
J Neurol (2001) 248 : 929–934
© Steinkopff Verlag 2001 ENS TEACHING REVIEW

Ernst Hund Neurological complications of sepsis:
critical illness polyneuropathy 
and myopathy

Introduction

Sepsis is a major infection-induced syndrome that pro-
motes failure of vital parenchymal organs such as lung,
brain, liver and kidney [59]. In addition, sepsis can also
cause damage or dysfunction of peripheral nerves and
skeletal muscles. During the past decade, it has been
recognized that sepsis-related disorders of the periph-
eral nerves and muscles termed critical illness polyneu-
ropathy (CIP) and critical illness myopathy are respon-
sible for muscle weakness and wasting occurring de
novo in intensively treated patients [6, 27]. As a conse-
quence, weaning from the respirator is delayed and the

mobilization phase prolonged. Both CIP and critical ill-
ness myopathy must now be regarded as common neu-
romuscular complications of ICU treatment regardless
of the type of underlying disease.

Critical illness polyneuropathy

■ History

Though occasionally reported in earlier decades [40, 42,
44], disturbances of the peripheral nerves in ICU pa-
tients have been studied more intensively since the mid
80s. A diffuse axonal polyneuropathy, later termed criti-
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■ Abstract Sepsis may cause not
only failure of parenchymal organs
but can also cause damage to pe-
ripheral nerves and skeletal mus-
cles. It is now recognized that sep-
sis-mediated disorders of the
peripheral nerves and the muscle,
called critical illness polyneuropa-
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opathy, are responsible for weak-
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ness and muscle atrophy occurring
de novo in intensively treated pa-
tients. CIP represents an acute ax-
onal neuropathy that develops dur-
ing treatment of severely ill
patients and remits spontaneously,
once the critical condition is under
control. The course is monophasic
and self-limiting. Among the criti-
cal illness myopathies, three main
types have been identified: a non-
necrotizing “cachectic” myopathy
(critical illness myopathy in the
strict sense), a myopathy with se-
lective loss of myosin filaments
(“thick filament myopathy”) and
an acute necrotizing myopathy of
intensive care. Clinical manifesta-
tions of both critical illness my-
opathies and CIP include delayed
weaning from the respirator, mus-
cle weakness, and prolonging of
the mobilization phase. The patho-

genesis of these neuromuscular
complications of sepsis is not un-
derstood in detail but most authors
assume that the inflammatory fac-
tors that mediate systemic inflam-
matory response and multiple or-
gan failure are closely involved. In
thick filament myopathy and acute
necrotizing myopathy, administra-
tion of steroids and neuromuscular
blocking agents may act as trig-
gers. Specific therapies have not
been discovered. Stabilization of
the underlying critical condition
and elimination of sepsis appear to
be of major importance. Steroids
and muscle relaxants should be
avoided or administered at the low-
est dose possible.

■ Key words Critical illness ·
Neuropathy · Myopathy · Intensive
care · Sepsis · Complications
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cal illness polyneuropathy (CIP), has been described as
the cause of weaning failure and muscle weakness si-
multaneously by French, Canadian, and American au-
thors. Subsequent studies and case reports stemming
from ICUs of all over the world have supported the con-
cept of CIP [5, 15, 29, 36, 37, 43, 63].

