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A B S T R A C T

Background

Critical illness polyneuropathy or myopathy (CIP/CIM) is a frequent complication in the intensive care unit (ICU) and is associated with
prolonged mechanical ventilation, longer ICU stay and increased mortality. This is an interim update of a review first published in 2009
(Hermans 2009). It has been updated to October 2011, with further potentially eligible studies from a December 2013 search characterised
as awaiting assessment.

Objectives

To systematically review the evidence from RCTs concerning the ability of any intervention to reduce the incidence of CIP or CIM in critically
ill individuals.

Search methods

On 4 October 2011, we searched the Cochrane Neuromuscular Disease Group Specialized Register, CENTRAL, MEDLINE, and EMBASE. We
checked the bibliographies of identified trials and contacted trial authors and experts in the field. We carried out an additional search of
these databases on 6 December 2013 to identify recent studies.

Selection criteria

All randomised controlled trials (RCTs), examining the eIect of any intervention on the incidence of CIP/CIM in people admitted to adult
medical or surgical ICUs. The primary outcome was the incidence of CIP/CIM in ICU, based on electrophysiological or clinical examination.
Secondary outcomes included duration of mechanical ventilation, duration of ICU stay, death at 30 and 180 days aJer ICU admission and
serious adverse events from the treatment regimens.

Data collection and analysis

Two authors independently extracted the data and assessed the risk of bias in included studies.

Main results

We identified five trials that met our inclusion criteria. Two trials compared intensive insulin therapy (IIT) to conventional insulin therapy
(CIT). IIT significantly reduced CIP/CIM in the screened (n = 825; risk ratio (RR) 0.65, 95% confidence interval (CI) 0.55 to 0.77) and total (n =
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2748; RR 0.70, 95% CI 0.60 to 0.82) population randomised. IIT reduced duration of mechanical ventilation, ICU stay and 180-day mortality,
but not 30-day mortality compared with CIT. Hypoglycaemia increased with IIT but did not cause early deaths.

One trial compared corticosteroids with placebo (n = 180). The trial found no eIect of treatment on CIP/CIM (RR 1.27, 95% CI 0.77 to 2.08),
180-day mortality, new infections, glycaemia at day seven, or episodes of pneumonia, but did show a reduction of new shock events.

In the fourth trial, early physical therapy reduced CIP/CIM in 82/104 evaluable participants in ICU (RR 0.62. 95% CI 0.39 to 0.96). Statistical
significance was lost when we performed a full intention-to-treat analysis (RR 0.81, 95% CI 0.60 to 1.08). Duration of mechanical ventilation
but not ICU stay was significantly shorter in the intervention group. Hospital mortality was not aIected but 30- and 180-day mortality
results were not available. No adverse eIects were noticed.

The last trial found a reduced incidence of CIP/CIM in 52 evaluable participants out of a total of 140 who were randomised to electrical
muscle stimulation (EMS) versus no stimulation (RR 0.32, 95% CI 0.10 to 1.01). These data were prone to bias due to imbalances between
treatment groups in this subgroup of participants. AJer we imputed missing data and performed an intention-to-treat analysis, there was
still no significant eIect (RR 0.94, 95% CI 0.78 to 1.15). The investigators found no eIect on duration of mechanical ventilation and noted
no diIerence in ICU mortality, but did not report 30- and 180-day mortality.

We updated the searches in December 2013 and identified nine potentially eligible studies that will be assessed for inclusion in the next
update of the review.

Authors' conclusions

There is moderate quality evidence from two large trials that intensive insulin therapy reduces CIP/CIM, and high quality evidence that
it reduces duration of mechanical ventilation, ICU stay and 180-day mortality, at the expense of hypoglycaemia. Consequences and
prevention of hypoglycaemia need further study. There is moderate quality evidence which suggests no eIect of corticosteroids on CIP/CIM
and high quality evidence that steroids do not aIect secondary outcomes, except for fewer new shock episodes. Moderate quality evidence
suggests a potential benefit of early rehabilitation on CIP/CIM which is accompanied by a shorter duration of mechanical ventilation but
without an eIect on ICU stay. Very low quality evidence suggests no eIect of EMS, although data are prone to bias. Strict diagnostic criteria
for CIP/CIM are urgently needed for research purposes. Large RCTs need to be conducted to further explore the role of early rehabilitation
and EMS and to develop new preventive strategies.

P L A I N   L A N G U A G E   S U M M A R Y

Interventions to reduce neuromuscular complications acquired during the acute phase of critical illness

Review question

We reviewed the evidence about the eIect of treatments to prevent or reduce complications aIecting the nerves or muscles during the
severe, early phase of critical illness. These complications are called critical illness polyneuropathy or myopathy (CIP/CIM) and can aIect
nerves, muscles or both.

Background

CIP/CIM is a frequent complication of critical care. CIP/CIM causes weakness of limbs and of muscles used for breathing. These diIiculties
can make it diIicult for the person to come oI a ventilator and start rehabilitation. CIP/CIM can also mean a longer stay in the intensive care
unit (ICU) and increases the risk of death. Recovery takes weeks or months and in severe cases it may be incomplete or absent. Prevention
and treatment of CIP/CIM is therefore very important.

Study characteristics

We searched for all randomised controlled trials (RCTs) that looked at the eIects of any treatment to prevent CIP/CIM in adults admitted to
an ICU. We identified and analysed five trials that were suitable for inclusion in our review. These trials studied four treatments: intensive
insulin therapy (IIT), corticosteroid therapy, early rehabilitation, and electrical muscle stimulation.

Key results and quality of the evidence

Two trials, with a total of 825 adults staying in ICU for one week or more, studied the eIect of IIT versus conventional insulin therapy (CIT)
on the incidence of CIP/CIM. IIT aimed to produce normal blood sugar levels (80 to 110 mg/dL) and CIT aimed to avoid high blood sugar
(blood sugar over 215 mg/dL). Combining the results of both trials showed moderate quality evidence that IIT reduces CIP/CIM. There was
high quality evidence that it reduced time spent on a ventilator, ICU stay and 180-day mortality but not 30-day mortality. There were more
episodes of low blood sugar with IIT. Although there was not an increase in deaths within 24 hours of episodes of low blood sugar, low
blood sugar remains a concern as it can damage the brain. Neither trial reported the degree of limb weakness or on physical rehabilitation.
The results came from a subgroup of people who were in the ICU for a long time, which may also limit the conclusions.
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The third trial compared corticosteroid therapy with a placebo in 180 people with acute respiratory distress syndrome (ARDS). Moderate
quality evidence suggested no eIect of corticosteroids on CIP/CIM (in 92 participants evaluated). High quality evidence showed no eIect
on 180-day mortality, new serious infections, blood glucose levels on day seven or episodes of suspected or probable pneumonia. There
were fewer episodes of shock (a life-threatening condition where there is a lack of blood flow to vital organs).

The fourth trial was of on early rehabilitation in 104 participants in a medical ICU. There was moderate quality evidence of a reduction
in CIP/CIM in the 82 participants who could be evaluated in the ICU. This eIect was not significant when imputation to intention-to-treat
analysis was performed. Early rehabilitation reduced the duration of mechanical ventilation but did not aIect ICU stay or deaths. The trial
reported no serious adverse events.

Finally, a trial compared the eIect of EMS of the lower limbs to no stimulation. The trial included 140 participants but provided results for
only 52 of them. It supplied very low quality evidence that EMS was without eIect in preventing CIP/CIM. There was no eIect on duration
of mechanical ventilation or deaths. Because the EMS and control groups diIered in type and severity of disease,   these findings may not
be reliable. Results were even less significant when imputation to intention-to-treat analysis was performed. The study found no eIect of
EMS on duration of mechanical ventilation or deaths.

The evidence is up to date as of October 2011. We re-ran the search for studies in December 2013 and identified nine additional potentially
eligible studies that we will assess in the next update of the review.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Intensive insulin therapy versus conventional insulin therapy for preventing critical illness
polyneuropathy and critical illness myopathy

Intensive insulin therapy (IIT) versus conventional insulin therapy (CIT) for preventing critical illness polyneuropathy and critical illness myopathy

Patient or population: critically ill patients
Settings: medical or surgical ICU
Intervention: IIT versus CIT

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

CIT IIT

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Occurrence of CIP/CIM - in total
population randomised

220 per 1000 154 per 1000 
(132 to 181)

RR 0.7 
(0.6 to 0.82)

2748
(2 studies)

⊕⊕⊝⊝

low 1,2,3
 

Occurrence of CIP/CIM - in
screened population

495 per 1000 322 per 1000 
(272 to 381)

RR 0.65 
(0.55 to 0.77)

825
(2 studies)

⊕⊕⊕⊝

moderate 3
 

Duration of mechanical ventilation
- in total population randomised 
(in days)

  The mean duration of mechani-
cal ventilation - in total population
randomised in the intervention
groups was
2 days less 
(2.93 to 1.07 lower)

  2748
(2 studies)

⊕⊕⊕⊕
high

 

Duration of ICU stay - in total pop-
ulation randomised 
(in days)

  The mean duration of ICU stay - in
total population randomised in the
intervention groups was
1.48 days less 
(2.43 to 0.54 lower)

  2748
(2 studies)

⊕⊕⊕⊕
high

 

Death - at 30 days after ICU ad-
mission, in total population ran-
domised

171 per 1000 161 per 1000 
(137 to 188)

RR 0.94 
(0.8 to 1.1)

2748
(2 studies)

⊕⊕⊕⊕
high

 

Death - at 180 days after ICU ad-
mission, in total population ran-
domised

231 per 1000 201 per 1000 
(176 to 231)

RR 0.87 
(0.76 to 1)

2748
(2 studies)

⊕⊕⊕⊝

moderate 3
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Serious adverse events, - in total
population randomised - hypogly-
caemia

18 per 1000 113 per 1000 
(75 to 171)

RR 6.27 
(4.15 to 9.49)

2748
(2 studies)

⊕⊕⊕⊕
high

 

*The basis for the assumed risk (eg the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; CIT: conventional insulin therapy; ICU: intensive care unit; IIT: intensive insulin therapy; RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1 Imputation of a large amount of data because screening electrophysiological testing was only performed in patients in ICU for one week.
2 Significantly fewer participants treated with IIT in the original surgical ICU study, but not in the medical study, reached the CIP/CIM screening period. The reason was the benefit
of IIT in the first seven days, a possible source of bias in the subsequent results. Any bias as such, originated from earlier ICU discharge in the intervention group and is expected
to reduce rather than inflate the eIect.
3 Substantial heterogeneity present, explained by clinical diversity. As only two studies are available, we could not perform a subanalysis of medical and surgical participants.
 
