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BACKGROUND: Critical illness myopathy and/or neuropathy (CRIMYNE) is a common alteration
seen in the ICU. The currently available bedside methods of measuring respiratory and peripheral
muscle function in critically ill patients are somewhat inadequate. The objective of this study was to
evaluate the presence of diaphragmatic and peripheral CRIMYNE in septic patients with prolonged
weaning from mechanical ventilation (MV). METHODS: Cohort prospective study with an entry period
of 6 months. In 2 Brazilian medical-surgical ICUs, septic patients > 18 years of age, dependent on MV
> 14 days, requiring prolonged weaning from MV, awake (Richmond Agitation Sedation Scale > –2),
and with no previous history of polyneuropathy or myopathy were included. Electrophysiological stud-
ies of the limbs and also of the respiratory system by phrenic nerve conduction and needle electromyog-
raphy of the diaphragm were performed in all subjects. RESULTS: Twelve subjects were enrolled
during 6 months of study. The electrophysiological signs of peripheral CRIMYNE occurred in 9 sub-
jects, 7 of whom died in the ICU. Three subjects developed critical illness polyneuropathy, 4 critical
illness myopathy, and 2 both. Only one subject who developed peripheral CRIMYNE did not present
diaphragmatic involvement, whereas no subject developed diaphragm involvement alone. Thus, elec-
trophysiological signs of diaphragmatic CRIMYNE occurred in 8 of the 9 subjects with peripheral
CRIMYNE. Upon clinical examination, 8 subjects were not able to moves their limbs against gravity,
and these findings were related to the presence of peripheral and diaphragmatic dysfunction. CON-
CLUSIONS: Our pilot findings suggested that CRIMYNE is common in septic patients with prolonged
weaning from MV (MV > 14 d). The inability to move limbs against gravity is frequently associated with
peripheral and diaphragmatic CRIMYNE, and the findings of CRIMYNE in peripheral electrophysi-
ological tests are associated with diaphragmatic involvement. Key words: critical illness polyneuropathy;
critical illness myopathy; weaning; mechanical ventilation; diaphragm injury. [Respir Care 2012;57(10):
1594–1601. © 2012 Daedalus Enterprises]

Introduction

Complications that can delay recovery from critical ill-
ness represent a major concern for critical care physicians,

and neuromuscular disturbances are now well recognized
as adverse events that can affect long-term ventilated pa-

Drs Santos and Rotta are affiliated with the Department of Neurophys-
iology; and Drs Maccari, Neres, Machado, and Oliveira are affiliated
with the Intensive Care Unit, Santa Casa Hospital, Porto Alegre, Rio
Grande do Sul, Brazil. Dr Teixeira is affiliated with the Intensive Care
Unit; and Mr Savi is affiliated with the Department of Physiotherapy,
Moinhos de Vento Hospital, Porto Alegre, Rio Grande do Sul, Brazil.
Dr Ribeiro is affiliated with the Department of Neurology, Medical School,

Universidade Federal de Ciências da Saúde de Porto Alegre, Porto Alegre,
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tients.1–3 Although diverse disorders can afflict the mus-
cular and peripheral nervous system in these patients,
critical illness myopathy (CIM) and/or neuropathy
(CRIMYNE) is the most clearly defined neuromuscular
complication.4–7

Critical illness polyneuropathy (CIP), an acute sensory-
motor axonal polyneuropathy, is the most common and the
best defined neuromuscular alteration seen in the ICU,8

affecting 58% of patients with prolonged ICU stay, 70% to
80% of patients with sepsis, septic shock, or multi-organ
failure, and up to 100% of patients with sepsis and coma.9

