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Purpose of review

Sepsis, defined as life-threatening organ dysfunction caused by a dysregulated host response to infection, is
a leading cause of hospital and ICU admission. The central and peripheral nervous system may be the first
organ system to show signs of dysfunction, leading to clinical manifestations such as sepsis-associated
encephalopathy (SAE) with delirium or coma and ICU-acquired weakness (ICUAW). In the current review,
we want to highlight developing insights into the epidemiology, diagnosis, prognosis, and treatment of

patients with SAE and ICUAW.

Recent findings

The diagnosis of neurological complications of sepsis remains clinical, although the use of
electroencephalography and electromyography can support the diagnosis, especially in noncollaborative
patients, and can help in defining disease severity. Moreover, recent studies suggest new insights into the long-
term effects associated with SAE and ICUAW, highlighting the need for effective prevention and treatment.

Summary

In this manuscript, we provide an overview of recent insights and developments in the prevention,
diagnosis, and treatment of patients with SAE and ICUAW.
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INTRODUCTION

Sepsis, defined as life-threatening organ dysfunction
caused by a dysregulated host response to infection
[1], is a leading cause of hospital and ICU admission.
Sepsis-associated mortality remains high among crit-
ically ill patients [2], and early recognition and treat-
ment of sepsis are of vital importance to reduce
mortality [3]. The nervous system may be the first
organ to show signs of dysfunction, especially in
elderly and immunocompromised patients, leading
to a wide range of clinical syndromes, including
sepsis-associated encephalopathy (SAE), seizures, cer-
ebrovascular events, and neuromuscular disorders
that increase mortality and ICU length of stay (LOS).

SAE is a diffuse cerebral dysfunction originating
from a systemic inflammatory response to sepsis. Its
clinical manifestations range from mild delirium to
severe coma and are associated with an increased
mortality rate [4] and long-term physical, mental
and cognitive dysfunctions [5].

The systemic inflammatory responses triggered
during sepsis can also affect the peripheral nerves,
skeletal muscles, or both, ultimately leading to crit-
ical illness polyneuropathy (CIP) and myopathy
(CIM), along with disuse atrophy. This pathological
sequence sets the base for what is known as ICU-
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acquired weakness, which affects 25% of prolonged
mechanically ventilated patients, and up to 65% of
septic patients. It causes difficulty in weaning from
the ventilator, prolonged ICU stay, and increases
long-term morbidity and mortality [6,7].

This review aims to clarify key aspects of the
neurological sequelae of sepsis, providing useful
clinical information on the diagnosis, management,
and prognosis.
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Acute neurological problems

KEY POINTS

¢ Neurological complications of sepsis are early and
common and have an impact on shortterm and long-
term outcomes.

e Sepsis-associated encephalopathy (SAE) manifests with
various neurological symptoms, including delirium and
coma, and is associated with long-term cognitive
decline and dementia. ICU-acquired weakness
(ICUAW) is also common and may prolong mechanical
ventilation, ICU and hospital stay and costs, and short-
term and long-term mortality. Weakness and functional
limitations may persist for years after discharge.

e Diagnosis of SAE and ICUAW is clinical, but EEG and
electromyography can be important in noncollaborative
patients and to define severity.

e Recent advances in the management of both SAE and
ICUAW are presented in the article along with the long-
term impact on morbidity and mortality.

SEPSIS-ASSOCIATED ENCEPHALOPATHY

Definition

SAE is the most common neurologic complication
of sepsis. SAE can be defined as a condition of acute
encephalopathy [8] arising in patients with clinical
evidence of sepsis or septic shock [9%], which cannot
be attributed to drug intoxication, fat embolism
syndrome, autoimmune or inflammatory brain dis-
eases, such as vasculitis or thrombotic microangi-
opathy, acute brain infections such as meningitis or
encephalitis, anoxic brain injury, or other acute
primary brain diseases [10-16]. Thus, SAE is diag-
nosed by exclusion, as the acute encephalopathy
should not be attributable to any other cause than
sepsis itself. SAE is usually described as an organ
dystunction caused by a dysregulated host response
without direct infection of the brain. However, post-
mortem neuropathology studies have reported cer-
ebral abscesses in 10% of patients with septic shock.
Moreover, viable gut-associated bacteria have been
demonstrated in mice brains 5days after surviving
experimental peritonitis [17].