 

Summary of findings 2.   Corticosteroids versus placebo compared for preventing critical illness polyneuropathy and critical illness myopathy

Corticosteroids versus placebo compared to for

Patient or population: critically ill patients
Settings: medical or surgical ICU
Intervention: corticosteroids versus placebo

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Placebo Corticosteroids

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Occurrence of CIP/CIM - in total popu-
lation randomised

231 per 1000 293 per 1000 
(178 to 480)

RR 1.27 
(0.77 to 2.08)

180
(1 study)

⊕⊕⊝⊝

low 1,2
 

Occurrence of CIP/CIM - in screened
population

229 per 1000 250 per 1000 
(121 to 518)

RR 1.09 
(0.53 to 2.26)

92
(1 study)

⊕⊕⊕⊝

moderate 2
 

Death - death at 180 days in total pop-
ulation randomised

319 per 1000 315 per 1000 
(204 to 484)

RR 0.99 
(0.64 to 1.52)

180
(1 study)

⊕⊕⊕⊕
high
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Serious adverse events (dichotomous
data) - shock

165 per 1000 68 per 1000 
(28 to 166)

RR 0.41 
(0.17 to 1.01)

180
(1 study)

⊕⊕⊕⊕
high

 

Serious adverse events (dichotomous
data) - serious infection

330 per 1000 224 per 1000 
(138 to 366)

RR 0.68 
(0.42 to 1.11)

180
(1 study)

⊕⊕⊕⊕
high

 

Serious adverse events (dichotomous
data) - suspected or probable pneu-
monia

154 per 1000 68 per 1000 
(28 to 168)

RR 0.44 
(0.18 to 1.09)

180
(1 study)

⊕⊕⊕⊕
high

 

Serious adverse events (continuous
data) - blood glucose (mg/dL) on day 7

  The mean blood glucose
on day 7 in the intervention
groups was
15 mg/dL higher 
(3.41 lower to 33.41 higher)

  180
(1 study)

⊕⊕⊕⊕
high

 

*The basis for the assumed risk (eg the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; ICU: intensive care unit; RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1 Imputation of a substantial amount of data.
2 No clear diagnostic criteria for CIP/CIM stated.
 
 

Summary of findings 3.   Early physical therapy versus control for preventing critical illness polyneuropathy and critical illness myopathy

Early physical therapy versus control for preventing critical illness polyneuropathy and critical illness myopathy

Patient or population: critically ill patients
Settings: medical or surgical ICU
Intervention: early physical therapy versus control

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Early physical therapy

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments
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Occurrence of CIP/CIM - in the total
population randomised

709 per 1000 574 per 1000 
(425 to 766)

RR 0.81 
(0.6 to 1.08)

104
(1 study)

⊕⊕⊝⊝

low 1,2
 

Occurrence of CIP/CIM - in screened
population

634 per 1000 393 per 1000 
(247 to 609)

RR 0.62 
(0.39 to 0.96)

82
(1 study)

⊕⊕⊕⊝

moderate 2
 

Serious adverse events - in total
population randomised

0 per 1000 0 per 1000 
(0 to 0)

RR 3.36 
(0.14 to 80.62)

104
(1 study)

⊕⊕⊕⊝

moderate 2
 

*The basis for the assumed risk (eg the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; ICU: intensive care unit; RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1 Imputation of a substantial amount of data.
2 Data were obtained from a single, though high quality study, with a limited number of participants.
 
 

Summary of findings 4.   Electrical muscle stimulation versus control for preventing critical illness polyneuropathy and critical illness myopathy

Electrical muscle stimulation versus control for preventing critical illness polyneuropathy and critical illness myopathy

Patient or population: critically ill patients
Settings: medical or surgical ICU
Intervention: electrical muscle stimulation versus control

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Electrical muscle stimulation

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Comments

Occurrence of CIP/CIM - in
the total population ran-
domised

764 per 1000 718 per 1000 
(596 to 878)

RR 0.94 
(0.78 to 1.15)

140
(1 study)

⊕⊝⊝⊝

very low 1,2,3,4,5
 

Occurrence of CIP/CIM - in
screened population

393 per 1000 126 per 1000 
(39 to 397)

RR 0.32 
(0.1 to 1.01)

52
(1 study)

⊕⊝⊝⊝

very low 1,2,3,5
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*The basis for the assumed risk (eg the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; ICU: intensive care unit; RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1 Lack of blinding may have introduced bias.
2 Non-random component in the sequence generation may have introduced bias.
3 Important diIerences in baseline characteristics and severity of illness between the screened intervention group and the control group, which may have artificially increased
the treatment eIect.
4 Imputation of a substantial amount of data.
5 Data are from a single study with relatively small number of participants and events of neuromyopathy.
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B A C K G R O U N D

Description of the condition

Critical illness polyneuropathy (CIP) is an acute and primary
axonal motor and sensory polyneuropathy. It occurs in critically ill
individuals and is related to severe limb weakness and diIiculty
in weaning from a ventilator. The term CIP was first used in 1986
(Bolton 1986). Later on it became apparent that in many individuals
the disease primarily aIected the muscles and the term myopathy
in critical illness or critical illness myopathy (CIM), was introduced.
It is now clear that the neuromuscular involvement during critical
illness covers a spectrum of neuropathy and myopathy, and in
many cases overlap syndromes are present.

Many clinical signs of CIP and CIM are similar and include flaccid
weakness of the limbs. Weakness aIects legs more oJen than arms.
Although head, facial, tongue and jaw movement are relatively
spared, facial muscles can be involved and ophthalmoplegia may
occur. Involvement of the phrenic nerves and diaphragm may cause
ventilator weaning problems. In CIP, distal loss of sensitivity to pain,
temperature and vibration may also occur. Deep tendon reflexes
are usually normal or reduced in pure CIM but may be absent in CIP.

Several diagnostic approaches are available. Muscle strength can
be quantified using the Medical Research Council (MRC) sum-
score (De Jonghe 2002). This score grades muscle weakness
in six muscle groups between zero and five (Kleyweg 1991)
(Table 1). When added up, a cut-oI of 48 may be used to
indicate clinically relevant weakness (De Jonghe 2002). This tool
was validated in individuals who are awake and co-operative
using standard evaluation of consciousness. During the early
unconscious phase of critical illness, such evaluation may oJen not
be possible. Information from clinical examination is then limited.
Electrophysiological testing may be used also during this early
stage to confirm the diagnosis and to exclude other causes of
weakness. Nerve conduction studies (NCS) show normal or near
normal nerve conduction velocity, in contrast to Guillain-Barré
syndrome, in which demyelination occurs. In CIP, NCS also typically
show reduced nerve conduction amplitudes. Electromyography
(EMG) oJen reveals abundant spontaneous electrical activity.
EMG and NCS findings are not specific, however, and occur
in CIP as well as in CIM and in other disorders. Therefore,
diIerentiating between CIP and CIM using electrophysiological
data is oJen only possible when individuals are fully co-operative

and voluntary motor unit potential recruitment can be studied.
Also, direct muscle stimulation can be helpful, although it is
technically demanding. Co-existence of CIP and CIM can also make
interpretation diIicult. Ultimately, electrophysiological findings
always need to be correlated with clinical findings. Finally, muscle
biopsy can confirm muscle involvement and diIerentiate between
the three subtypes of CIM: diIuse non-necrotising myopathy or CIM
in the strict sense; thick filament myopathy; and acute necrotising
myopathy.

Due to the diIiculty in diIerentiating between CIP and CIM, and the
frequent association of both, terminology used in the literature is
oJen inconsistent and sometimes merely descriptive (for example
'ICU acquired paresis' and 'acquired neuromuscular disorders'),
and both disorders are frequently grouped together as critical
illness polyneuromyopathy or critical illness polyneuropathy and
myopathy (CIP/CIM).

The incidence rates reported in the literature vary according
to patient population, definition and timing of evaluation. For
instance, in individuals with sepsis or systemic inflammatory
response syndrome the incidence is 70% (Witt 1991), and rises up
to 100% if complicated by multiple organ failure (MOF) (Tennilä
2000). Among individuals in the intensive care unit (ICU) for at least
seven days, 25% will develop weakness (De Jonghe 2002), and 49%
to 84% electrophysiological abnormalities (Coakley 1998; Hermans
2007; Van den Berghe 2005).

Figure 1 outlines hypotheses on the pathophysiology of CIP/
CIM. Many risk factors have been related to the incidence of
CIP. Both prospective and retrospective trials have found sepsis,
systemic inflammatory response syndrome (SIRS) and multiple
organ failure to play a key part in the development of CIP.
Many other factors have been incriminated, although results have
not always been consistent. Factors identified as independent
risk factors by prospective studies are: female sex (De Jonghe
2002), severity of illness (Bednarík 2005; de Letter 2001; Nanas
2008), duration of organ dysfunction (De Jonghe 2002), renal
failure and renal replacement therapy (Garnacho-Montero 2001),
hyperglycaemia (Hermans 2007; Nanas 2008; Van den Berghe 2005),
hyperosmolality (Garnacho-Montero 2001), parenteral nutrition
(Garnacho-Montero 2001), serum albumin (Witt 1991), duration
of ICU stay (Van den Berghe 2005; Witt 1991), vasopressor and
catecholamine support (Hermans 2007; Van den Berghe 2005), and
central neurological failure (Garnacho-Montero 2001).
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Figure 1.   Presumed pathophysiological mechanisms and their interactions involved in the development of CIP/CIM.
Dark shaded area indicates events taking place in the nerves, light shaded area indicates events taking place in the
muscle. (Additional abbreviations: ROS, reactive oxygen species; SR, sarcoplasmic reticulum).

 
Data on the impact of corticosteroids on neuromuscular function
are controversial. Many reports found CIM to occur in individuals
treated with a combination of corticosteroids and neuromuscular
blocking agents (NMBAs). However, most prospective studies could
not identify corticosteroids as an independent risk factor for CIP
(Garnacho-Montero 2001), CIP/CIM (Bednarík 2005; de Letter 2001;
Nanas 2008; Van den Berghe 2005), or CIM (Weber-Carstens 2010),
although two other prospective trials on weakness did (De Jonghe
2002; Herridge 2003). In one study, corticosteroids were even
found to be an independent protective factor for the occurrence
of CIP/CIM (Hermans 2007). Most prospective trials also could
not identify NMBA use as an independent risk factor for CIP or
CIP/CIM (Bednarík 2005; De Jonghe 2002; Nanas 2008; Van den
Berghe 2005), although other trials did (Garnacho-Montero 2001;
Hermans 2007). A recent randomised controlled trial (RCT) in severe
acute respiratory distress syndrome (ARDS) did not show increased
muscle weakness in participants randomised to an early, short
course of NMBAs, compared with controls (Papazian 2010).