■ Definition, diagnosis, and clinical course

CIP is an acute axonal neuropathy that develops during
treatment of severely ill patients and remits sponta-
neously, once the critical condition is under control. The
course is monophasic and self-limiting, and recovery is
often remarkably good in patients with mild to moder-
ate disease.However,survivors of severe sepsis with pro-
longed stay on the ICU may show slow and incomplete
recovery from CIP [61]. Since physical examination of
the severely ill patient is often undiagnostic during the
acute stage of the disease, the diagnosis of CIP primar-
ily relies on the demonstration of denervation activity
on EMG compatible with an axonal polyneuropathy in
the absence of other known causes for this finding.
Spinal cord injuries must be considered and ruled out by
adequate neuroimaging in any patient with weakness af-
ter trauma.Multiple drug administration can precipitate
a porphyric attack in patients with acute intermittent
porphyria [31]. In rare patients, metastatic microab-
scesses can cause direct peripheral nerve damage [45].
Decompensated pre-existing diseases of the muscles,
nerves or motor neurons should be considered in pa-
tients in whom the reason for the respiratory insuffi-
ciency is not apparent [26]. Thus, before diagnosing CIP
the illness that brought the patient to the ICU should
have been identified (e. g. multiple trauma, sepsis after
major surgery, severe lung disease). Otherwise, diseases
such as acute Guillain-Barré syndrome, decompensated
myasthenia gravis or motor neuron disease, botulism or
acid maltase deficiency have to be considered [26]. An-
other diagnostic consideration is prolonged neuromus-
cular blockade which occurs in patients with acidosis or
renal insufficiency after administration of high-dose
neuromuscular blockers (for review see [58]). Care
should be taken not to misinterpret weakness as a con-
sequence of brain damage while it actually represents
CIP [46]. CIP may, however, develop coincidentally in
patients with CNS disease [11, 28]. The presence of cere-
bral lesions must therefore not prevent an appropriate
diagnosis of CIP.

■ Signs and clinical impact

Delayed weaning from the ventilator not explained by
pulmonary or cardiovascular findings is the most fre-
quent reason for neurological consultation in patients

with CIP. On neurological examination, such patients
have muscular atrophies and severe flaccid tetraparesis.
However, marked generalized muscle atrophy is often
present much earlier, i. e. when the patient still needs
controlled ventilation and is given sedatives, opiates,
and muscle relaxants. Tendon reflexes are usually de-
creased or absent, but may be normal in one third of pa-
tients [43, 62, 63]. Thus, the presence of tendon reflexes
is not an argument against the diagnosis of CIP. In pa-
tients with CNS disease, tendon reflexes may even be ex-
aggerated [28]. The clinical importance of CIP arises
from the frequency by which it occurs and the ability to
prolong the stay in the ICU. In prospective studies some
70 to 80 % of patients with severe sepsis and multiple or-
gan failure developed CIP [5, 29, 60]. Patients with CIP
had an increased organ dysfunction score and number
of organs involved, and were ventilated longer [37]. It
seems reasonable to assume that the incidence of com-
plications such as pneumonia, pulmonary embolism,
and deep vein thrombosis increases with duration of
ventilator dependency, though the exact extent to which
this occurs is unknown.

■ Electrodiagnostic features

In patients with CIP, the electrophysiological features
are highly consistent with a relatively pure axonal
polyneuropathy. Examination discloses signs of dener-
vation with fibrillation potentials and positive sharp
waves in a widespread distribution. Cranial nerves are
said to be relatively spared [7] though by means of elec-
trophysiology, denervation of facial muscles has been
documented [28, 63]. Neurography usually demon-
strates preservation of the speed of impulse conduction
in proximal and distal nerve segments in the presence of
decreased compound muscle and sensory nerve action
potential amplitudes [7]. It should be realized, however,
that the sensory compound action potential amplitude
may simply be reduced as the result of tissue oedema. A
subgroup of severely paretic patients have markedly re-
duced compound muscle but normal sensory nerve ac-
tion potential amplitudes [19, 29]. In such cases, care
should be taken to exclude disturbed neuromuscular
transmission and myopathies. In order to distinguish
these syndromes it may be necessary to measure serum
creatine kinase levels, conduct repetitive stimulation
studies, and perform a muscle biopsy.Caution is advised
with respect to the administration of suxamethonium in
patients with CIP because of the risk for hyperkalaemic
cardic arrest [25].
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■ Pathogenesis