SAE manifests as a rapid change from baseline
cognitive status or level of consciousness, and con-
sists of a wide range of symptoms, from subsyndro-
mal delirium to coma [8]. Lacking a clear consensus
on the definition, a precise description of the epi-
demiological features of SAE is challenging: reported
incidence varies from 9 to 71% [10,12,18]. In a
recent retrospective study [19], the incidence of
SAE in a cohort of 291 septic patients was 43.6%.
Although SAE is a reversible syndrome, mild-to-
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moderate residual neuropsychiatric symptoms
including depression, anxiety, or cognitive distur-
bances, may persist in up to 40% of patients 1year
after hospital discharge [20,21].

The pathophysiology of SAE is multifactorial
and the exact molecular and cellular alterations
are still poorly understood. The mechanisms under-
lying SAE include a complex interaction between
systemic inflammation and cytokine storm derived
from sepsis, endothelial damage with loss of blood—
brain barrier integrity, neuroinflammation and glial
activation, altered neuronal metabolism, oxidative
stress, and impaired brain perfusion. Multifactorial
cellular damage is likely to result in a profound
alteration in brain electrochemical signaling of vary-
ing magnitude, clinically manifested as delirium or
coma in the most severe cases [22].

Diagnosis

The diagnosis of SAE is clinical and one of exclusion
when septic patients develop clinical signs of an
acute encephalopathy with or without focal neuro-
logical deficit, in the absence of other neurological,
systemic, or metabolic conditions that may explain
the acute encephalopathy [18].

Clinical manifestations of SAE encompass
impairment of attention, cognition, and conscious-
ness, ranging from delirium (50%) to coma (46%)
[22,23]. Delirium in SAE is more frequently hypo-
active than hyperactive, and it can be associated
with focal deficits, seizures, asterixis, or tremors [22].

As SAE is often the first sign of organ failure to
occur in sepsis, physicians must look for sepsis in
any patient who develops delirium [22,24]. Indeed,
clinical neurological screening should be done using
validated tools such as the Confusion Assessment
Methods for the Intensive Care Unit [25], the Inten-
sive Care Delirium Screening Checklist [26], the
Glasgow Coma Scale, and the Full Outline of UnRe-
sponsiveness (FOUR) Score [25].

An accurate differential diagnosis of SAE is
often complicated by systemic disturbances,
including multiorgan failure, hypoglycemia, elec-
trolyte abnormalities, or severe hypoxemia, condi-
tions that can cause acute nonseptic-related acute
encephalopathy. Moreover, septic patients may
share many of the predisposing and precipitating
risk factors for nonsepsis-associated delirium, such
as advanced age, frailty, baseline cognitive impair-
ment, metabolic disturbances, sedation, hypoten-
sion, multiple comorbidities, sleep disturbances,
and surgery [27,28].

Electroencephalography (EEG) and neuroimag-
ing may help in the differential diagnosis of SAE
[11,16].
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Although EEG patterns described in SAE are not
specific, they occur in a majority of patients with
sepsis and are associated with the severity of SAE.
EEG abnormalities include generalized slowing in
the background activity, and the presence of theta
and delta waves, which are indicators of diffuse
cortical dysfunction [29]. Theta waves often appear
in patients with mild and moderate encephalopathy
(confusion, delirium). Delta activity appears in a
coma, where the impairment in consciousness level
is more severe and during deep sedation [30%]. The
presence of triphasic waves and a burst-suppression
pattern indicates the dysfunction of deeper brain
structures [11]. Young's classification provides a
structured approach and defines how these data
should be interpreted [31]. Interestingly, mortality
isincreased in patients with severe abnormalities on
EEG; patients who have triphasic waves or burst-
suppression patterns on EEG have higher mortality
rates than those with abnormal theta or delta wave
patterns [31,32]. Lastly, sepsis can be associated with
electroencephalographic seizures or periodic epilep-
tiform discharges [33].