Until recently, the only possible way to aIect the incidence
of CIP and CIM was by controlling risk factors. This includes
aggressive treatment of sepsis and avoiding or limiting the use of
corticosteroids and NMBAs to the lowest dose possible and the
shortest time feasible.

Description of the interventions and how they might work

Nutritional therapy

Caloric deficit rapidly develops during critical illness due to
the dysfunctional gastro-intestinal tract. This catabolic state is
considered to contribute to muscle wasting and weakness. Whether
addition of parenteral feeding can reverse this and improve muscle
function is unclear (Berek 1997a; Bolton 1984; Waldhausen 1997).
Glutamine is relatively deficient in critically ill individuals, markedly
reduced in muscle biopsies taken during critical illness and possibly
pathogenically linked to CIM (Burnham 2005; Weitzel 2009).
Arginine is another conditionally essential amino acid, potentially
crucial for maintaining body protein homeostasis in critical illness
(Burnham 2005). We therefore examined the eIects of various
feeding protocols such as enteral feeding, parenteral feeding and
therapies such as protein and amino acid supplementation.

Antioxidant therapy

Excess production of free oxygen radicals and diminished
endogenous antioxidant mechanisms have been implicated in
multiple organ failure and septic shock (Brealey 2002). Muscle
biopsies in critically ill individuals also show decreased levels
of glutathione (GSH), an intracellular antioxidant (Hammarqvist
1997). Antioxidant therapy may therefore, improve outcome
because of its ability to scavenge free oxygen radicals and replete
GSH stores.

Interventions for preventing critical illness polyneuropathy and critical illness myopathy (Review)
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Hormonal therapy

The loss of lean body mass in critical illness is associated with
a disturbed balance between catabolic and anabolic hormones.
Correcting this balance by hormonal therapy may therefore be
beneficial. Testosterone derivates increase weight (Berger 1996),
survival (Mendenhall 1993), improve nitrogen balance (Michelsen
1982), and increase inspiratory muscle strength (Schols 1995), in
various settings. Evidence of hypogonadism was found in males
with CIP/CIM (Sharshar 2010). Therefore, the use of testosterone in
critically ill males is theoretically attractive.

Basal growth hormone secretion is increased in acute critical illness
but circulating levels of insulin-like growth factor 1 (IGF-1) are low
secondary to resistance to growth hormone. This may contribute
to increased protein turnover and negative nitrogen balance in this
condition. Treatment with recombinant human growth hormone
improves nitrogen balance (Gore 1991; Jeevanandam 1995; Pape
1991; Ponting 1988; Voerman 1992; Voerman 1995; Ziegler 1990),
which opens perspectives for clinical eIects on muscle function.

Hyperglycaemia is possibly detrimental for the peripheral nerve
in critical illness due to impairment of the microcirculation
(Bolton 2005; Witt 1991). Passive uptake of glucose with increased
generation or deficient scavenging of reactive oxygen species may
also have neurotoxic eIects (Van den Berghe 2004). Avoiding
hyperglycaemia by using insulin, on the other hand, might exert
a protective eIect on the neural mitochondrial function (Van
den Berghe 2005), and also reduce organ damage by endothelial
protection through diminished release of nitric oxide (Langouche
2005).

Some rationale also exists for treatment with corticosteroids
as these drugs may not only improve survival in some ICU
subpopulations (for example, septic shock, ARDS and acute
asthma) but could also reduce the duration and severity of
multiple organ failure, a major determinant of CIP/CIM (Bollaert
1998; Boyer 2006; Briegel 1999; Chalwa 1999; Meduri 1998; Rowe
2001; Steinberg 2006). Furthermore, corticosteroids independently
protected against CIP/CIM in one prospective trial (Hermans 2007).

Intravenous immunoglobulins

Immune mechanisms may be implicated in the pathogenesis of
CIP/CIM. In a retrospective study, early treatment of Gram-negative
sepsis with immunoglobulins may have prevented CIP (Mohr 1997).

Physical therapy and rehabilitation programs

Early physical therapy and mobilisation of critically ill individuals
appear feasible and safe (Morris 2008). As duration of
immobilisation is a risk factor for CIP/CIM, early mobilisation could
aIect its incidence, possibly by obviating disuse atrophy that
undoubtedly dominates this disorder (Pandit 2006).

Electrical muscle stimulation

Electrical muscle stimulation (EMS) increased exercise tolerance
and muscle strength in several populations, such as chronic
obstructive pulmonary disease (COPD) (Vivodtzev 2006), and
chronic heart failure (Deley 2005; Nuhr 2004). In the setting of
critical illness, EMS has been shown to preserve muscle mass
(Gerovasili 2009b) and to exert a short-term systemic eIect on the
microcirculation (Gerovasili 2009a), which makes it a potentially
interesting strategy.

Why it is important to do this review

This review is important for several reasons. Two previous
systematic reviews on CIP/CIM have been published (De Jonghe
1998; Stevens 2007). The first review considered prospective
cohort studies and focused on assessment and outcomes. The
second review aimed to determine prevalence, risk factors and
outcome. In the current systematic review, we aimed to specifically
assess the eIect of any intervention, studied in an RCT, on the
incidence of CIP/CIM. In ICU, interventions to reduce mortality
are obviously of paramount importance. However, in acute phase
survivors, reduction of morbidity is also imperative. CIP/CIM is now
recognised as a major complication of severe critical illness and
its highly sophisticated management in the ICU. As both locomotor
and respiratory muscles can be involved, CIP/CIM can significantly
aIect weaning from mechanical ventilation and recovery of
physical autonomy. Therefore, interventions demonstrated to
reduce the incidence of CIP/CIM are expected to have a beneficial
eIect on weaning and mechanical ventilation duration, muscle
function and overall locomotor autonomy in the recovery phase
as well as long-term functional disability. Improvement may take
weeks in mild cases and months in severe cases. In more severe
cases, recovery may be incomplete or not occur at all. Accumulating
evidence points to CIP/CIM as an important contributor to profound
long-term disability aJer ICU stay (Herridge 2011).

Although less clearly investigated to date, other potential adverse
consequences of CIP/CIM include negative psychological impact,
higher residual mortality aJer the acute phase, and increased
costs. No systematic review of interventions to prevent CIP/CIM
is currently available. This review was first published in 2009
(Hermans 2009), and this is the first update.

O B J E C T I V E S

To systematically review the evidence from RCTs concerning the
ability of any intervention to reduce the incidence of CIP or CIM in
critically ill individuals.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all RCTs in humans that compared the eIicacy of any
treatment used to prevent or reduce the incidence of CIP or CIM
as a primary or secondary outcome to placebo, no treatment or a
diIerent treatment.

Types of participants

Adults (over 18 years) of either sex, admitted to a medical, surgical
or mixed ICU.

Types of interventions

We included in the review any form of intervention that has been
related in the literature to a decreased risk of CIP or CIM or both.
Interventions include:

• nutritional interventions:
* enteral versus parenteral feeding; and

* supplemental therapies such as protein and amino acid
supplementation (glutamine and arginine);

Interventions for preventing critical illness polyneuropathy and critical illness myopathy (Review)
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• antioxidant therapy (for example, glutathione or n-acetyl
cysteine);

• hormone therapy: testosterone, oxandrolone, growth hormone,
IGF-1, intensive insulin therapy (IIT) and glucocorticoids;

• intravenous immunoglobulin;

• physiotherapy;

• EMS; and

• rehabilitation programs.

Types of outcome measures

Primary outcomes

The primary outcome measure was the incidence of CIP/CIM
during ICU stay. We extracted this outcome measure in ICU. As
no internationally accepted criteria exist for this diagnosis, we
defined CIP/CIM for the purpose of this review as weakness of the
limbs or respiratory muscles, or as EMG documented peripheral
polyneuropathy or myopathy for which causes other than CIP/CIM
have been excluded.

Secondary outcomes

Secondary outcome measures included clinically relevant
consequences from a possible reduction in the incidence of
CIP/CIM and also any possible side eIects of the therapy. The
secondary outcomes are limited by their surrogate nature as
outcome measures for CIP/CIM, as they can be influenced by other
ICU complications.
(a) Duration of mechanical ventilation. This was defined as the time
to actual and final liberation from the ventilator
(b) Duration of ICU stay
(c) Death at 30 days (aJer ICU admission)
(d) Death at 180 days (aJer ICU admission)
(e) Serious adverse events from the treatment regimens, which
were fatal, life-threatening or required prolonged hospital stay (eg
hypoglycaemia, hyperglycaemia, and organ failure)

Search methods for identification of studies

Electronic searches

On 4 October 2011, we searched the Cochrane Central Register
of Controlled Trials (CENTRAL) (2011, Issue 3 in The Cochrane
Library), MEDLINE (January 1966 to September 2011) and EMBASE
(January 1980 to September 2011). We used a combination of
MeSH and keyword searching in these databases. The detailed
search strategies are listed in the appendices: CENTRAL (Appendix
1), MEDLINE (Appendix 2), and EMBASE (Appendix 3). Shortly
before publication, on 3 December 2013, we updated the electronic
database searches. We screened titles and abstracts to identify any
studies potentially eligible for inclusion. We have included these
studies as Studies awaiting classification, for full assessment in the
next update of the review.

Searching other resources

We reviewed the bibliographies of the RCTs identified and
contacted trial authors and known experts in the field to identify
additional unpublished data.

Data collection and analysis

Selection of studies

Two of the four review authors independently checked titles and
abstracts identified from the searches. We obtained the full text
of all potentially relevant studies and the authors decided which
trials fit the inclusion criteria. If the two authors did not agree, the
authors achieved consensus by discussion.

Data extraction and management

Two review authors independently extracted data. We obtained
data on 'Risk of bias' criteria, baseline characteristics and relevant
data for the primary and secondary outcome measures if available.
When there were missing data we contacted the investigator
whenever possible. We also sought information about participants
who were randomised but excluded from analyses in the original
trial publications and, if available, incorporated their data into the
analysis.

Assessment of risk of bias in included studies

Our 'Risk of bias' assessment took into account security of
randomisation, allocation concealment, observer and participant
blinding, completeness of follow-up, intention-to-treat analysis
and explicit diagnostic criteria. Allocation concealment relates
to the randomisation procedures, whereby investigators involved
in participant allocation should not be able to influence how
the groups are assembled. It involves concealment of the next
allocation in the randomisation sequence, such that neither the
investigator nor the participants can be aware of the next group
assignment until aJer the decision about whether an individual is
eligible for the trial has been finalised. We graded these items as
low, unclear or high risk of bias according to the criteria formulated
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011a). If the information needed to make an assessment
was not available, we graded the item as at an unclear risk of
bias. For some items where there was insuIicient information to
form a judgement, we attempted to contact the study authors to
obtain additional information about the trial design. Two review
authors independently assessed the risk of bias. In the event of
disagreement between the two authors, agreement was reached
by consensus. One review author entered data into the Cochrane
statistical package, Review Manager 5 (RevMan 2012), and a second
author checked the data entry.