CIM is a primary muscle disorder that has been observed
only in recent years.10 The true incidence of CIM is un-
known, because neither the diagnosis of CIM nor the dif-
ferential diagnosis between CIP and CIM in the ICU are
easy; furthermore, it requires specialized neurophysiolog-
ical methods or biopsy investigations in addition to con-
ventional nerve conduction studies and needle electro-
myography (EMG). When these methods are used, CIM is
as frequent as, or more frequent than CIP. However, ac-
cording to bedside methods, both conditions are collec-
tively called CRIMYNE, and they are usually suspected in
ICU patients who, after a period of days or weeks, cannot
be weaned from the ventilator despite the absence of pul-
monary or cardiac causes of respiratory failure, or because
they suffer from various degrees of limb weakness.4

Investigators11–14 have demonstrated that multiple-
organ system failure secondary to sepsis, hyperglycemia,
and prolonged mechanical ventilation (MV) are strongly
associated with the development of CRIMYNE. Ischemia
or injury via mediators of inflammation are the most com-
mon invoked pathways to produce nerve and muscle in-
jury, as well as evidence for low-level, local immune sys-
tem activation with release of both pro-inflammatory and
anti-inflammatory cytokines in the muscle of patients with
CRIMYNE. Tissue injury may lead to the influx of in-
flammatory cells and to the release of such cytokines. The
expression of adhesion molecules on vascular endothelium
suggests the possible contribution of increased vascular
permeability.12

The newest international consensus conference15 pro-
posed to categorize weaning patients into 3 groups, ac-
cording to the difficulty and length of the weaning process.
The simple weaning group includes patients who success-
fully pass the first spontaneous breathing trial (SBT) and
are extubated successfully. The difficult weaning group
includes patients who fail in the first SBT and require up
to 3 attempts or 7 days for achieving successful weaning.
The last group is the prolonged weaning group, who need
more than 7 days or more than 3 SBTs for weaning suc-
cess. Some researchers15–17 estimate that 15% of patients
would be in the prolonged weaning group, while previous
studies disagree on whether18–21 or not22,23 CRYMINE
prolongs the duration of MV.

Critically ill patients are exposed to a combination of
insults that affect both respiratory and peripheral skeletal
muscle function.24 However, different muscle groups may
not be affected to the same extent by a prolonged critical
illness. The relative contribution of diaphragmatic dener-
vation in ICU patients with and without CRIMYNE has
not been definitively determined. Prentice et al,25 in a
recent meta-analysis, maintain that there is evidence sug-
gesting that respiratory muscles may be relatively spared
from the damage that can occur as a result of immobility,
prolonged-MV, and systemic inflammation in critical ill-
ness; however, the currently available bedside methods of
measuring respiratory and peripheral muscle function in
critically ill patients are somewhat inadequate.

We performed a prospective clinical study by enrolling
septic patients with prolonged weaning who required MV
for � 14 days. Our objective was to assess the presence of
diaphragmatic dysfunction in patients with clinical signs
of peripheral muscles CRYMINE.

Methods

This prospective cohort study was performed during a
6 months period in 2 ICUs (one mixed ICU and another
cancer ICU) of the Complexo Hospitalar da Santa Casa,
Porto Alegre, Brazil. The ethical committee of Complexo
Hospitalar da Santa Casa approved this study beforehand,
and written consent obtained from the subject, whenever
possible, or from their next of kin.

Inclusion and Exclusion Criteria

Septic patients over 18 years of age, dependent on
MV � 14 days, and requiring prolonged weaning from

QUICK LOOK

Current knowledge

Critical illness polyneuropathy is the most common and
best defined acquired neuromuscular disorder during
ICU stay, and is most common following sepsis and the
associated therapies. Critical illness myopathy is a pri-
mary muscle disorder affecting these patients, but its
incidence is not well described.

What this paper contributes to our knowledge

Critical illness myopathy and/or neuropathy is common
in septic patients requiring prolonged mechanical ven-
tilation (� 14 days). Patient inability to move limbs
against gravity is frequently associated with peripheral
and diaphragmatic weakness.
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MV (subjects who failed at least 3 weaning attempts or
required 7 d of weaning after the first SBT) were included
consecutively. Subjects had to be awake or at a sedation
level that would allow the subject to respond appropriately
to verbal commands (Richmond Agitation Sedation Scale
scale � –2).