Various factors have been claimed to be involved in the
pathogenesis of CIP but none has been definitely proven
so far. Bolton speculated that the factors responsible for
the systemic effects of sepsis, i. e. release of tumour
necrosis factor (TNF), histamines and arachidonic acid
metabolites, activation of the complement and cell ad-
hesion systems,and formation of local free radicals,may
also cause axonal degeneration [6]. In this view, CIP is
just another organ system that fails during sepsis. As a
mechanism, he suggests disturbances in the microcircu-
lation of peripheral nerves [6]. However, biopsies from
affected patients did not reveal infarction of nerve fasci-
cules, microangiopathy, oedema, or intravascular
thrombus formation [11, 63], and TNF levels were not
higher in CIP patients than in controls [57]. Our own
clinical and electrophysiological studies indicate that
motor nerves are the main target of the disease process
[29]. Using a bioassay by which toxic effects of patients’
sera to motor neurons could be determined quantita-
tively we demonstrated the presence of a low molecular
weight factor (< 3 kDa) in the serum of patients with CIP
that kills cultured motor neurons [30]. So far, there is no
evidence that the illness responsible for admission to the
ICU, itself, has an important impact on the development
of CIP.

■ Prognosis

The mortality in unselected patients with multiple or-
gan failure is approximately 50 % and may reach 98 % in
those with three or more failed organ systems [33]. If pa-
tients survive, those with mild polyneuropathy may re-
cover within weeks and those with more severe forms
within months [8]. Unusually severe forms may be asso-
ciated with incomplete recovery, resulting in persistent
motor handicaps [38, 61]. This is in contrast to the ear-
lier belief that overall outcome of CIP is generally
favourable. Patients with slowing of nerve conduction
may have a particularly poor prognosis [38]. Despite
these implications, most authorities agree that the de-
velopment of CIP should not give rise to a reduced in-
tensity of treatment [6].

Diseases of the muscle

In addition to neuropathy or disturbances of the neuro-
muscular transmission, weakness in critically ill pa-
tients may stem from disturbances in the function or
structure of muscle per se. According to biopsy [36] and
neurophysiological [48] studies, myopathies occur
much more frequently during critical illness than previ-
ously recognized. Three main types, often grouped to-

gether as acute quadriplegic myopathy or acute myopa-
thy of intensive care, have been identified: a diffuse non-
necrotizing “cachectic” myopathy (“critical illness my-
opathy”), myopathy with selective loss of thick (myosin)
filaments (“thick filament myopathy”) and the acute
necrotizing myopathy of intensive care [27]. Rarely, one
may encounter pyomyositis, i. e. septic micrometastasis
following direct invasion of the muscle with pyogenic
organisms [6].

■ Critical illness myopathy

Myopathic changes have been demonstrated by EMG ex-
amination and biopsy in many intensively treated pa-
tients. These changes are often mild, and usually accom-
pany CIP [43, 63]. For cases in which it is not possible to
differentiate between an axonal motor neuropathy and
myopathy, terms such as critical illness polyneuromy-
opathy [43] and critical illness polyneuropathy or my-
opathy (CIPNM) has been used [14]. In other patients,
myopathy is a predominant finding. In analogy to CIP,
this myopathy has been termed critical illness myopa-
thy. Histopathological changes include abnormal varia-
tion of muscle fibre size, fibre atrophy, angulated fibres,
internalized nuclei, rimmed vacuoles, fatty degenera-
tion of muscle fibres, fibrosis, and single fibre necrosis
[36]. Inflammatory changes are conspicuously absent as
they were in CIP. Creatine kinase (CK) is most often nor-
mal, which precludes identification of critical illness
myopathy on the basis of serum investigations [36].