Measures of treatment e=ect

We analysed and presented results according to the statistical
guidelines of The Cochrane Collaboration as described in Chapter
9 of the Cochrane Handbook for Systematic Reviews of Interventions
(Deeks 2011). The reliability of the various pieces of evidence
obtained form part of the Discussion. We analysed and presented
trials of each intervention separately. We presented dichotomous
outcome data as risk ratios (RRs) and risk diIerences (RD) with 95%
confidence intervals (CIs). We presented continuous outcome data
as mean diIerences (MDs) with 95% CIs. We used the fixed-eIect
model and where there was heterogeneity we repeated the analysis
using the random-eIects model.

Assessment of reporting biases

There were too few included studies for a funnel plot to be
appropriate.
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'Summary of findings' tables

We applied the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) assessment method to the
studies included to determine the quality of evidence across
outcomes. We used methods and recommendations described
in Section 8.5 and Chapter 12 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011a) using
GRADEpro soJware. The GRADE method considers risk of bias,
directness of evidence, unexplained heterogeneity or inconsistency
of results, precision of eIect and risk of publication bias as factors
determining the quality of evidence (Atkins 2004). We included
all our primary and secondary outcomes for which data were
available.

Sensitivity analysis

We did not perform a sensitivity analysis excluding studies with the
lowest quality as we could only pool data for two studies.

Risk of bias in the review process

We have reported any discrepancies between the review and
the published protocol (Hermans 2007) in DiIerences between
protocol and review.

R E S U L T S

Description of studies

The search strategy in 2009 identified 23 potentially relevant
references, of which 14 were excluded. Nine trials fulfilled the
selection criteria (Caruso 2005; Hermans 2007; Johnson 1993;
Pichard 1996; Steinberg 2006; Takala 1999a; Takala 1999b; Van
den Berghe 2005; Watters 1997). For this revision, we defined our
inclusion criteria more clearly and more strictly, to consider only
those trials that actually reported the incidence of CIP/CIM as a
primary or secondary outcome. Therefore, we excluded studies
that reported other neuromuscular outcomes but not the incidence
of CIP/CIM (Caruso 2005; Johnson 1993; Pichard 1996; Takala 1999a;
Takala 1999b; Watters 1997). We also modified the search strategy
to increase its sensitivity. The MEDLINE search in October 2011
revealed another 10 possibly relevant references, out of the 343
that were retrieved. We excluded eight of these: one was not
an intervention trial (Brunello 2010), another two trials were not
performed in the ICU (Chiang 2006; Toledo 2007) and finally, five
trials did not provide the incidence of CIP/CIM as a primary or
secondary outcome (Burtin 2009; Gerovasili 2009a; Gruther 2010;
Morris 2008; Zanotti 2003). Two trials remained that fulfilled the
selection criteria (Routsi 2010; Schweickert 2009). Our search of
EMBASE up to October 2011 revealed another seven out of 408
retrieved studies, for possible inclusion. One trial was a subanalysis
of the EMS trial (Karatzanos 2012), and five others did not provide
the incidence of CIP/CIM as a primary or secondary outcome (Alia
2010; Chen 2011; Martin 2011; Miao 2005; Routsi 2009). One trial
randomised body parts rather than participants (Rodriguez 2012).
Additionally, two out of the 159 references retrieved by CENTRAL
were of potential interest. Both were excluded because of the
absence of the incidence of CIP/CIM as a primary or secondary
outcome (Huang 2006), or because the intervention was not
investigated with the potential to reduce the incidence of CIP/CIM
(Papazian 2010). Searching the Cochrane Neuromuscular Disease
Group Specialized Register produced another 10 hits which did not
result in any new references. Other data sources revealed another

four references which were all excluded because the studies were
not performed in the ICU (Menadue 2010; Salisbury 2010; Vivodtzev
2006) or did not present the incidence of CIP/CIM as a primary or
secondary outcome (Gerovasili 2009a).

We excluded a total of 41 studies. Five trials fulfilling the inclusion
criteria for this review remained (Hermans 2007; Routsi 2010;
Schweickert 2009; Steinberg 2006; Van den Berghe 2005).

We updated the searches in December 2013 and identified nine
trial reports that require further assessment (see Characteristics
of studies awaiting classification). We will assess these trials for
inclusion in the next update of the review. We also identified two
trial protocols from these searches (see Characteristics of ongoing
studies).

Two of the five included trials (Hermans 2007; Van den Berghe
2005) were planned subgroup analyses of the secondary outcomes
of two prior trials that compared treatment with IIT versus
conventional insulin therapy (CIT) on mortality and morbidity
outcomes in ICU (Van den Berghe 2001; Van den Berghe 2006a).
The two primary trials included 2748 participants randomised
to IIT or CIT, of whom 1548 were in a surgical ICU following
cardiac surgery (63%) or had medical/surgical complications aJer
other surgery or trauma (37%) (Van den Berghe 2001), and 1200
were in a medical ICU, with a variety of conditions (Van den
Berghe 2006a). Between 13% and 17% of the participants had
diabetes prior to admission. At day seven, 1923 participants in
these primary trials had been discharged from the ICU or had
died, leaving a total of 825 participants who were evaluable for
'screening' for CIP/CIM and were included in the two secondary
trials (see Characteristics of included studies). Van den Berghe 2005
evaluated patients treated in the surgical ICU and included 405
participants who reached seven days of ICU care, from among
the 1548 participants in the original surgical ICU randomisation.
Hermans 2007 enrolled patients in the sister medical ICU study,
and included 420 of the 1200 participants in the primary study.
The investigators diagnosed CIP/CIM in these 825 participants by
weekly electrophysiological examination. The neurophysiologist
performing the EMG screening, who determined the presence or
absence of diagnostic EMG changes, was blinded to the treatment
group. Assessments of mortality and length of stay were not
blinded. Significantly fewer participants treated with IIT in the
original surgical ICU study (Van den Berghe 2001), but not in
the medical study (Van den Berghe 2006a), reached the CIP/CIM
screening period because of the benefit of IIT in the first seven days,
a possible source of bias in the subsequent results. Any bias as such
originated from earlier ICU discharge in the intervention group and
would be expected to reduce rather than inflate the eIect. Both
trials were single centre trials.

One trial compared therapy with corticosteroids versus placebo
in 180 participants with unresolving ARDS (Steinberg 2006).
Intravenous methylprednisolone was given at a starting dose
of 2 mg/kg/day then gradually tapered over more than three
weeks. During this trial, six adverse events of neuromyopathy were
reported. This was followed by a retrospective chart review of
all the 88 previously enrolled participants, ordered by the safety
board. From then on, neuromyopathy was prospectively evaluated
in the next 92 participants.

One trial randomised 104 critically ill medical individuals within 72
hours of mechanical ventilation to early physical and occupational
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therapy co-ordinated with daily interruption of sedatives, versus
standard care (Schweickert 2009). The latter included the
interruption of sedatives and physiotherapy as ordered by the
treating physician. The participating sites did not usually order
physiotherapy for individuals mechanically ventilated for less than
two weeks. Participants were all living independently premorbidly
and expected to be ventilated for at least one more day. CIP/CIM was
evaluated using the MRC sum-score. For participants who never
awakened, the authors of the study imputed a zero MRC score.

One trial randomised 140 participants on the second day of ICU
stay to daily sessions of bilateral lower limb EMS versus control,
without sham stimulation (Routsi 2010). CIP/CIM was diagnosed
using the MRC sum-score with a cut-oI of 48. Only 24 EMS and
28 control participants were actually evaluable. The reasons for
missing MRC data included death, impaired cognitive state or

dropout because of prolonged neuromuscular blocking treatment
or no EMS sessions received. In the evaluable participants, a
significant baseline diIerence was present between EMS and
control participants in their APACHE II score (EMS 16 ± 4, control
19 ± 5; MD -3.00, 95% CI -5.45 to -0.55), diagnostic categories on
admission (P = 0.05) and the presence of comorbid renal disease
(EMS 0%, control 21%; P = 0.03; RR 0.07, 95% CI 0 to 1.33)
(Karatzanos 2012), which possibly influences the significance of any
results.

Risk of bias in included studies

The risk of bias for the individual trials is described in
Characteristics of included studies and Figure 2 provides a
summary of review authors' judgements across all domains for all
studies.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
Red (-) = high risk of bias; green (+) = low risk of bias; yellow (?) = unclear risk of bias (not shown).

 
In four trials, we considered random sequence generation,
allocation concealment, and blinding for the neuromuscular
outcome to be at low risk of bias (Hermans 2007; Schweickert

2009; Steinberg 2006; Van den Berghe 2005). In one trial, we
considered sequence generation and allocation concealment to
be at high risk of bias because the trialists used odd and even
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numbers for group assignments (Routsi 2010). In Routsi 2010,
blinding for neuromuscular outcome data was also judged to be
at high risk of bias because outcome assessors were not blinded
to the participant allocation. We considered blinding for mortality
at low risk of bias in all trials, as knowledge of the intervention
is unlikely to aIect this outcome (Higgins 2011b). Blinding for
other secondary outcomes was at high risk of bias in two trials
(Routsi 2010; Schweickert 2009) and at low risk in the remaining
trials. We judged completeness of follow-up for the neuromuscular
outcome as at high risk of bias because of the substantial amount
of imputed data in four trials (Hermans 2007; Schweickert 2009;
Steinberg 2006; Van den Berghe 2005). We also assigned a high risk
of bias for this item to the EMS trial because of imbalance in the
screened patients and because it was necessary to impute a large
amount of data to perform an intention-to-treat analysis (Routsi
2010). Attrition bias for mortality and for other secondary outcomes
was low in all studies. One study lacked adequate diagnostic
criteria (Steinberg 2006). In this trial, no clear predefined diagnostic
criteria were used for either the retrospectively or prospectively
evaluated participants. In the four other trials reporting data on
our primary outcome measure, predefined electrophysiological or
clinical criteria were used (Hermans 2007; Routsi 2010; Schweickert
2009; Van den Berghe 2005). We therefore graded them as at low
risk of bias in this respect. In one trial, we identified an additional
risk of bias as the trial was stopped due to a formal, but data-
dependent, stopping rule (Van den Berghe 2005).

We used unpublished information derived from the authors to
assess certain items for three trials (Hermans 2007; Schweickert
2009; Van den Berghe 2005).