Neuroimaging techniques, such as CT scans and
MRI, are often unremarkable in patients with SAE.
Indeed, a CT scan should be performed in patients
with SAE to exclude brain lesions or intracranial
abnormalities, but brain lesions can be detected in
the most severe patients and are related to disease
severity [34]. MRI abnormalities are present in up to
60% of patients with SAE [35,36], with heterogene-
ous and nonspecific patterns including ischemic
lesions [36], leukoencephalopathy [35,36], vaso-
genic edema with signs of posterior reversible ence-
phalopathy syndrome possibly attributable to
blood-brain barrier breakdown [37], and white mat-
ter hyperintensity in T2-weighted image [38,39].

Management

The cornerstone of SAE management relies on early
diagnosis and prompt treatment of infection and
organ dysfunction, including states of mildly altered
consciousness and delirium.

Severe sepsis in the elderly population is inde-
pendently associated with a tripling in the odds of
moderate-to-severe new cognitive impairment [40].
Septic episodes are associated with the development
of dementia within 10 years independent of age and
other risk factors [41]. This suggests that effective
sepsis prevention and treatment may reduce the risk
of long-lasting, profound cognitive impairment
in survivors.

Reduced consciousness is associated with a
reduced ability to clear tracheobronchial secretions,
increases the risk of pulmonary complications, and
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requires strict patient surveillance and supportive
care. To date, there are no evidence-based pharma-
cological options that have demonstrated efficacy in
the prevention and/or treatment of delirium in SAE.
The PADIS guidelines [42] advise against routine
usage of haloperidol, atypical antipsychotics, or
statins to treat delirium. If antipsychotics are chosen
to manage the hyperactive behavior of delirious
patients, or stress-related symptoms (anxiety, hallu-
cinations, delusion, fear, etc.), they should be used
in the lowest dose and for the shortest period pos-
sible. In a recent, large randomized controlled trial
in ICU patients with delirium, treatment with halo-
peridol did not significantly increase the number of
days alive and out of the hospital at 90 days compared
with placebo [43]. Melatonin did not reduce the
prevalence of delirium when administered prophy-
lactically in a large randomized controlled trial of 847
patients, of whom a quarter had sepsis as an admis-
sion diagnosis [44]. A recent systematic review and
meta-analysis of 77 trials constituting 11997 crit-
ically ill patients found that in mechanically venti-
lated adults, the use of dexmedetomidine compared
with other sedatives resulted in a lower risk of delir-
ium, and a modest reduction in the duration of
mechanical ventilation and ICU stay at a cost of
increasing the risk of bradycardia and hypotension
[45""]. Prophylactic use of antiepileptic drugs is not
recommended, and EEG monitoring should be used
in comatose or deeply sedated patients to detect non-
convulsive seizures and guide therapy [16].

Multimodal interventions such as the ABCDEF
bundle (A assess, prevent, and manage pain; B both
spontaneous awakening and spontaneous breathing
trials; C choice of analgesic and sedation; D delir-
ium: assess, prevent, and manage; E early mobility,
and exercise; and F family engagement and empow-
erment) have been shown to be effective in improv-
ing patient outcomes. Implementation of such a
bundle may increase days alive and freedom from
delirium and coma [46], lower the likelihood of
death within 7 days, lower physical restraint use,
lower ICU readmissions, lower discharge to a facility
other than home [47], and decrease ICU and hospi-
tal length of stay [48].