Exclusion criteria were: CRIMYNE diagnosed within
24 hours of ICU admission; previous neuromuscular dis-
orders; morbid obesity (body mass index of � 40 kg/m2);
lower limb disorders precluding nerve conduction study
and EMG (eg, fractures, amputation, and plaster casts);
brain death; Richmond Agitation Sedation Scale � –1;
technical inability to conduct the diaphragmatic electro-
physiological test; and refusal to participate. The excluded
patients are shown in the Figure.

Electrophysiological Investigations

The complete electrophysiological tests performed on
the subjects consisted of conventional motor (median and
common peroneal nerves) and sensory nerve (median and
sural nerves) conduction studies. Sensory nerve action po-
tentials (SNAPs) were recorded from the median and sural
nerves. For the median nerve, the ring recording electrodes
were placed around the proximal (–) and distal (�) inter-
phalangeal joints of the third digit; the nerve was stimu-
lated at the wrist, on the volar surface, 2–3 cm proximal to
the distal crease. For the sural nerve, the surface recording
electrodes were placed immediately posteroinferior to the
lateral malleolus (–) and 2–3 cm distally along the lateral
dorsum of the foot (�); the nerve was stimulated along the
posterior surface of the leg (calf), slightly lateral to the
midline and approximately 10–12 cm from the active elec-
trode (–). The compound muscle action potentials (CMAPs)
were recorded from the median (abductor pollicis brevis
muscle) and common peroneal (extensor digitorum brevis
muscle) nerves. For the median nerve, surface recording
electrodes were placed over the belly (–) and tendon (�)

of the abductor pollicis brevis; the nerve was stimulated at
the wrist on the volar surface, 2–3 cm proximal to the
distal crease, and at the elbow over the brachial pulse with
the cathode at the volar crease. For the common peroneal
nerve, surface recording electrodes were placed over the
belly and tendon of the extensor digitorum brevis; the
nerve was stimulated over the dorsum of the foot, near the
ankle, 7–8 cm from the recording electrodes, and below
the head of the fibula (below the knee). Incremental elec-
trical stimulation of the nerves was used until the best
SNAP or CMAP amplitudes were obtained.

If the clinical history and physical examination sug-
gested a median nerve entrapment at the wrist, or the
median sensory nerve conduction study was abnormal, the
median nerve was substituted by the ulnar nerve. EMG
was recorded using a coaxial needle electrode in the tib-
ialis anterior, quadriceps femori, abductor pollicis brevis,
and deltoid muscles; additional muscles were studied in
some subjects.

Before performing electrophysiological tests, heat packs
were applied to the skin if its temperature dropped below
33°C. Electrophysiological diagnosis of CRIMYNE was
achieved if the CMAP or SNAP amplitude of at least 2
nerves of 2 limbs was reduced below 2 standard deviations
of the lower limit of normality, with or without abnormal
spontaneous muscle activity.

To differentiate between CIP and CIM we used electro-
physiological criteria: nerve conduction (reduced SNAP
amplitude in CIP, and normal SNAP amplitude in CIM);
needle EMG (CIP: abnormal spontaneous activity com-
mon, large and polyphasic motor unit potentials, and re-
duced recruitment; CIM: mild or non-abnormal spontane-
ous activity, small polyphasic motor unit potentials, and
early recruitment); and direct muscle stimulation (normal
in CIP, and absent or reduced in CIM).