E=ects of interventions

See: Summary of findings for the main comparison Intensive
insulin therapy versus conventional insulin therapy for preventing
critical illness polyneuropathy and critical illness myopathy;
Summary of findings 2 Corticosteroids versus placebo compared
for preventing critical illness polyneuropathy and critical illness
myopathy; Summary of findings 3 Early physical therapy
versus control for preventing critical illness polyneuropathy and
critical illness myopathy; Summary of findings 4 Electrical

muscle stimulation versus control for preventing critical illness
polyneuropathy and critical illness myopathy

Intensive insulin therapy versus conventional insulin therapy

Primary outcome measure: occurrence of CIP/CIM

Data on the incidence of CIP/CIM were available from both insulin
trials for individuals in the ICU for at least seven days (Hermans
2007; Van den Berghe 2005). In the individual studies, significantly
fewer participants in the ongoing IIT group developed CIP/CIM
compared to the CIT group. In Van den Berghe 2005, the RR was
0.52 (95% CI 0.39 to 0.69) and in Hermans 2007, the RR was 0.77
(95% CI 0.62 to 0.96). Analysis of the whole surgical population
who received CIT or IIT was performed as a post hoc intention-to-
treat analysis (n = 1548) with negative imputation performed for
participants who were not screened by EMG because they were no
longer in the ICU on day seven. In the whole population IIT reduced
the risk of CIP/CIM, as assessed by weekly EMG screenings (RR 0.49,
95% CI 0.37 to 0.66), but this analysis involved imputing data for
74% of the participants. A similar analysis in the medical population
revealed an RR of 0.84 (95% CI 0.70 to 1.01), with imputation of 72%
of the data.

A meta-analysis of the two insulin trials was possible, which
comprised 389 participants treated with IIT and 436 participants
treated with CIT. In the surgical trial, but not in the medical trial,
significantly fewer IIT participants entered the screened phase. Any
bias originated from earlier ICU discharge in the intervention group
and would be expected to reduce rather than inflate the eIect.
Meta-analysis using a fixed-eIect model showed a significant
benefit of IIT in the 'screened' patients, with an RR of 0.65 (95% CI
0.55 to 0.77) (Analysis 1.1, Figure 3). As the statistical heterogeneity
here is the result of clinical diversity, the fixed-eIect analysis
provides the best estimate of the intervention eIect (Deeks 2011).
Use of a more conservative random-eIects model, to account for
heterogeneity, changes the RR to 0.64 (95% CI 0.44 to 0.94). With
only two studies in the meta-analysis, however, a random-eIects
analysis provides poor estimates of the distribution of intervention
eIects (Deeks 2011). Based on the current data, we cannot exclude
a real or artificial diIerence in the eIect size between medical and
surgical patients.
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Figure 3.   Forest plot of comparison: 1 Intensive insulin therapy (IIT) versus conventional insulin therapy (CIT),
outcome: 1.1 Occurrence of CIP/CIM.

 
We have also performed an analysis of practicality, as it is not
possible to identify individuals upon admission to ICU as needing
ICU for at least one week. We analysed data on the primary outcome
measure as well as on the secondary outcome measures in the
total randomised population (1360 IIT and 1388 CIT participants).
As participants who were in the ICU for less than one week did
not undergo an electrophysiological examination, we imputed data
for them. For the purpose of the analysis, we categorised those
who died as having CIP/CIM, whereas we categorised patients
discharged early, and therefore not evaluated, as not having CIP/
CIM. This showed that IIT had a significantly beneficial eIect on
CIP/CIM, with an RR of 0.70 (95% CI 0.60 to 0.82) (Analysis 1.1) but
the eIect was lost in the random-eIects analysis (RR 0.65, 95%
CI 0.38 to 1.11). This conclusion remained when we imputed data
only for participants who had been discharged alive and did not
make assumptions about the neuromuscular status of those who
died early (fixed-eIect model RR 0.60, 95% CI 0.49 to 0.73; random-
eIects model RR 0.58, 95% CI 0.33 to 1.02, analysis not shown).

Secondary outcome measures

Duration of mechanical ventilation

For the insulin trials, the need for prolonged mechanical ventilation
(a surrogate measure of neuromuscular weakness) was defined as
mechanical ventilation for at least 14 days. The need for mechanical
ventilation was significantly reduced in the IIT group compared to
the CIT group, with an RR of 0.76 (95% CI 0.58 to 0.99) for Van den
Berghe 2005 and an RR of 0.74 (95% CI 0.59 to 0.94) for Hermans
2007. In meta-analysis, IIT had a significant beneficial eIect on
the duration of mechanical ventilation, with an MD of -2.00 days
(95% CI -2.93 to -1.07) for the total population randomised and
an MD of -2.55 days (95% CI -4.60 to -0.51) for the population
actually included at seven days or more of ICU stay (Analysis 1.2).
In practical terms, only people surviving the ICU will benefit from
an intervention that reduces CIP/CIM, and so we analysed data for
ICU survivors (1181 participants with IIT and 1163 participants with

CIT). IIT reduced the duration of mechanical ventilation in the ICU
survivors as part of the total population randomised (MD -1.00, 95%
CI -1.86 to -0.14) (Analysis 1.2), but not in the subpopulation of
ICU survivors who were included with seven or more days of ICU
admission.

Duration of ICU stay

IIT significantly reduced the duration of ICU stay (Hermans 2007;
Van den Berghe 2005). The MD was -1.48 days (95% CI -2.43 to -0.54)
for the total population randomised and MD -3.59 days (95% CI
-5.70 to -1.48) in the screened population (Analysis 1.3). When we
analysed only the population of ICU survivors, the statistical benefit
remained in the total randomised group (MD -1.00 days, 95% CI
-1.90 to -0.10), but not in the screened population (MD -2.18 days,
95% CI -4.66 to 0.30).

Death at 30 and 180 days

In the insulin trials, there was no statistically significant eIect on
mortality at 30 days in the total population (RR 0.94, 95% CI 0.80 to
1.10) or in the screened population (RR 0.91, 95% CI 0.72 to 1.14)
(Analysis 1.4). With a fixed-eIect model, the meta-analysis showed
a significant beneficial eIect on 180-day mortality (total population
RR 0.87, 95% CI 0.76 to 1.00, screened population RR 0.78, 95% CI
0.66 to 0.93). When we used a more conservative random-eIects
model to take into account the heterogeneity, this eIect was lost
in the total population (RR 0.83, 95% CI 0.60 to 1.13) but confirmed
in the screened population (RR 0.79, 95% CI 0.63 to 0.98). However,
this random-eIects analysis is bound to provide poor estimates
of the distribution of intervention eIects, as there were only two
studies in the meta-analysis (see primary outcome measure above).

Serious adverse events

The insulin trials defined hypoglycaemia as blood glucose below 40
mg/dL and the occurrence of at least two hypoglycaemic events.
The incidence of hypoglycaemia was significantly higher in the IIT
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than the CIT group in both the total patient population randomised
(RR 6.27, 95% CI 4.15 to 9.49), as well as in the screened participants
(RR 6.93, 95% CI 4.10 to 11.72) (Analysis 1.5). There was no increase
in death 24 hours aJer the last hypoglycaemic event in the total
population randomised (RR 1.6, 95% CI 0.42-6.10).

Corticosteroids versus placebo

Primary outcome measure: occurrence of CIP/CIM

The steroid trial (Steinberg 2006) provided primary outcome data
on clinical weakness. The trial involved 92 participants, of whom

48 received placebo and 44 received corticosteroids. There was
no significant diIerence between the treatment groups according
to the data that the trialists obtained prospectively (incidence
of CIP/CIM in the placebo group was 11/48 (23%), and in the
intervention group, 11/44 (25%); RR 1.09, 95% CI 0.53 to 2.26)
(Analysis 2.1, Figure 4). We also performed an intention-to-treat
analysis, by imputing data for the first 88 participants, whom the
trial authors did not evaluate prospectively. For this purpose we
used the retrospective data available for these participants. With
imputed data there was also no significant eIect (RR 1.27, 95% CI
0.77 to 2.08).

 

Figure 4.   Forest plot of comparison: 2 Corticosteroids versus placebo, outcome: 2.1 Occurrence of CIP/CIM.

 
Secondary outcome measures

Duration of mechanical ventilation

Not reported

Duration of ICU stay

Not reported

Death at 30 and 180 days

Steroids had no eIect on mortality at 180 days (RR 0.99, 95% CI
0.64 to 1.52) (Analysis 2.2). No data were available at 30 days,
as the primary outcome measure of this trial was death at 60
days (which also showed no diIerence). Subanalyses, however,
revealed increased mortality in the steroid-treated participants in
the subgroup enrolled at least 14 days aJer the onset of ARDS at 60
days, as well as at 180 days.

Serious adverse events

Treatment with corticosteroids appeared to have a protective eIect
on the occurrence of new episodes of shock (RR 0.41, 95% CI 0.17
to 1.01) (Analysis 2.3), and no significant eIect on new serious
infections (RR 0.68, 95% CI 0.42 to 1.11) or episodes of suspected or
probable pneumonia (RR 0.44, 95% CI 0.18 to 1.09). Blood glucose

levels reported in this trial on day seven were not significantly
diIerent in corticosteroid and placebo groups (MD 15.00 mg/dL,
95% CI -3.41 to 33.41) (Analysis 2.4).

Early physical therapy versus control

Primary outcome measure: occurrence of CIP/CIM

The early physical therapy trial reported data on CIP/CIM at hospital
discharge and included imputation using an MRC value of zero
for non-survivors (Schweickert 2009). There was no significant
diIerence in the incidence of CIP/CIM in the total randomised
population at hospital discharge (15/49 in the intervention group
versus 27/55 in the control group with significant weakness, RR
0.62, 95% CI 0.38 to 1.03, analysis not shown). We obtained
further data about participants with weakness at ICU discharge
through personal communication with the study authors. For the
total population randomised to early therapy versus standard care
(intention-to-treat analysis, imputing worst values for participants
who were not evaluable), the RR for the intervention was not
significant at ICU discharge (RR 0.81, 95% CI 0.60 to 1.08) (Analysis
3.1, Figure 5). For participants both randomised and actually
screened (alive and co-operative), the RR of CIP/CIM at ICU
discharge judged by weakness was 0.62 (95% CI 0.39 to 0.96)
(Analysis 3.1, Figure 5).
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Figure 5.   Forest plot of comparison: 6 EarIy physical therapy versus control, outcome: 6.1 Occurence of CIP/CIM.

 
Secondary outcome measures

Duration of mechanical ventilation

The early physical therapy trial (Schweickert 2009) reported a
significant reduction in the duration of mechanical ventilation
(median (IQR) 3.4 days (2.3 to 7.3) versus 6.1 days (4.0 to 9.6)).