Prognosis

Beyond short-term life-threatening complications,
adult sepsis survivors experience increased long-
term mortality and morbidity, higher rates of
rehospitalization, and reduced quality of life. Mor-
tality rates after surviving the initial sepsis episode
remain high; the 1-year postdischarge mortality rate
varies between 7 and 43%, depending on sepsis
severity [49] and age [50]. Long-term mortality
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and morbidity are often because of the ‘“postsepsis
syndrome’, a condition characterized by an
increased risk of developing physical, cognitive,
and mental health problems after sepsis [5,51].

Duration of delirium in septic patients is
strongly associated with the development of cogni-
tive impairment and increased odds of disability in
daily life activities at long-term follow-up [52].
Therefore, monitoring of delirium during the acute
stage of the disease may provide important clues to
the risk of subsequent cognitive impairment.
Markers of systemic inflammation and coagulation
measured early in the ICU are not associated with
long-term cognitive outcomes [53].

ICU-ACQUIRED WEAKNESS

Systemic inflammation during sepsis can negatively
impact peripheral nerves, limb skeletal muscle, and
the diaphragm. ICUAW, along with diaphragmatic
weakness, is the most common neuromuscular
impairment in ICU patients, and it is detected in
up to 67% of patients with sepsis [6]; diaphragmatic
weakness seems to develop earlier than limb weak-
ness and is more frequent [54-56].

Definition

ICUAW is defined as a symmetrical weakness that
arises after the onset of a critical illness, affecting all
four limbs and the respiratory muscles with sparing
of the facial muscles. The muscle tone is reduced,
but the deep tendon reflex can either be reduced or
normal. ICUAW is due to a different grade of overlap
between the critical illness polyneuropathy (CIP),
critical illness myopathy (CIM), and muscle disuse
atrophy. [57] The simultaneous presence of CIP and
CIM or critical illness polyneuromyopathy is the
most frequent condition [58]. CIP is defined as a
sensory—motor axonal polyneuropathy (Fig. 1),
whereas CIM is an acute primary myopathy, not
related to denervation.

Diagnosis

The flowchart of ICUAW diagnosis (Fig. 1 and
Table 1) is based on the patient’s level of conscious-
ness.

In awake, collaborative patients, the diagnosis is
clinical and relies on the Medical Research Council
Sum Score (MRCss), in which the strength of func-
tional muscle groups of the limbs is graded from 0

[ CLINICAL SUSPICION OF ICUAW ]

|

| COLLABORATIVE PATIENTS |

| Handgrip test I

NO
< 11kg Male

<7 kg Female

Screening Test

| NON COLLABORATIVE PATIENTS |

[ PENT test |

CMAP
reduced
YES

Diagnosis of ICUAW MRCss
excluded

Y

YES
Presence of ICUAW

Complete ENMG [ D'ag"‘:('zlﬁsgmw }

Abnormal

YES

FIGURE 1. Diagnostic flow-chart for ICU-acquired weakness (ICUAW), critical illness polyneuropathy, and critical illness
myopathy. CMAP, compound muscle action potential; ENMG, electroneuromyography; MRCss, Medical Research Council

Sum Score; PENT, peroneal nerve fest.

78 WWww.co-criticalcare.com

Volume 29 o Number 2 o April 2023



Neurological complications of sepsis Piva et al.

to 5 (i.e. none, weak, poor, acceptable, good,
and normal) [59]. The scores obtained from the
six bilateral muscle groups (wrist flexion, forearm
flexion, shoulder abduction, ankle dorsiflexion,
knee extension, and hip flexion) can range from 0
(complete paralysis) to 60 (normal muscle strength).
A clinically relevant ICUAW is defined as MRCss
below 48/60, whereas severe ICUAW is defined as
below 36/60 [59,60]. A four-point ordinal MRCss
scale has been recently introduced, but validation
is still pending [61]. Although the inter-rater reli-
ability of the MRCss remains high (intraclass corre-
lation coefficient from 0.83 [62] to 0.99 [63]), its

correct application requires specific training and is
time-consuming. Handgrip dynamometry (HGD) is
a simple, inexpensive, and repeatable test that can
be used as a screening test for ICUAW. Although the
HGD values depend on sex and age, an absolute cut-
off value of 11 kg in men and 7 kg in women allows
discrimination of the ICUAW presence with a sen-
sitivity of 0.81 and a specificity of 0.83 [64,63].