Diaphragmatic involvement was determined based on
electrodiagnostic studies that included phrenic nerve con-
duction and needle EMG of the diaphragm. Phrenic nerve
conduction studies were performed with percutaneous stim-
ulation in the supraclavicular fossa, and recording from the
ipsilateral diaphragm with muscle needle electrodes. Four
measurements of the diaphragmatic CMAP were deter-
mined: the latency to the onset of the negative peak; the
CMAP amplitude from the baseline to the negative peak;
the negative peak area; and the CMAP duration from the
negative peak onset to the return to baseline. Needle EMG
of the diaphragm was performed with a monopolar needle
electrode inserted between the anterior axillary and medial
clavicular lines, just above the costal margin.

Clinical Management and Data Collection

Patient treatment, including correction of electrolytes
(sodium, potassium, magnesium, and phosphorus) and con-

Figure. Trial profile. MV � mechanical ventilation
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trol of blood glucose, conformed to accepted standards.
Intravenous insulin, preferably using a pump, was started
if blood glucose level exceeded 200 mg/dL, with a target
of � 160 mg/dL.26 ICU staff members were in charge of
hemodynamic, ventilatory, and dialysis management.

Intensivists and clinical neurophysiologists were un-
aware of each other’s diagnoses. All of the electrophysi-
ological recordings performed by a neurophysiologist (PS)
were re-examined by one expert physician (FTR) for qual-
ity assessment.

The data collected were: age, sex, previous diseases,
reason for MV need, days on MV, ICU stay, Acute Phys-
iology and Chronic Health Evaluation II, and ICU out-
come (lived or died). The plasma creatine phosphokinase,
use of vasopressor (norepinephrine), need for dialysis, and
Sequential Organ Failure Assessment score during the
weaning process were also collected.

Peripheral muscle power was tested by a neurologist
(PS) and conventionally assessed using the Medical Re-
search Council (MRC) scale: 5 � normal power, 4 �
moderate movement of limbs against resistance, 3 �
movement of limbs against gravity but not resistance,
2 � movement of limbs with gravity removed, 1 �
flicker, and 0 � no movement. For research purposes,
the muscle power was graded as MG� (moves limbs
against gravity, including grades 3, 4, and 5 of MRC) or

MG– (no movement against gravity, including grades 0,
1, and 3 of MRC).

Data Presentation and Statistical Analysis

Continuous variables were expressed as medians
(minimum–maximum) and discrete variables as counts
(percentage) unless otherwise stated. Differences in the
study population were analyzed by means of the Student
t test, Mann-Whitney U test, or chi-square test (or Fisher
exact test), as appropriate. All tests were 2-tailed, and a
P value of � .05 was used to define a statistically signif-
icant difference. The statistical analysis was conducted
with commercially available software (SPSS 16.0, SPSS,
Chicago, Illinois).

Results

Twelve subjects were enrolled during 6 months of study.
Subject characteristics are shown in Table 1. Four subjects
were male, the median age was 71 (41–93) years, and the
median APACHE II score was 22 (11–36). The median
time on MV was 26.5 (11–36) days, and during this period
the median use of opioid was 6.5 (3–36) days, that of
benzodiazepine 13 (1–30) days, and the use of corticoste-
roids 9 (1–35) days. All subjects received corticosteroids,

Table 1. Characteristics of the Study Subjects

Number of
Subject

Sex
Age,
(y)

Reason
for MV

Days on
MV

ICU
Stay
(d)

APACHE II
Score

Previous Diseases

At Weaning Time

OutcomeSOFA
Score

Using
Pressors

(NE)
Dialysis

1 Female 76 ALI 36 36 22 Diabetes mellitus,
cancer

7 Yes Yes Died

2 Female 66 ALI 35 35 24 Asthma 6 Yes Yes Died
3 Female 83 ALI 17 17 25 No 5 No Yes Died
4 Male 41 ALI 15 20 11 No 7 No No Survived
5 Female 72 ALI 36 42 31 COPD 7 No No Died
6 Female 93 Postoperative 49 49 36 Cancer 7 No Yes Died
7 Female 64 Stroke 17 29 19 Diabetes mellitus,