Although the concept of a sepsis-induced hypercata-
bolic myopathy is not universally accepted, most inves-
tigators agree that the muscle may be damaged during
critical illness by the same factors that mediate the ef-
fects of the systemic inflammatory response syndrome
[9].Substrate deficiency alone is not sufficient to explain
muscle protein degradation in septic patients [10]. The
pathogenetic role of cytokine release has been proposed
earlier [2], but the detailed mechanisms remained un-
clear for many years. Now, both direct and indirect in-
fluences of the cytokine network on skeletal muscle pro-
tein metabolism are identified, including modulation of
enzymatic synthesis and degradation, and inhibition of
the regulatory actions of anabolic hormones on protein
turnover [12]. Glucocorticoids as well as the proinflam-
matory cytokines interleukin–1 and tumour necrosis
factor are important mediators of sepsis-induced mus-
cle proteolysis. Activation of the ubiquitin-proteasome
pathway increases intracellular degradation of myofib-
rillar proteins during sepsis [22, 41, 55]. More recently, it
has been suggested that local low-level immune activa-
tion within the muscle tissue contributes to the clinical
and electrophysiological findings of neuropathy and/or
myopathy in critically ill patients [14].



932

■ Thick filament myopathy

Another group of patients may develop a peculiar form
of myopathy consisting in selective loss of myosin fila-
ments. These patients frequently received cortico-
steroids for acute severe asthma or organ transplanta-
tion, either alone or in combination with high doses of
neuromuscular blocking agents (NMBAs). Histologi-
cally, there are focal regions – often within the centre of
myofibres – of negative staining with the myosin-AT-
Pase reaction. Neurogenic changes are usually absent.
Electron microscopy revealed focal or diffuse loss of
thick (myosin) filaments in some of these patients [1, 13,
23, 24, 34]. The pathogenesis is not well understood. Ex-
perimentally, selective thick filament loss has been pro-
duced in surgically denervated muscles exposed to high
doses of steroids [39] and after achilles tendon tenotomy
in rat soleus muscle [32]. Increase in the number of
steroid receptors after surgical denervation suggests hy-
persensitivity to corticosteroids as a mechanism [17].
Disuse may be an additional factor rendering muscles
vulnerable to circulating toxins [18]. Taken together,
clinical and experimental observations suggest that
denervation of the muscle by pharmacological blockade
of neuromuscular transmission as well as immobiliza-
tion renders muscles susceptible to the myopathic ef-
fects of glucosteroids (or, possibly, of other toxins) [13,
17].A broader view held by several authors suggests that
priming factors such as steroids or sepsis act in concert
with triggering factors such as NMBAs or denervation to
produce myopathy [34]. Coexisting critical illness
polyneuropathy may have a potentiating effect [34, 47].
There are, nevertheless, patients who received only ei-
ther one of these substances [24, 53, 64]. A few patients
were exposed to neither agent [16, 54] suggesting that
other factors such as sepsis or severe systemic illness
may trigger myopathy.

While weakness in these patients is supposed to re-
sult from loss of contractile proteins, Rich et al. demon-
strated compromise of muscle membrane excitability in
a high percentage of patients with acute quadriplegic
myopathy [48, 50]. In an animal model they found
changes in sodium and chloride conductance in steroid-
treated, denervated muscles in addition to the depolar-
ization of the resting membrane potential that normally
occurs after denervation [49]. Skeletal muscle sodium
channels regulating membrane excitability may be inac-
tivated even with slight reductions in the resting mem-
brane potential [51]. In vitro, one of the main mediators
in sepsis, tumour necrosis factor, decreases the resting
membrane potential [56]. It therefore appears that glu-
cocorticoid treatment and sepsis stimulate muscle pro-
teolysis. This process is synergistically amplified by
muscle inactivity resulting from denervation (CIP),
neuromuscular blockade, and membrane inexcitability
[52].