Duration of ICU stay

Schweickert 2009 showed that early physiotherapy had no eIect on
duration of ICU stay (intervention median 5.9 days (IQR 4.5 to 13.2);
control median 7.9 days (IQR 6.1 to 12.9), P = 0.08).

Death at 30 and 180 days

Schweickert 2009 did not report 30- or 180-day mortality, but
hospital mortality was not significantly diIerent.

Serious adverse events

In one participant in the early physiotherapy group, desaturation <
80% occurred, which was related to the intervention (Schweickert

2009). From the available data, no significant severe adverse events
were observed from early physiotherapy (Analysis 3.2).

Electrical muscle stimulation versus control

Primary outcome measure: occurrence of CIP/CIM

Routsi 2010 reported the incidence of weakness in the 52
evaluable participants from among the 140 participants who were
randomised to EMS or control groups. The evaluable treatment
and control groups were not completely comparable. There were
considerable diIerences in the baseline characteristics and severity
of illness between the EMS and control groups (see Description of
studies). In this evaluable subset of participants, EMS had no eIect
on reducing the incidence of CIP/CIM (EMS 3/24, control 11/28; RR
0.32, 95% CI 0.10 to 1.01). AJer imputing worst values for the non-
evaluated 88 participants, as in Schweickert 2009, the eIect of EMS
on CIP/CIM was even less significant (RR 0.94, 95% CI 0.78 to 1.15)
(Figure 6).
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Figure 6.   Forest plot of comparison: 4 Elecrical magnetic stimulation versus control, outcome: 4.1 Occurrence of
CIP/CIM.

 
Secondary outcome measures

Duration of mechanical ventilation

EMS did not significantly reduce the duration of mechanical
ventilation (Routsi 2010).

Duration of ICU stay

Routsi 2010 also found no eIect for EMS on duration of ICU stay
(mean (range): EMS 14 days (4 to 62) ; control 22 days (2 to 92), P =
0.11).

Death at 30 and 180 days

Routsi 2010 reported no diIerence in ICU mortality with EMS, but
no data are available for mortality at 30 or 180 days.

Serious adverse events

The EMS trial provided no systematic evaluation of adverse events
(Routsi 2010).

D I S C U S S I O N

Our review includes five studies examining the eIects of four
interventions on the incidence of CIP/CIM, although only one of
these specifically evaluated this as a primary outcome (Routsi
2010). This is a very small number of trials. One of the main
reasons for this is that no clear and uniformly accepted diagnostic
criteria for CIP/CIM exist. The literature reports various evaluations
of peripheral or respiratory muscle force in the critically ill, such as
maximal inspiratory pressure, hand grip force, quadriceps strength
and thumb muscle force, but these lack a cut-oI value that
allows diIerentiation between weak and not weak individuals and
therefore do not allow diagnosis of CIP/CIM.  An arbitrary cut-oI
value is only described for the MRC sum-score, which is employed
by two of the included studies. Several other trials only evaluated
nitrogen metabolism and protein balance or muscle mass aJer
various interventions, without any clinical or electrophysiological

correlation. As these are not validated or accepted criteria for CIP/
CIM, we excluded these studies from this review.

Two included trials evaluated the eIect of IIT on CIP/CIM and
studied a total of 825 participants (see Summary of findings for
the main comparison). One trial was in a surgical ICU and one
trial in a medical ICU. Both were at the same single centre. IIT
significantly reduced our primary outcome measure, incidence
of CIP/CIM aJer at least one week in ICU (fixed-eIect model RR
0.65, 95% CI 0.55 to 0.77; random-eIects model RR 0.64, 95%
CI 0.44 to 0.94). Baseline characteristics, including severity of
illness, were well balanced between both treatment groups in this
screened long-stay population of medical patients. Although no
diIerences were identified in the surgical population, significantly
fewer participants treated with IIT reached the CIP/CIM screening
period because of the benefit of IIT in the first seven days.
Any potential bias induced hereby originated from earlier ICU
discharge in the intervention group and would be expected to
reduce rather than inflate the eIect. As ICU stay of at least
seven days cannot be predicted accurately on admission, we
also evaluated all outcome measures for the total population
randomised to receive IIT or CIT. As participants discharged or
dead within one week were not screened for CIP/CIM, we used
imputation of positive results for those participants who died
and negative results for those alive discharged. Meta-analysis
then showed a significant beneficial eIect in the total population
randomised (RR 0.70, 95% CI 0.60 to 0.82). As we imputed a large
amount of data, this analysis is prone to bias and imputation
of data does have limitations. Furthermore, there is significant
heterogeneity in the meta-analysis. This heterogeneity is due to
clinical diversity, as methodology was identical in both ICUs. We
performed a more conservative statistical analysis using a random-
eIects model to potentially take account of this heterogeneity.
This showed that the eIect was lost (RR 0.65, 95% CI 0.38 to
1.11). However, this type of analysis provides poor estimates of
the width of the distribution of intervention eIects when the
meta-analysis includes only two studies. In participants discharged
within one week, it is likely that no clinically relevant CIP/CIM
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was present. Participants who died within the first week clearly
had a bad outcome. The trialists made the diagnosis of CIP/CIM
using only the presence of abundant spontaneous electrical activity
on electrophysiological examination, which is observed either in
axonopathy or muscle necrosis, two important components of the
neuromuscular involvement in individuals with CIP/CIM. On the
other hand, some myopathies with muscle membrane inexcitability
may therefore have been missed. The issues identified here might
be addressed in future studies.

Concerning the secondary outcome measures, IIT had a beneficial
eIect on duration of mechanical ventilation, ICU stay and 180-
day mortality in the total population randomised, as well as in the
population screened for CIP/CIM, but had no beneficial eIect on
mortality at 30 days, which is likely to be too early to see the benefit
of this intervention. When the analysis was redone taking account
of heterogeneity, which was only present in the 180-day mortality
analysis, the reduction in 180-day mortality was confirmed in the
screened population but lost in the total population. Whether the
reduction in duration of mechanical ventilation is the result of
improved respiratory muscle force or other beneficial eIects of
IIT, such as reduced infections or reduced organ failure, remains
unclear.

Hypoglycaemia and at least two hypoglycaemic events occurred
more frequently in the IIT group than in the CIT group, in
the total population randomised as well as in the screened
participants. There was no increase in mortality within 24
hours of the hypoglycaemia. Although retrospective analysis from
these trials did not show any long-lasting detrimental eIects in
participants developing hypoglycaemia (Van den Berghe 2006b),
this complication is a major concern when implementing IIT in
ICU, as hypoglycaemia may not be easily recognised in critically ill
individuals, and profound and prolonged hypoglycaemia can cause
coma, epilepsy and neurological sequelae. Finally, pointing to the
potential harm to overall outcome, there have been calls for caution
to be used in implementing this treatment on a large scale but with
methods and protocols that are diIerent from the original setting
(Finfer 2009).

The third RCT compared corticosteroids with placebo in people
with persisting ARDS (see Summary of findings 2). The trial
randomised a total of 180 participants, but prospectively evaluated
only 92 for the incidence of CIP/CIM. The results found no
significant diIerence between steroids and placebo (RR 1.09, 95%
CI 0.53 to 2.26). We performed an intention-to-treat analysis by
imputing results for the first 88 participants, for which we used
the retrospective data from the analysis of these participants in
the trial. There was no significant diIerence in eIect between
steroid and placebo (RR 1.27, 95% CI 0.77 to 2.08). There were no
significant diIerences in 180-day mortality, infection, pneumonia
or glycaemia, although new episodes of shock occurred less
frequently with corticosteroids (RR 0.41, 95% CI 0.17 to 1.01).

The third intervention involved early physical therapy versus
control (Schweickert 2009) (see Summary of findings 3). Only 82 of
the 104 randomised participants were available for measurement
in ICU, being alive and co-operative. In this evaluated population,
the intervention significantly reduced the risk of CIP/CIM (RR 0.62,
95% CI 0.39 to 0.96). To obtain a full intention-to-treat analysis,
we imputed data and gave participants that were not evaluable
a score of zero on the MRC scale. The intention-to-treat analysis
did not confirm a significant treatment eIect (RR 0.81, 95% CI 0.60

to 1.08). The trial reported a significant shortening of duration of
mechanical ventilation with early physical therapy, but no eIect on
duration of ICU stay, hospital mortality, or severe adverse events.

Finally, one trial examined the eIects of daily EMS sessions on the
lower limbs on the incidence of CIP/CIM (see Summary of findings
4). Only 50 out of 140 participants were evaluable. In this subset
of screened participants, there was no reduction in the incidence
of CIP/CIM (RR 0.32, 95% CI 0.10 to 1.01). Importantly, there was
an imbalance between intervention and control participants in
this screened subset concerning severity of illness, diagnostic
categories and renal disease as a comorbidity, some of which
may have introduced significant bias in these results favouring the
intervention arm. Imputation of worst values for participants not
evaluable negated any significant treatment eIect (RR 0.94, 95% CI
0.78 to 1.15). As we imputed a large amount of data, this analysis is
also prone to substantial bias.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Moderate quality evidence from two large single-centre trials
shows a significant benefit of intensive insulin therapy on the
electrophysiological incidence of critical illness polyneuropathy/
critical illness myopathy in individuals in the intensive care unit for
at least one week, and on its most important associated problem of
prolonged mechanical ventilation (high quality evidence). Whether
this is the result of improved respiratory muscle force or other
beneficial eIects of intensive insulin therapy is unclear. No data
are available concerning the eIect of intensive insulin therapy on
clinical weakness of peripheral muscles and physical rehabilitation.
There were also significant reductions in prolonged intensive
care unit stay and mortality rate at 180 days. Hypoglycaemia
remains a major issue of concern and follow-up studies in which
the treatment has been implemented on a large scale call for
caution on overall outcome. In neither trial was critical illness
polyneuropathy/critical illness myopathy a primary outcome
measure and results derive from subgroup analysis, which may
limit conclusions. Moderate quality evidence from one multicentre
trial showed no evidence of an eIect of corticosteroid treatment
on critical illness polyneuropathy/critical illness myopathy, but
the number of new events of shock was reduced. Moderate
quality evidence from a single randomised controlled trial suggests
possible benefit in preventing critical illness polyneuropathy/
critical illness myopathy from an early rehabilitation strategy in the
evaluable participants with associated reduction in the duration
of mechanical ventilation. Finally, also very low quality evidence
from a single study suggests no benefit from electrical muscle
stimulation, and the data are prone to bias.