COPD
7 Yes No Survived

8 Male 73 ALI 30 30 20 Diabetes mellitus,
COPD

7 Yes Yes Died

9 Male 47 ALI 23 28 18 No 5 No No Survived
10 Male 66 ALI 15 28 22 Alcoholism, COPD,

cancer
4 Yes Yes Survived

11 Female 76 Stroke 34 34 27 COPD 7 No Yes Died
12 Male 70 ALI 22 30 17 Alcoholism, cancer 6 No No Survived

MV � mechanical ventilation
APACHE � Acute Physiology and Chronic Health Evaluation
SOFA � Sequential Organ Failure Assessment
NE � norepinephrine
ALI � acute lung injury
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opioids, and benzodiazepines. Only 2 subjects received
neuromuscular blockage (subject 8 for 1 d, and subject 9
for 10 d). No subject was treated with aminoglycosides.
During the weaning process, all subjects underwent tra-
cheotomy, except 2 subjects (subjects 7 and 9). Two sub-
jects had elevated creatine phosphokinase levels (subjects
4 and 5).

Electrophysiological signs of peripheral CRIMYNE oc-
curred in 9 subjects (Table 2), 7 of whom died in the ICU.
Three subjects developed CIP, 4 CIM, and 2 both. Only
one subject who developed peripheral CRIMYNE (sub-
ject 3) did not develop diaphragmatic CRIMYNE (see
Table 2). No subject developed diaphragm involvement
alone, without peripheral CRIMYNE. Thus, electrophysi-
ological signs of diaphragmatic CRIMYNE occurred in 8
of the 9 subjects with peripheral CRIMYNE.

As regards peripheral muscle power, 8/12 subjects
were MG–, and this finding was related to the presence
of peripheral CRIMYNE (7 of 9 subjects) and diaphrag-
matic CRIMYNE (6 of 8 subjects). The mortality rate
was higher in subjects with CRIMYNE (77.8% vs 0%,
P � .001).

Discussion

Our findings suggest that CRIMYNE is common in sep-
tic subjects with prolonged weaning from MV (MV � 14 d).
CRIMYNE, as assessed by peripheral positive electrophys-
iological tests, was associated with a higher incidence of
diaphragmatic impairment and an inability to move limbs
against gravity, based on clinical strength testing.

The occurrence of ICU-acquired weakness varies sub-
stantially, depending on the diagnostic method used,27,28

the timing of examination,4,6 and the type of population
under study.29 Several studies18,21,22,30 have suggested that
the incidence of weakness (clinical evidence or abnormal-
ities on nerve-conduction studies and/or EMG) in MV
patients � 4–7 days is very high (33–82%). However,
these studies included patients with altered levels of con-
sciousness, so they relied on nerve-conduction studies and
EMG testing or non-rigorous definitions of weakness for
diagnosis, which may have resulted in overestimation of
weakness, and for this reason are subject to criticism.

Methodologically speaking, the most rigorous studies
were conducted by De Jonghe et al11 and Latronico et al.4

The former prospectively identified subjects who were on
MV � 7 days, and evaluated them for weakness only
when they awakened and were able to cooperate with phys-
ical examination. The authors showed that 25% of the
surviving subjects developed severe weakness. Latronico
et al,4 in their prospective and multicenter study (92 par-
ticipant ICUs) conducted electrophysiological studies on a
daily basis on subjects admitted to ICU, and showed elec-
trophysiological signs of CRIMYNE in 30.4% (95% CI
21.9–40.4%) of these subjects. Median time from ICU
admission to CRIMYNE was 6 days (95% CI 5–9 d).