In noncollaborative patients, the presence of
CIM and CIP can be established using electrophysi-
ology (Fig. 2 and Table 1). CIP is an axonal sensor-
imotor polyneuropathy depicting a reduction in the
total number of nerve fibers. In nerve conduction

CIM
PRIMARY, MORETHY

NORMAL | NEUROPATHY | MI0PATHY

Cipnm
eRinvie

(1P

SENSORY MOTOR-AXONAL POLINEUROPATHY

=

=2

NORMAL

s

R L S B

GBS

NORMAL AMPLITUDE REDUCED AMPUTIDE N0
AND CONDUCTION VELOCITY  NORMAL CONDUCTION REDPI‘J@ELD @é\v\g\}g&g}“
VELOCITY VELOUTY

FIGURE 2. Differential diagnosis of critical illness polyneuropathy and critical illness myopathy. Critical illness polyneuropathy
(CIP) is an acute sensory-motor axonal neuropathy with reduced nerve action potential amplitude and normal conduction
velocity. In demyelinating Guillain-Barré syndrome, the nerve action potential amplitude is normal while the nerve conduction
velocity is reduced (right). Direct muscle stimulation (DMS) may distinguish CIP from CIM in noncollaborative patients. In CIM,
the compound muscle action potentials (CMAPs) obtained through nerve stimulation (neCMAP) and direct muscle stimulation
(dmCMAP) are proportionally reduced and their ratio is around 1. In CIP, the CMAP is reduced, while dmCMAP is normal
and their ratio is small and around zero (left). However, CIP and CIM often coexist in patients with ICUAW (center). Adapted
from Latronico et al. Curr Opin Crit Care 2005; 11: 126; and Kramer et al. Neurol Clin 2017; 35: 723. CIM, critical illness
myopathy; CIP, critical illness polyneuropathy; CIPNM, critical illness polyneuromyopathy; CMAP, compound muscle action
potential; CRIMYNE, critical illness myopathy and neuropathy; DMS, direct muscle stimulation; GBS, Guillain-Barré syndrome;

ICUAW, ICU-acquired weakness.
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studies (NCS), this is reflected as reduced amplitudes
on compound motor action potential (CMAP), sen-
sory nerve action potential (SNAP), or both. The
myelin sheath is not affected in CIP, indeed NCS
shows normal velocity and normal latency. This
feature is an important factor in differentiating
between CIP and Guillain—Barré syndrome. A sim-
plified screening test (peroneal nerve test, PENT) has
been proposed that solely evaluates the CMAP
amplitude of the peroneal nerves. A PENT with
CMAP amplitude below a normal value had 100%
sensitivity and high specificity in diagnosing CIP/
CIM [54,66].

CIM is a primary myopathy, and needle electro-
myography (EMG) examination in collaborative
ICU patients performing voluntary muscle contrac-
tion shows short-duration, low-amplitude, poly-
phasic motor unit potentials with early or normal
full recruitment together with a normal SNAP.
Fibrillation potentials at rest indicate nonspecific
changes in the muscle arising either from the nerve

or directly from the muscle. Patients in the ICU
may not be cooperative enough to evaluate the
morphological aspects of the motor units and the
recruitment patterns, two pivotal factors in differ-
entiating CIP from CIM. For this reason, direct
muscle stimulation (DMS) in conjunction with
standard nerve testing may help in distinguishing
CIP from CIM in noncollaborative patients. With
DMS, both the stimulating and recording electro-
des are placed over the muscle belly. A patient with
CIM will have proportionally reduced CMAP ampli-
tude after both standard stimulation and DMS. The
ratio between the CMAP obtained through nerve
stimulation and the CMAP obtained through DMS
(neCMAP/dmCMAP) will be around 1 and the
dmCMAP will be reduced below 3mV (normal
values are above 3.0-3.2mV) [57]. Conversely, in
a patient with CIP, the CMAP will be reduced,
whereas dmCMAP will be normal and their ratio
will be below small and around zero (Fig. 2 and
Table 1) [67,68].

