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Introduction
In 1991, I was intrigued by a comatose head trauma 
patient who, after the resolution of severe intracra-
nial hypertension and interruption of deep sedation, 
remained profoundly weak with virtually no movement 
of the limbs in response to painful stimulation. Motor 
response, which was localizing at ICU admission, had 
deteriorated after the onset of pneumonia and Staphylo-
coccus aureus bacteremia. Deep tendon reflexes, expected 
to be increased, were instead absent. Intact brainstem 
reflexes, and eye opening and grimacing in response to 
pain suggested that brain injury was improving. Progno-
sis was predicted to be dire. Several investigations were 
performed including brain computed tomography (CT), 
spinal magnetic resonance imaging (MRI), and lumbar 
puncture but only the electromyography (EMG) clarified 
the diagnosis by showing features compatible with criti-
cal illness polyneuropathy (CIP). The patient eventually 
regained consciousness and full muscle strength with 
only moderate cognitive disability several months after 
ICU discharge. I have asked myself many times what the 
outcome of this patient would have been had we relied 
only on motor response to pain to assess prognosis. In 
fact, neurological examination remains a mainstay of 
clinical practice in the ICU [1].

My findings
Our study published in The Lancet in 1996 enrolled 24 
acutely ill comatose in whom severe muscle weakness or 
paralysis associated with intact brainstem reflexes and 

reduced or absent deep tendon reflexes suggested CIP 
[2]. At the time of CIP diagnosis, a median of 17 (range 
8–105)  days after ICU admission, all patients had had 
sepsis, multi-organ failure (MOF), respiratory failure and 
prolonged ventilator-dependency, and were tetraparetic 
or tetraplegic. Electrophysiological study (EPS) indicated 
CIP in 22 patients which was confirmed at nerve biopsy 
in eight cases; 14 patients had normal nerve histology 
indicating that nerve dysfunction precedes structural 
degeneration. Muscle biopsy showed an acute myopathy 
in 23 patients, of whom 11 (48 %) had muscle necrosis. 
Attending physicians not involved in the study ordered 
brain CT, electro-encephalography, spinal MRI, tran-
scranial Doppler, lumbar puncture, and evoked poten-
tials despite the fact that clinical findings did not indicate 
a progression of brain damage. They predicted a fatal 
outcome in all patients. Seventeen patients died, mainly 
because of infectious and thrombotic complications 
unrelated to admission diagnoses (unpublished data), but 
seven survived, of whom six recovered well or had only 
moderate disability. The study demonstrated that critical 
illness myopathy (CIM) and CIP have a common occur-
rence in acutely ill neurologic patients with sepsis and 
MOF and often coexist. By causing flaccid tetraparesis or 
tetraplegia, CIM and CIP precipitated unnecessary and 
costly investigations and resulted in unreasonably pes-
simistic prognoses. Since functional derangement pre-
ceded structural nerve changes, the study suggested that 
reduced energy supply or altered energy production and 
use (cytopathic hypoxia) might explain the early involve-
ment of peripheral nerves and muscles, which spend 
much of their energy maintaining their function in pro-
cesses that ultimately lead to MOF. It is worth noting 
that these patients were not representative of the entire 
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population of critically ill neurologic patients; they were a 
subset of patients with prolonged ICU stay and mechani-
cal ventilation. Their outcome was more influenced by 
ongoing critical illness than the cause for ICU admission. 
Twenty years later we would now define these patients as 
having persistent critical illness [3].

How my findings have been confirmed: terra 
nullius?
In the last 20 years, several studies have confirmed that 
critically ill neurologic patients may suffer from CIM 
and CIP (see additional references in the electronic sup-
plementary material). However, no prospective cohort 
study has replicated our results that CIM and CIP 
may influence prognosis, although well described case 
reports have documented their confounding effect on 
outcome prediction (see additional reference in the elec-
tronic supplementary material). No prospective cohort 
study of adequate size has been performed to assess the 
natural history of CIM and CIP or their impact on long-
term physical function. Longitudinal studies in ICU sur-
vivors have utilized ICU-acquired muscle weakness and 
wasting, and physical dysfunction as outcome measures 
[4] so that specific data on CIM and CIP are lacking. 
Available data suggest that CIM has a better prognosis 
than CIP (see additional references in the electronic sup-
plementary material), although CIP prognosis can be 
favorable in young patients without significant comor-
bidity [5].

Publications on this subject have not increased sub-
stantially over the past 20 years (Fig. 1 in the electronic 
supplementary material). Many intensivists are not very 
much enthused by CIM and CIP which are perceived as 
a complex problem of undefined clinical relevance in 
the acute stage of critical illness requiring sophisticated 
and poorly understood electrophysiological investiga-
tions of exclusive neurological interest. Recent studies, 
however, show that altered EPS can identify different 
phenotypes of patients with ICU-acquired weakness 

[6], can differentiate prehospital discharge functional 
status in ICU patients with normal muscle strength [7], 
and assist in the prediction of long-term outcome in 
survivors of critical illness [8]. Simplified EPS has been 
validated in multicenter studies [9] and can be imple-
mented as a screening tool in the ICU (Table  1) (see 
additional references in the electronic supplementary 
material).

Neurologists do have a full understanding of EPS, but 
are rarely interested in ICU patients and do not fully 
appreciate the complexity of MOF, of which CIM and 
CIP are an integral part. CIM and CIP remain a terra 
nullius, i.e., a territory that has never been subjected 
to the “sovereignty of any specialist”; in other words, a 
“nobody’s land” at the border of intensive care medicine 
and neurology.

Ongoing studies: a glimpse of optimism
Research on CIM and CIP has produced important 
insights on pathophysiology. In a unique rat model that 
reproduces ICU conditions such as long-term mechanical 
ventilation, sedation, and muscle unloading, mechanical 
silencing, i.e., the complete loss of mechanical stimuli in 
skeletal muscles, has been shown to trigger CIM through 
perturbation of genes that regulate mitochondrial dynam-
ics [10]. Passive mechanical loading prevents these 
changes, which may explain the beneficial effects of early 
ICU mobilization [11]. Dysfunction of satellite cells, the 
muscle stem cells responsible for muscle regeneration, 
has been identified as a novel mechanism for CIM [12]. 
Importantly, muscle regeneration improves after exog-
enous administration of mesenchymal stem cells. Pilot 
studies in humans also suggest that aberrant expression of 
genes involved in muscle regeneration and repair [13] and 
decreased satellite cell content may have a role in impaired 
muscle regrowth and protracted muscle wasting [14].

CIM and CIP should not be like Bir Tawil, the land that 
no country wants [15]. It is our land. Patients with CIP 
and CIM are under our care, as are those with ARDS, 
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AKI, delirium, or other organ dysfunctions. We owe it to 
our patients to understand and recognize this important 
complication of critical illness.
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