Difficult weaning from the ventilator constitutes a ma-
jor challenge for intensivists. Some authors estimate that
the presence of CRIMYNE could prolong dependence on
MV,18,20,21 while others disagree.22,23 Maher et al31 eval-
uated the presence of neuromuscular disorders (CIP, CIM,
Guillain-Barré syndrome, diabetic neuropathy, uremic neu-
ropathy, abnormality of central drive, unilateral phrenic
nerve palsy, and neuromuscular transmission defect) and
demonstrated that patients with more severe polyneurop-
athy took longer to wean: a mean of 136 d versus 52 d
(P � .007). The elegant study of Garnacho-Montero et al21

on 64 critically ill septic patients, showed that the duration
of the weaning period was significantly higher in patients
with CRIMYNE (median 15 d vs 2 d, P � .001). Multiple
logistic regression analysis indicated that CIP was the only
risk factor independently associated with weaning failure
(odds ratio 15.4, 95% CI 4.55–52.3, P � .001). Our data
indicate that 9 subjects with prolonged weaning from MV
(those who require � 3 SBTs or � 7 d of weaning after the
first SBT) show electrophysiological findings of periph-
eral CRIMYNE, and this finding is probably related to the
failure to wean from MV.

In preventing CRIMYNE from developing, it is likely
that the avoidance of potentially triggering or priming fac-
tors, such as aminoglycosides, corticosteroids, and neuro-
muscular blockage agents, will reduce the incidence of
ICU-acquired neuromuscular abnormalities.6,14,32 The
prompt treatment of sepsis is also essential.6,20 Physical
therapy and rehabilitation may be helpful in accelerating
recovery.33 Furthermore, a recent Cochrane meta-analy-
sis,14 based on 2,748 randomized patients, concluded that

Table 2. Electrophysiological and Neurological Findings

Number of
Subject

Electrophysiological Findings

Peripheral
Muscles

Diaphragm
Injury

Clinical Finding:
Moves Limbs Against

Gravity (MG�)

1 CIM Yes No
2 CIP � CIM Yes No
3 CIP No No
4 CIM Yes Yes
5 CIM Yes No
6 CIP Yes Yes
7 Normal No No
8 CIP Yes No
9 Normal No Yes

10 Normal No Yes
11 CIM Yes No
12 CIP � CIM Yes No

CIP � critical illness polyneuropathy
CIM � critical illness myopathy
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the incidence of CRIMYNE was significantly reduced in
patients who received intensive insulin therapy during their
ICU stay (relative risk 0.60, 95% CI 0.49–0.74). The du-
ration of MV, duration of ICU stay, and 180-day mortality
were also significantly reduced with intensive insulin ther-
apy. All septic subjects of our sample were submitted to
glycemic control, based in insulin therapy infusion proto-
col, and received early motor physiotherapy during ICU
stay, in order to avoid confounding bias.

The respiratory muscles carry the entire burden of the
increase in respiratory work that occurs during the wean-
ing failure process. The imbalance between energy supply
and demand of the respiratory muscles suggests that in-
spiratory muscle fatigue is frequently a final common path-
way leading to an inability to sustain spontaneous breath-
ing and thus to weaning failure.34 The overall strength of
the inspiratory muscles is usually clinically assessed by
measuring maximal inspiratory pressure. De Jonghe et al,35

after analyzing 116 patients who were MV-dependent for
� 7 days, showed that respiratory and limb muscle strength
were both altered after one week of MV. In that study,
respiratory muscle weakness (low maximal inspiratory
pressure [hazard ratio 1.86, 95% CI 1.07–3.23]), and pe-
ripheral muscle weakness (low MRC score [hazard ratio
1.96, 95% CI 1.27–3.02]) were associated with prolonged
ventilation. Our subjects were MV-dependent, and the
study was not designed to compare success and failure
of weaning from MV in the acute setting, but the inci-
dence of peripheral and diaphragmatic CRIMYNE in
patients with prolonged weaning; and CRIMYNE was
assessed by means of electrophysiological muscle stud-
ies, and not by pressure measurements (maximal in-
spiratory pressure).