Table 1. Diagnostic criteria for ICU-acquired weakness, critical illness polyneuropathy, and critical illness myopathy

ICUAW

Clinical diagnosis

Minimum criteria for diagnosing ICUAW: 1, 2, 3 and 5 or 4 and 5

[69] (1) Generalized weakness developing after the onset of critical illness
(2) Weakness is diffuse (involving both proximal and distal muscles), symmetric, flaccid, and generally spares cranial

nerves

(3) MRC sum score less than 48, or mean MRC sum score less than 4 in all testable muscle groups noted on at least

two occasions separated by 24 h
(4) Dependence on mechanical ventilation

(5) Causes of weakness not related to the underlying critical illness have been excluded

CIP

Definite CIP: all of the following criteria
Probable CIP: criteria 1, 3, 4 and 5

(1) The patient is critically ill

(2) Diagnosis of ICUAW established

Electrophysiological
diagnosis [58]

(3) CMAP amplitudes less than 80% of the lower

limit of normal in at least two motor nerves

(4) SNAP amplitudes less than 80% of the lower

limit of normal in at least two sensory nerves
(5) Absence of a decremental response on
repetitive nerve stimulation

Features of denervation and reinnervation with
small muscle fibers, fibertype grouping, and
fiber group atrophy

Muscle biopsy
(58,70]

Nerve biopsy
(58,70,71]

oncl sensory nerves.

Widespread axonal degeneration of both motor

CIM

Definite CIM: all of the following criteria

Probable CIM: criteria 1 and 3-6

(1) The patient is critically ill

(2) Diagnosis of ICUAW established

(3) CMAP amplitudes less than 80% of the lower limit of normal in
at least two nerves

(4) SNAP amplitudes normal

(5) EMG with short duration, low-amplitude MU potentials with
early or normal full recruitment, with or without fibrillation
potentials in collaborative patients; or reduced muscle action
potential amplitude less than 3 mV and muscle/nerve action
potential amplitude around 1 on DMS in noncollaborative
patient

(6) Absence of a decremental response on repetitive nerve
stimulation

(7) Muscle histology consistent with myopathy

Thick filament myopathy with a selective loss of myosin filaments;
muscle necrosis; acute diffuse necrotizing myopathy.

Normal

CIM, critical illness myopathy; CIP, critical illness polyneuropathy; CMAP, compound muscle action potential; DMS, direct muscle stimulation; EMG,
electromyogram; ICUAW, ICU-acquired weakness; MRC sum score, Medical Research Council sum score; MUP, motor unit potential; SNAP, sensory nerve action

potential.
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Although electrophysiological abnormalities are
useful to establish the presence of CIP and/or CIM,
their presence does not invariably correlate with
clinically detectable muscle weakness. Indeed, pure
electrophysiological alterations are clinically rele-
vant, as they predict functional limitations at ICU
discharge [72] and increased long-term mortality 1-
Syears after ICU or hospital discharge [73,74].

Management

As there are still no specific therapies with proven
benefits on ICUAW, it is crucial to aggressively treat
sepsis and implement strategies to minimize expo-
sure to ICUAW risk factors.

