin is typically 0.4 g/kg per day for five days. The
mechanism of action of intravenous immunoglobulin is not
fully clarified and probably complex and multifactorial. It
may involve blockade of Fc receptors, provision of anti-
idiotypic antibodies, interference with complement activa-
tion, and T-cell regulation [55].

In conclusion, intravenous immunoglobulin is recom-
mended for patients with severe GBS who present within
two weeks of symptom onset [47]. Although, intravenous
immunoglobulin has not been formally evaluated when
started after two weeks from symptom onset or given to pa-
tients with moderate disability, it may be a reasonable alter-
native to plasma exchange in these patients as well.

COMBINATION TREATMENT

Only one trial has compared the combined strategy of
plasma exchange followed by intravenous immunoglobulin
against plasma exchange alone [56]. The results showed no
significant benefit from the combination regimen. There
were more complications in the patients enrolled to the com-
bination treatment group. There was also no difference in
any outcome measure between patients treated with plasma
exchange followed by intravenous immunoglobulin and
those treated with intravenous immunoglobulin alone. Still,
the sample size of this study was not sufficiently large to
exclude a small beneficial effect from combination therapy
[53].

Intravenous immunoglobulin given after immunoabsorp-
tion was not superior to immunoabsorption alone in another
smaller study. Therefore, sequential treatment with plasma
exchange followed by intravenous immunoglobulin is not
recommended based on current evidence [47]. Sequential use
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of intravenous immunoglobulin followed by plasma ex-
change has not been tested, but this strategy appears counter-
intuitive because plasma exchange would be “washing out”
the immunoglobulin recently administered.

A problem that remains unsolved is how to manage pa-
tients who show no signs of recovery two weeks or more
after treatment with plasma exchange or intravenous immu-
noglobulin. Very preliminary evidence has suggested that a
second course of intravenous immunoglobulin in these re-
fractory cases might be beneficial but more studies exclu-
sively focusing on these recalcitrant cases are needed.

CORTICOSTEROIDS

Six randomized trials testing corticosteroids in patients
with GBS were analyzed by a Cochrane systematic review
[57]. No significant difference between the corticosteroid
and control groups was noted in disability grade four weeks
after symptom onset. In addition, there were no differences
in a number of secondary outcome measures including time
to recovery of unaided walking, time to discontinuation of
mechanical ventilation, mortality, and combined mortality
and disability after one year. Various forms of steroids were
tested in these trials including ACTH, intravenous methyl-
prednisolone, oral prednisolone, and prednisone.

Complications were similar in the corticosteroid and pla-
cebo groups and no detrimental effect on muscle strength
was noted in corticosteroid-treated patients. This lack of ad-
verse effects supported the design of a trial which compared
intravenous methylprednisolone (500 mg daily for five days)
in addition to intravenous immunoglobulin against intrave-
nous immunoglobulin alone [58]. The addition of steroids in
this trial resulted in a non-significant trend toward faster
improvement, although the effect only became significant in
the post-hoc analysis after correction for prognostic factors
including age and initial disability.

Given the heterogeneity across trials, studies testing oral
and intravenous corticosteroids have been grouped sepa-
rately. In the four small trials which used oral corticosteroids
(total 120 participants), there was significantly less im-
provement in patients treated with corticosteroids versus
those who were not [53]. Meanwhile, the two larger trials
employing intravenous methlyprednisolone (total 467 par-
ticipants) indicated greater improvement in the corticoster-
oid-treated patients, although the difference did not reach
statistical significance [53,58,59].

There has been considerable debate regarding the possi-
ble reasons that might explain the lack of clear benefit of
corticosteroid therapy in patients with GBS. It has been pos-
tulated that corticosteroids could inhibit macrophage clear-
ance of myelinating debris, thus hampering attempts to re-
myelination or aggravating damage of denervated muscle
fibers [60].

In summary, corticosteroids are not recommended for the
treatment of patients with GBS [47]. There may be a role for
high-dose intravenous corticosteroids administered to the
most severe cases with GBS in addition to intravenous im-
munoglobulin or even potentially to plasma exchange, but
this indication needs to be explored further in future studies.
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OTHER TESTED IMMUNE TREATMENTS AND FU-
TURE OPTIONS

Immunoabsorption and CSF filtration do not appear to
offer any advantage over plasma exchange or intravenous
immunoglobulin therapies. The increased complexity of their
implementation is therefore not justified. Innovative treat-
ments which deserve to be tested in the future include treat-
ments designed to modulate T-cell function (such as inter-
ferons), sodium channel blockers that may protect axons
against injury, and neurotrophic factors that may ameliorate
nerve damage and accelerate reinnervation.

PROGNOSIS

Although patients with GBS typically survive their acute
disease and improve over time, persistent symptoms are
common and long-term disability occurs in up to 20% of
cases. In a multicenter perspective study of 297 patients with
GBS with an average follow-up of 309 days, it was observed
that 71% of patients recovered favorably, 16% had residual
deficits, and 11% died [61]. In this population, the mean
time to nadir was 12 days, to improvement 28 days, and to
clinical recovery 200 days. As expected, symptom progres-
sion had plateaued by four weeks in 98% of the patients.
Improvement had started within four weeks of symptom on-
set in 85%. Chances of recovery were negatively affected by
older age, preceding gastroenteritis, preexistent disability,
electrophysiological evidence of axonal damage, longer time
to clinical nadir, and more prolonged duration of the acute
disease. Although in this study, the treatments used did not
appear to influence the likelihood of long-term recovery,
previous trials demonstrated that treatment with plasma ex-
change or intravenous immunoglobulin increases the chances
of successful functional recovery at one year.

Among patients with GBS who require mechanical venti-
lation, the mortality is 20%, but most survivors achieve
meaningful functional recovery including independent am-
bulation (Fig. 2) [62]. In fact, young patients may recover
normal function despite prolonged ventilation. Older age and
delayed transfer to a tertiary center have been identified as
independent predictors of poor prognosis among ventilated
patients with GBS [62].

Fig. (2). Long-term outcome of ventilated patients with Guillain-
Barré syndrome. Reproduced with permission from Fletcher et al.
[62].
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Axonal damage is widely regarded as a marker of poor
functional prognosis. However, electrophysiological evi-
dence of axonal neuropathy may carry a better prognosis
than previously assumed. In a Japanese study of 44 consecu-
tive patients with the severe acute motor axonal neuropathy
form of GBS, only six of the patients (14%) were unable to
walk independently at six months and four of them had re-
gained independent ambulation after one year [63]. There-
fore, it is becoming increasingly evident that while patients
with axonal GBS progress faster to nadir during the acute
phase of the disease, their functional recovery may be as
complete as in patients with demyelinating GBS.

A mild degree of residual neuropathy effecting large and
medium sized myelinated fibers may occur in close to half of
all patients with GBS [64]. This neuropathy often has a
clinical correlate in the form of sensory and motor symptoms
that, although not disabling, may worsen quality of life. In
addition, persistent symptoms of autonomic dysfunction are
not infrequent, including orthostatic hypotension, impotence,
and bladder dysfunction. These residual signs and symptoms
are more common in older patients. Because of these symp-
toms, especially fatigue, close to one-third of patients who
have experienced an episode of GBS are forced to make sub-
stantial changes in their daily lives even after nearly full re-
covery [65].
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