■ Necrotizing myopathy

Yet other patients may develop prominent myonecrosis
along with vacuolization and phagocytosis of muscle fi-
bres (“acute necrotizing myopathy of intensive care”). In
such patients, CK is frequently but not always elevated.
Since the first description in 1977, a considerable num-
ber of patients have been reported [18, 20, 23, 47, 64].
Similar to thick filament myopathy, “priming” factors
are thought to render the muscle sensitive for specific
myotoxic “triggering”factors [47]. However, several crit-
ically ill patients developed myonecrosis after adminis-
tration of very high doses of NMBAs alone [3]. In a mi-
nority of patients the disease may progress to frank
rhabdomyolysis [4].

■ Diagnosis

Unfortunately, electrodiagnostic studies and serum in-
vestigations are not sensitive for diagnosing myopathy
in the critically ill. Serum CK is normal in many ICU pa-
tients showing myopathy on biopsy [18, 36]. Needle elec-
tromyography is of little use in distinguishing between
myopathy and neuropathy, because in critically ill pa-
tients only insufficient motor units can be obtained [48,
64]. The presence of spontaneous activity on needle
electromyography can suggest a neurogenic origin of
the patient’s weakness while he actually has myopathy.
Spontaneous activity in this setting probably results
from “functional” denervation of the myofibre as a con-
sequence of its separation from the end-plate by a region
of segmental necrosis [47].These limitations may lead to
a relatively gross underestimation of myopathy in the
critically ill [11, 36]. It has been suggested that direct
muscle stimulation and calculation of the ratio of the
nerve and muscle evoked compound muscle action po-
tential amplitudes is useful for detection of myopathies
[48]. However, while this method assesses electrical ex-
citability of muscle fibres, it does not account for loss of
contractile proteins.

Muscle biopsy is the diagnostic method of choice for
detections of structural abnormalities but is invasive
and hence cannot be reproduced with ease. As a conse-
quence, time and patient selection varied markedly in
different studies. Actually, we perform biopsy in any pa-
tient who has severe paresis without history and elec-
trodiagnostic findings typical of critical illness polyneu-
ropathy. For example, patients who have normal sensory
neurography, low motor amplitudes, and discrepantly
little spontaneous activity for the degree of weakness
should be considered to have myopathy with high prior-
ity [35, 64]. Ideally, direct electrical muscle stimulation
and muscle biopsy should be performed in any ICU pa-
tient with severe muscle weakness not clearly attribut-
able to critical illness polyneuropathy.
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Therapy

There is no specific therapy available as to now. How-
ever, the diagnosis of sepsis-induced neuromuscular
complications should modify the treatment regimen in
several ways. First, weaning a patient with florid dener-
vation from the ventilator is unsuccessful in most cases.
Likewise, trials of mobilization which cannot be per-
formed by the patient are fruitless and possibly cause
harm. Second, positioning should be planned and ef-
fected with care to avoid additional nerve damage by
pressure. Third, muscle relaxants, corticosteroids and
other agents with effects on the neuromuscular trans-
mission should be administered at the lowest doses
needed in septic and critically ill patients when myopa-
thy is a major concern. When neuromuscular blocking
agents are combined with corticosteroids, special atten-
tion should be paid to the development of myonecrosis
[21]. Special care should be taken when drug degrada-
tion or elimination is impaired. As a consequence, such
patients should be carefully monitored for the develop-

ment of myopathy, including serial CK measurements
and repeated electrodiagnosis.

Conclusions

In sum, with critically ill patients it is now recognized
that not only CIP but also several distinct myopathies
develop in a surprisingly high percentage. Specific ther-
apies are not available. For prevention, sepsis should be
treated with a maximum effort, and corticosteroids and
NMBAs should be administered at the lowest dosis pos-
sible to avoid idiosyncratic reactions in muscles primed
to necrosis. A thorough differential diagnosis should be
made before sepsis-induced neuropathy or myopathy
are diagnosed. Bedside electrophysiological studies will
aid early recognition of CIP and monitoring of its
course. With critical illness myopathies, biopsy is neces-
sary for correct diagnosis.Such a strategy will allow a ra-
tional approach to be adopted when weaning from the
ventilator becomes difficult in long-stay ICU patients.
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