Light sedation and early mobilization are prob-
ably the most effective strategies to prevent ICUAW.
Enacting program to reduce sedatives to the mini-
mal dose possible for patient comfort and safety and
implementing early rehabilitation maneuvers and
occupational therapy in the ICU may be an effective
strategy to avoid immobility and prevent ICUAW
[75]. Several studies showed that early mobilization
may be feasible and well tolerated, may improve
physical function, decrease the risk of ICUAW and
delirium, and shorten the time to weaning from
mechanical ventilation [76-80]. However, other
studies have shown contrasting results [81-83]
and, therefore, the efficacy of early mobilization
remains uncertain [84"]. Moreover, a strategy to
achieve the maximum intensity of mobilization
tolerated by patients at an early stage should be
avoided, as it does not improve short-term out-
comes and is associated with increased adverse
events when compared with a lower level of early
mobilization [85""]. Instead, a step-by-step increase
in the level of early mobilization adjusted to the
patient’s medical situation, muscle strength, and
level of cooperation should be pursued.

Hyperglycemia should be promptly treated.
Although normalizing glycemia reduces the electro-
physiological sign of CIP/CIM and the need
for mechanical ventilation [86,87], mortality is
increased in patients treated with insulin to achieve
normoglycemia as compared with patients receiving
insulin to target blood glucose below 180 mg/dl [88].
The optimal blood glucose target still needs to be
established [89].

The old paradigm that full caloric and protein
intakes should be implemented early has been chal-
lenged by studies reporting a more pronounced
muscle wasting associated with increased protein
delivery during the first week in the ICU [90].
Indeed, no clear evidence supports amino acid
supplements [91], and a post hoc analysis of
EPaNIC (Early Parenteral Nutrition to Supplement

1070-5295 Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Insufficient Enteral Nutrition in Intensive Care trial)
confirmed a higher incidence of ICUAW in early
parenteral nutrition patients [92]. These findings
suggest that the early catabolic phase during critical
illness cannot be averted by artificial nutrition, as
critically ill patients are not able to use the exoge-
nous amino acids for muscle protein synthesis
[93™].

Prognosis

CIM and CIP have a decisive influence on the prog-
nosis of intensive care patients. ICUAW is associated
with difficult liberation from mechanical ventila-
tion, higher extubation failure rate, postextubation
dysphagia, impaired effective cough, prolonged ICU
and hospital stay, increased hospital cost, and
increased short-term mortality. In the long-term,
ICUAW is associated with increased weakness,
reduced walking exercise ability, reduced quality
of life, and increased long-term mortality [7,89].

Recovery from weakness typically occurs within
weeks or months [94], but the most severe cases may
not recover, with many ICU survivors continuing to
demonstrate weakness and persistent functional
impairments (e.g. mobility, coordination, self-care,
endurance). In two studies, the long-term sequelae
of ICUAW have been reported for up to 5 years
[95,96]. Other studies also describe persistent phys-
ical disability [97-99]. There are myriad contribu-
tors to the persistence of reduced muscle and
strength, and diminished exercise capacity after
sepsis [97], and include the severity of the ICUAW
and underlying cause. The multicentre Italian study
CRIMYNE (CRitical lllness MYopathy and/or Neuro-
pathy) found that CIM has a better prognosis than
CIP [100-102]. Physical impairment substantially
impacts the quality of life [74,97,98,103] and job-
lessness [95,102,104,105]. Moreover, survivors who
do not return to work report worse health-related
quality of life compared with patients returning to
work, thus creating a vicious cycle [104].

CONCLUSION

With an estimated 50 million new cases reported
every year [106], sepsis is a major health problem
worldwide. Neurological complications such as
acute encephalopathy, delirium, coma, reduced
mobility, exercise tolerance, weakness, neuropathy,
and myopathy have a profound impact not only on
mortality but also on persistent morbidity and
reduced quality of life in survivors. Rapid recogni-
tion of neurological complications is vital and can
be supported by the use of ENG-EMG and EEG, but
treatments remain supportive. We urgently need
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mechanistic studies to understand the pathophysi-
ology of these complications and to develop more
specific treatments. Combining treatments, such as
early mobilization, personalized use of sedative
drugs, cognitive stimulation, and appropriate nutri-
tional strategy would be important to reduce the
burden of cognitive and physical disability in
Sepsis survivors.
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