A striking feature of those patients who fail to wean
from MV is the timing at which different muscle groups
become active. Parthasarathy et al36 showed that this se-
quence begins with activity of the diaphragm and with
greater activity of inspiratory rib-cage muscles than is the
case in the success patients; recruitment of sternomastoids
and rib-cage muscles is near maximum within 4 min after
trial commencement, while the expiratory muscles are not
recruited until 17–20 min. The fundamental role of the
diaphragm on ventilatory mechanics and the earliness of
its injury during weaning failure make it a key muscle for
studies on respiratory failure, and define the importance of
studying it separately from the others respiratory muscle
groups. However, Latronico et al8 suggest that CRIMYNE
is a key determinant of prolonged MV and of failed wean-
ing from the ventilator; nevertheless, a direct relationship
with acute neuromuscular abnormalities of the respiratory
system (phrenic neuropathy, diaphragm myopathy) is still
lacking.

Although life-saving, MV is associated with numerous
complications. These include pneumonia, cardiovascular

compromise, barotrauma, and ventilator-induced lung in-
jury (in humans, dysfunction of the diaphragm and de-
crease in its force-generating capacity: a condition referred
to as ventilator-induced diaphragmatic dysfunction).37 The
decrease in diaphragmatic contractility is time-dependent
and worsens as MV is prolonged. Atrophy, fiber remod-
eling, oxidative stress, and structural injury have been im-
plicated as potential mechanisms of ventilator-induced di-
aphragmatic dysfunction.37–39 Hermans et al,14 using a new
technique of transdiaphragmatic pressure after magnetic
stimulation that allows physicians to evaluate diaphragm
strength, showed that duration of MV is associated with a
logarithmic decline in diaphragmatic force, which is com-
patible with the concept of ventilator-induced diaphrag-
matic dysfunction. Our sample included patients who were
MV-dependent for � 14 days, and data suggest that, based
on this mechanism, prolonged MV may have contributed
to the high incidence of diaphragmatic CRIMYNE in this
population.

Prospective studies on patients who have been venti-
lated for over 7 days have reported increased hospital mor-
tality associated with CRIMYNE.19,22 In fact, the devel-
opment of CIP or CIM early in the course of critical illness
may predict mortality. Khan et al40 carried out studies on
48 patients with severe sepsis, and found that abnormal
nerve conduction studies obtained within 72 hours from
ICU admission predicted hospital mortality (55% vs 0%,
P � .001). In agreement, our mortality rate was higher
in patients with CRIMYNE (77.8% vs 0%, P � .001).
The outcome of these patients is associated with pro-
longed duration of MV and increased hospital-stay and
ICU-stay.18,21,22 Thus, the presence of acquired paresis
can influence the clinical decision to pursue early tra-
cheotomy and arrange for long-term care after hospital
discharge. Tracheotomy was performed in 10 of our
subjects.

The pathophysiologic mechanisms leading to weaning
failure in this group may be complex and dependent on
many factors, with several potentially reversible etiologies
for weaning failure, including respiratory and/or cardiac
load, neuromuscular competence (central and peripheral),
critical illness neuromuscular abnormalities, neuropsycho-
logical factors, and metabolic and endocrine disorders. In
this group of chronically critically ill patients, the need
emerges for a comprehensive approach to ongoing surveil-
lance for any reversible or irreversible factors. Since many
patients with long-term MV have poor nutritional status
and end-stage respiratory diseases, nutrition and dietary
intake-related problems need to be carefully assessed and
corrected. We evaluated diaphragmatic CRIMYNE, which
is not commonly studied.

The limitations of our study are as follows. First, we
report a small sample of subjects (n � 12) and subjects
with previous conditions that can lead to neuromyopathy.
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Second, we provide no data on muscle biopsy to allow
differential diagnosis of myopathy and show severity of
myopathic changes.25 Finally, we performed no assess-
ment of muscle contraction sequence to compare sponta-
neous with supported ventilation.