Implications for research

This review underlines the need for debate and consensus on
criteria to define critical illness polyneuropathy/critical illness
myopathy for the purpose of research. This is the first step towards
the design of future high quality randomised trials on the subject.
Several theoretically appealing interventions should be studied in
randomised controlled trials. More particularly, further evaluation
of early rehabilitation strategies and optimal timing during critical
illness should be pursued. Possible preventive eIects of electrical
muscle stimulation should be further examined. Additional
research is needed concerning the impact of hypoglycaemia in
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critically ill individuals and into strategies that minimise the risk for
hypoglycaemia when implementing strict glycaemic control.
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Characteristics of included studies [ordered by study ID]

 

Methods Parallel-group RCT

Participants 420 participants staying in a medical ICU for at least 7 days
Age (in years): intervention group 61 ± 15; control group 64 ± 16
Percentage male: intervention group 59%; control group 61%

Interventions Intensive insulin therapy (IIT) (insulin infusion titrated to achieve blood glucose levels 80 to 110 mg/
dL), vs conventional insulin therapy (CIT) (insulin started if blood glucose > 215 mg/dL, tapered if < 180
mg/dL)

Outcomes Incidence of CIP/CIM, based on presence of abundant spontaneous electrical activity on electrophysio-
logical examination and need for prolonged mechanical ventilation (at least 14 days of mechanical ven-
tilation)

Notes Single centre

Sponsors of the study were not involved in the study design, data collection, analysis or interpretation
of the data, or preparation of the manuscript

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Treatment assignment was performed with the use of sealed en-
velopes, stratified according to diagnostic category, and balanced with the use
of permuted blocks of 10."

Personal communication: "randomisation sequence was determined by shuf-
fling envelopes"

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "Treatment assignment was performed with the use of sealed en-
velopes"

Personal communication: numbered and opaque

Blinding (performance
bias and detection bias) 
Neuromuscular analysis

Low risk Quote: "ENMGs were evaluated by an independent investigator, unaware of
treatment allocation"

Comment: Review authors judge that blinding outcome assessor probably suf-
ficient to avoid bias

Blinding (performance
bias and detection bias) 
Mortality

Low risk Personal communication: Mortality was obtained by review of participant
charts by a study nurse, unaware of treatment allocation

Comment: Review authors judge that blinding of the outcome assessor was
probably sufficient to avoid bias

Blinding (performance
bias and detection bias) 
Other secondary out-
comes

Low risk Quote: "This study could not be blinded for obvious reasons. To minimize the
bias, however, clear guidelines were used for sedation, mechanical ventilation,
weaning, and patient discharge"

Hermans 2007 
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Comment: Review authors judge that the use of strict protocols was probably
sufficient to avoid a substantial risk of bias despite unblinding of treating per-
sonnel

Incomplete outcome data
(attrition bias) 
Neuromuscular outcome

High risk 605 and 595 participants were randomised respectively to CIT and IIT. 74 vs 69
died within 7 days, 379 vs 378 were discharged within 7 days, 14 vs 9 were ex-
cluded because of pre-existing neuromuscular disease or technical  problems

212 participants in the CIT group and 208 in the IIT group were analysed

Comment: Missing outcome data balanced across intervention groups, with
similar reasons for missing data across groups, and similar demographic data
and baseline characteristics in treatment groups

Review authors performed imputation for participants with missing data but
this involved a substantial amount of data

Incomplete outcome data
(attrition bias) 
Mortality

Low risk Figures are reported for the total population randomised

Incomplete outcome data
(attrition bias) 
Other secondary out-
comes

Low risk Data are reported for the total population randomised

Selective reporting (re-
porting bias)

Low risk Study protocol published at www.clinicaltrials.gov

The paper reports all the prespecified outcome measures

Diagnostic criteria for CIP/
CIM

Low risk Predetermined electrophysiological criteria were used

Other bias Low risk The study appears to be free of other sources of bias

Hermans 2007  (Continued)

 
 

Methods Quasi-RCT

Participants 140 participants with APACHE II > 13, second day in the ICU

Age (in years): intervention group 61 ± 19; control group 58 ± 18

Percentage male: intervention group 68%; control group 68%

Interventions Electrical muscle stimulation (EMS): daily sessions (vastus lateralis, vastus medialis, peroneus longus)
of both lower extremities starting from the second day after admission until ICU discharge. The EMS
consisted of bilaterally, biphasic symmetric impulses of 45 Hz, 400 μs pulse duration, 12 s on and 6 s oI,
intensity able to cause visible contractions, duration of session 55 min, including 5 min warm up and 5
min for recovery

Control: no sham stimulation

Outcomes MRC sum-score, weaning duration, ICU stay

Notes Single centre study

Routsi 2010 
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The research project was co-financed by the European Union (European Social Fund) and the Greek
Ministry of Development

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "patients with an odd number were assigned to the EMS group and pa-
tients with an even number were assigned to the control group"

Comment: non-random component in the sequence generation

Allocation concealment
(selection bias)

High risk Quote: "patients with an odd number were assigned to the EMS group and pa-
tients with an even number were assigned to the control group"

Blinding (performance
bias and detection bias) 
Neuromuscular analysis

High risk Quote: "MRC scale and handgrip investigators—though independent from
each other—were not blinded to patients’ group of randomization. Further-
more, ICU staI was not blinded due to absence of sham-EMS sessions, and this
may have affected cointerventions."

Comment: Unblinding could have introduced bias

Blinding (performance
bias and detection bias) 
Mortality

Low risk Quote: "The investigators were not blinded as to patients' allocation"

Comment: Review authors judge that unblinding probably did not induce bias
for mortality

Blinding (performance
bias and detection bias) 
Other secondary out-
comes

High risk Quote: "Furthermore, ICU staI was not blinded due to absence of sham-EMS
sessions, and this may have affected cointerventions"

Comment: Unblinding could have introduced bias

Incomplete outcome data
(attrition bias) 
Neuromuscular outcome

High risk 44/68 missing data in intervention and 44/72 in control group, reasons dif-
fer across groups (EMS vs control: 28 vs 22 deaths, 11 vs 22 impaired cogni-
tive state, 3 vs 0 prolonged use of NMBA, 2 vs 0 consent withdrawn, 2 vs 0 no
EMS session. Significantly higher APACHE II in remaining participants in the
EMS group (mean 16 ± 4) vs the control group (19 ± 5), MD -3.00, 95% CI -5.45 to
-0.55

Review authors performed imputation for missing values but this involved a
large proportion of participants

Incomplete outcome data
(attrition bias) 
Mortality

Low risk Quote: "Analysis of patient data was by intention to treat. Patients randomised
to the EMS group that did not finally receive any EMS session were not includ-
ed in the analysis."

Comment: 2 participants did not receive EMS. There was a small amount of
missing data. Review authors judged that this was not likely to have intro-
duced bias

Incomplete outcome data
(attrition bias) 
Other secondary out-
comes

Low risk Quote: "Analysis of patient data was by intention to treat. Patients randomised
to the EMS group that did not finally receive any EMS session were not includ-
ed in the analysis."

Comment: 2 participants did not receive EMS. There was a small amount of
missing data. Review authors judged that this was not likely to have intro-
duced bias

Selective reporting (re-
porting bias)

High risk Comment: The study protocol is available at www.clinicaltrials.gov. Secondary
outcome measures mentioned: a previous publication on only the first 26 par-
ticipants reported muscle mass preservation; there has been no report (yet) of

Routsi 2010  (Continued)
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muscle properties and structure. No report of formal assessment of severe ad-
verse events

Diagnostic criteria for CIP/
CIM

Low risk Quote: "Patients with an MRC sum score of less than 48 of 60 were diagnosed
with CIPNM"

Other bias Low risk The study appears to be free of other sources of bias

Routsi 2010  (Continued)

 
 

Methods Parallel-group RCT

Participants 104 sedated medical ICU patients ≥18 years who had been on mechanical ventilation for less than 72
hours, who were expected to continue for at least 24 hours, and who met criteria for baseline functional
independence

Exclusion criteria consisted of rapidly-developing neuromuscular disease, cardiopulmonary arrest, ir-
reversible disorders with 6-month mortality estimated at more than 50%, raised intracranial pressure,
absent limbs, or enrolment in another trial

Age (median, in years): intervention group 58; control group 54

Percentage male: intervention group 41%; control group 58%

Interventions Intervention: physical and occupational therapy co-ordinated with daily interruption of sedatives con-
sisting of: 1. passive range of motion for all limbs in unco-operative participants (10 repetitions in all
cardinal directions); 2. if interaction achieved, active assisted and active range of motion exercises in
the supine position; 3. advancement to bed mobility activities including transferring to upright sitting;
4. participation in activities of daily living (ADL) and exercise, encouraging increased independence
with functional tasks; and 5. transfer training, pre-gait exercise and walking. Control: daily interruption
of sedatives with physical and occupational therapy delivered as ordered

Outcomes Functional outcomes at hospital discharge, duration of delirium, ventilator-free days compared with
standard care

Notes 2-centre trial

Time to first physiotherapy session was 1.5 days in the intervention group and 7.4 days in the control
group; rates and timing of physical and occupational therapy in the control group may have been af-
fected and the control group could have been at disadvantage

No funding

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated, permuted block randomisation scheme was
used"

Allocation concealment
(selection bias)

Low risk Quote: "consecutively numbered, sealed, opaque envelope"

Blinding (performance
bias and detection bias) 
Neuromuscular analysis

Low risk Quote: "the nature of the intervention prevented any blinding from patients
and health care providers", "therapists who undertook patient assessments
were blinded to treatment assignment"

Schweickert 2009 
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Comment: Review authors judge that blinding outcome assessors is probably
sufficient to avoid substantial risk of bias

Blinding (performance
bias and detection bias) 
Mortality

Low risk Comment: Review authors judge that blinding outcome assessors was suffi-
cient to avoid bias

Blinding (performance
bias and detection bias) 
Other secondary out-
comes

High risk Quote: "the nature of the intervention prevented any blinding from patients
and health care providers"… "Decisions about sedation initiation or reinitia-
tion, extubation, and ICU and hospital discharge were not controlled by proto-
col and might have been affected by knowledge of the intervention"

Comment: Unblinding could have introduced bias

Incomplete outcome data
(attrition bias) 
Neuromuscular outcome

High risk Quote: "Data were analysed by an intention-to-treat approach. Patients
who died during the study were assigned scores of 0 for ventilator-free days,
strength testing (MRC examination and hand grip), ADL total, walk distance,
and Barthel Index score."