Conclusions

Our pilot findings suggest that CRIMYNE, as assessed
by peripheral positive electrophysiological tests, is asso-
ciated with a higher incidence of diaphragmatic impair-
ment and an inability to move limbs against gravity, based
on clinical strength testing.
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Amilton Höher, Complexo Hospitalar da Santa Casa, who allowed and
encouraged this study.

REFERENCES

1. Desai SV, Law TJ, Needham DM. Long-term complications of crit-
ical care. Crit Care Med 2011;39(2):371-379.

2. Nelson JE, Cox CE, Hope AA, Carson SS. Chronic critical illness.
Am J Respir Crit Care Med 2010;182(4):446-454.

3. Oeyen SG, Vandijck DM, Benoit DD, Annemans L, Decruyenaere
JM. Quality of life after intensive care: a systematic review of the
literature. Crit Care Med 2010;38(12):2386-2400.

4. Latronico N, Bertolini G, Guarneri B, Botteri M, Peli E, Andreoletti
S, et al. Simplified electrophysiological evaluation of peripheral
nerves in critically ill patients: the Italian multi-centre CRIMYNE
study. Crit Care 2007;11(1):R11–R21.

5. Vles W, Steyerberg E, Essink-Bot M, Beeck Ev, Meeuwis J, Leenen
L. Prevalence and determinants of disabilities and return to work
after major trauma. J Trauma 2005;58(1):126-135.

6. Deem S. Intensive-care-unit-acquired muscle weakness. Respir Care
2006;51(9):1042-1052.

7. Sharshar T, Bastuji-Garin S, Stevens R, Durand MC, Malissin I,
Rodriguez P, et al. Presence and severity of intensive care unit-
acquired paresis at time of awakening are associated with increased
intensive care unit and hospital mortality. Crit Care Med 2009;37(12):
3047-3053.

8. Latronico N, Guarneri B. Critical illness myopathy and neuropathy.
Minerva Anestesiol 2008;74(6):319-327.

9. Latronico N, Peli E, Botteri M. Critical illness myopathy and neu-
ropathy. Curr Opin Crit Care 2005;11(2):126-132.

10. Latronico N, Fenzi F, Recupero D, Guarneri B, Tomelleri G, Tonin
P, et al. Critical illness myopathy and neuropathy. Lancet 1996;
347(9015):1579-1582.

11. De Jonghe B, Sharshar T, Lefaucher J, Althier FJ, Durand-Zaleski I,
Bolssarsar M, et al. Paresis acquired in intensive care unit: a pro-
spective multicentric study. JAMA 2002;288(22):1639-1641.

12. Brunello A, Haenggi M, Wigger O, Porta F, Takala J, Jakob S.
Usefulness of a clinical diagnosis of ICU-acquired paresis to predict
outcome in patients with SIRS and acute respiratory failure. Inten-
sive Care Med 2010;36(1):66-74.

13. Schweickert WD, Hall J. ICU-acquired weakness. Chest 2007;131(5):
1541-1549.

14. Hermans G, De Jonghe B, Bruyninckx F, Van-den-Berghe G. Inter-
ventions for preventing critical illness polyneuropathy and critical
illness myopathy. Cochrane Database Syst Rev 2009;(1):CD006832.
DOI: 10.1002/14651858.CD006832.pub2.

15. Boles J, Bion J, Connors A, Herridge M, Marsh B, Melot C, et al.
Weaning from mechanical ventilation. Eur Respir J 2007;29(5):1033-
1056.

16. Brochard L, Rauss A, Benito S, Conte G, Mancebo J, Rekik N, et al.
Comparison of three methods of gradual withdrawal from ventilatory
support during weaning from mechanical ventilation. Am J Respir
Crit Care 1994;150(4):896-903.

17. Esteban A, Alía I, Tobin M, Gil A, Gordo F, Vallverdú I, et al. Effect
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