Comment: adequate imputation performed but this involved a substantial
amount of data

Incomplete outcome data
(attrition bias) 
Mortality

Low risk Quote: "All 104 patients were included in the analysis"

Incomplete outcome data
(attrition bias) 
Other secondary out-
comes

Low risk Quote: "All 104 patients were included in the analysis"

Selective reporting (re-
porting bias)

Low risk Comment: The study protocol is available at www.clinicaltrials.gov. The paper
reports all the prespecified outcome measures

Diagnostic criteria for CIP/
CIM

Low risk Comment: MRC sum-score was used

Other bias Low risk The study appears to be free of other bias

Schweickert 2009  (Continued)

 
 

Methods Parallel-group RCT

Participants 180 patients with ARDS of at least 7 days' duration and maximal 28 days' duration
Age (in years): intervention group 49 ± 19; control group 49 ± 17
Percentage male: intervention group 40%; control group 58%

Interventions Intravenous methylprednisolone sodium succinate diluted in 50 mL of 5% dextrose in water (single
dose of 2 mg/kg, followed by 0.5 mg/kg 4 times a days for 14 days, followed by 0.5 mg/kg twice daily for
7 days, then tapering the dose) vs placebo

Outcomes Primary end point was mortality at 60 days

Secondary end points were ventilator-free days at 28 days, organ failure-free days at 28 days and mark-
ers of inflammation and fibroproliferation at 7 days
In the first 88 participants the safety board ordered retrospective evaluation of neuromyopathy. The
trial evaluated the next 92 participants prospectively

Steinberg 2006 
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Notes Multicentre
An adequate intention-to-treat analysis was performed concerning the primary outcome of the tri-
al Concerning CIP/CIM, however, data were only prospectively available in 92/180 participants. Also,
there is inconsistency in the paper concerning this exact number: the paper mentions both 91 and 92 as
numbers of participants: 92 once in the text vs 91 in a table

Funding not mentioned

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from published protocol (www.ARDSnet.org): "The randomization
scheme to be employed will consist of centralized, random permuted block-
s."…"and an assignment will be made by computer-generated randomisa-
tions"

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote from published protocol (www.ARDSnet.org): "the data coordinating
center will be called and an assignment will be made by computer-generated
randomisations"

Comment: probably done

Blinding (performance
bias and detection bias) 
Neuromuscular analysis

Low risk Quote: "To receive either methylprednisolone or placebo in a double blind
fashion"

Quote from published protocol (www.ARDSnet.org): "the pharmacy which will
dispense either MPSS or placebo based on a predetermined list in the research
pharmacy"

Comment: probably done

Blinding (performance
bias and detection bias) 
Mortality

Low risk Quote: "To receive either methylprednisolone or placebo in a double blind
fashion"

Quote from published protocol (www.ARDSnet.org): "the pharmacy which will
dispense either MPSS or placebo based on a predetermined list in the research
pharmacy"

Comment: probably done

Blinding (performance
bias and detection bias) 
Other secondary out-
comes

Low risk Quote: "To receive either methylprednisolone or placebo in a double blind
fashion"

Quote from published protocol (www.ARDSnet.org): "the pharmacy which will
dispense either MPSS or placebo based on a predetermined list in the research
pharmacy"

Comment: probably done

Incomplete outcome data
(attrition bias) 
Neuromuscular outcome

High risk Data on neuromuscular outcome missing in the first 88 of a total of 180 partici-
pants, obtained by retrospective chart review

Comment: reason for missing data probably not related to outcome. Review
authors performed imputation for missing data but this involved a substantial
amount of data

Incomplete outcome data
(attrition bias) 

Low risk Data are reported on the total population randomised

Steinberg 2006  (Continued)
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Mortality

Incomplete outcome data
(attrition bias) 
Other secondary out-
comes

Low risk Data are reported on the total population randomised

Selective reporting (re-
porting bias)

Low risk Study protocol published at www.ARDSnet.org

All the prespecified outcome measures are reported in the paper

Diagnostic criteria for CIP/
CIM

High risk Quote: "we reviewed the charts of all 88 previously enrolled patients for ev-
idence of neuromyopathy, as defined by the presence of the terms “myopa-
thy”, “myositis”, “neuropathy”, “paralysis” or “unexplained weakness” in the
medical record. The charts of the final 91 patients who were enrolled were re-
viewed prospectively."

Comment: no predefined criteria used

Other bias Low risk The study appears to be free of other sources of bias

Steinberg 2006  (Continued)

 
 

Methods Parallel-group RCT

Participants 405 patients staying in a surgical ICU for at least 7 days
Age (in years): intervention group 61 ± 15; control group 61 ± 16
Percentage male: intervention group 67%; control group 69%

Interventions Intensive insulin therapy (IIT) (insulin infusion was titrated to achieve blood glucose levels of 80 to 110
mg/dL) versus conventional insulin therapy (CIT) (insulin was started if blood glucose > 215 mg/dL, ta-
pered if < 180 mg/dL)

Outcomes Incidence of CIP/CIM, based on presence of abundant spontaneous electrical activity on electrophysi-
ological examination, and need for prolonged mechanical ventilation (at least 14 days of mechanical
ventilation)

Notes Single centre
The figures reported (Van den Berghe 2005) are slightly different from those reported in the original tri-
al (Van den Berghe 2001) due to a statistical error in the query in the latter report, where only patients
staying more than 7 days were considered instead of at least 7 days

Sponsors of the study were not involved in the study design, data collection, analysis or interpretation
of the data, or preparation of the manuscript

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Prospective, randomised controlled study…use of sealed envelopes,
with stratification according to the type of critical illness"

Personal communication: "shuffling of envelopes"

Allocation concealment
(selection bias)

Low risk Quote: "…use of sealed envelopes"

Personal communication:

Van den Berghe 2005 
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"Opaque and sequentially numbered"

Blinding (performance
bias and detection bias) 
Neuromuscular analysis

Low risk Quote: "The presence of CIPNP was prospectively assessed electromyographi-
cally in all 405 patients still in ICU on day 7 and subsequently on a weekly basis
by one electrophysiologist who was unaware of the treatment assignments"

Comment: review authors judge that blinding of the outcome assessor was
probably sufficient to avoid bias

Blinding (performance
bias and detection bias) 
Mortality

Low risk Personal communication: mortality was obtained by review of participant
charts by a study nurse, unaware of treatment allocation

Comment: review authors judge that blinding of the outcome assessor was
probably sufficient to avoid bias

Blinding (performance
bias and detection bias) 
Other secondary out-
comes

Low risk Quote: "it was not feasible to conduct the study in a strictly blinded fashion
because adjustment of the insulin dose requires blood glucose monitoring.
To minimize bias, we assigned responsibility for adjustment of the insulin
dose to a team of nurses and to a study physician who was not taking part in
clinical decisions, with strictly blinded analysis of important outcome mea-
sures."…"To minimize the possibility of bias caused by delays in the transfer
of patients to a regular ward because of the unavailability of beds, patients
were considered to be ready for discharge when they no longer needed vi-
tal-organ support and were receiving at least two thirds of their caloric intake
by the normal enteral route"

Comment: Review authors judge that the use of strict protocols and definition
of ready for discharge was probably sufficient to avoid substantial risk of bias
despite unblinding of treating personnel

Incomplete outcome data
(attrition bias) 
Neuromuscular outcome

High risk 224/783 CIT group participants and 181/765 IIT group participants had neuro-
muscular data available

Comment: review authors judge that the reason for missing data is unlikely to
be related to outcome and review authors also performed imputation for par-
ticipants with missing data but this involved substantial amount of data

Incomplete outcome data
(attrition bias) 
Mortality

Low risk Figures are reported for the total population randomised

Incomplete outcome data
(attrition bias) 
Other secondary out-
comes

Low risk Data are reported for the total population randomised

Selective reporting (re-
porting bias)

Low risk The published report includes all expected outcomes and the approved study
protocol is available

Diagnostic criteria for CIP/
CIM

Low risk Predetermined electrophysiological criteria were used

Other bias High risk The study was prematurely stopped due to a formal stopping rule (Lan and
Demets)

Comment: prematurely stopped for a data-dependent reason

Van den Berghe 2005  (Continued)

ARDS: adult respiratory distress syndrome; CIP/CIM: critical illness polyneuropathy/critical illness myopathy; COPD: chronic obstructive
pulmonary disease; ICU: intensive care unit; MRC: medical research council; RCT: randomised controlled trial; vs: versus
 

Interventions for preventing critical illness polyneuropathy and critical illness myopathy (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

36



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Berard 2000 No clinical or electrophysiological data on weakness, outcome is plasma amino acid concentration
and nitrogen balance

Bouletreau 1985 No clinical or electrophysiological data on weakness, outcome is nitrogen balance, excretion of
creatinine, 3-methyl histidine

Brunello 2010 No interventional study

Burtin 2009 No incidence of CIP or CIM as a primary or secondary outcome

Caruso 2005 No incidence of CIP or CIM as a primary or secondary outcome

Chen 2011 No incidence of CIP or CIM as a primary or secondary outcome

Chiang 2006 No ICU patients

Fläring 2003 No ICU patients, no clinical or electrophysiological data on weakness, outcome is muscle glu-
tathione, free amino acids in skeletal muscle and plasma

Gamrin 2000 No clinical or electrophysiological data on weakness, outcome is muscle protein synthesis and
muscle free glutamine

Gerovasili 2009a No clinical or electrophysiological data on weakness

Gerovasili 2009b No clinical or electrophysiological data on weakness, only reports on muscle mass measured with
ultrasonography

Gruther 2010 No clinical or electrophysiological data on weakness, only reports on muscle mass measured with
ultrasonography

Hsieh 2006 Not an RCT

Huang 2006 No clinical or electrophysiological data on weakness

Johnson 1993 No incidence of CIP or CIM as a primary or secondary outcome

Karatzanos 2012 Subanalysis of data from Routsi 2010

Knox 1996 Not an RCT

Kuhls 2007 No clinical nor electrophysiological data on weakness, outcome measure is nitrogen balance.

Martin 2011 No incidence of CIP or CIM as a primary or secondary outcome

Menadue 2010 No ICU patients: ambulatory respiratory medicine ward

Miao 2005 No clinical nor electrophysiological data on weakness

Mohr 1997 Retrospective analysis

Morris 2008 No incidence of CIP or CIM as a primary or secondary outcome

Nava 1998 No incidence of CIP or CIM as a primary or secondary outcome
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Study Reason for exclusion

Paddon-Jones 2005 No ICU patients, healthy volunteers

Pichard 1996 No incidence of CIP or CIM as a primary or secondary outcome

Porta 2005 No ICU patients, concerns rehabilitation after extubation in intermediate care unit

Rodriguez 2012 Randomisation of body parts

Routsi 2009 No incidence of CIP or CIM as a primary or secondary outcome

Salisbury 2010 Studies rehabilitation strategies during the ward phase after critical illness

Sevette 2005 No ICU patients, no clinical or electrophysiological data on weakness

Takala 1999a No incidence of CIP or CIM as a primary or secondary outcome

Takala 1999b No incidence of CIP or CIM as a primary or secondary outcome

Tjäder 2004 No clinical or electrophysiological data on weakness, outcome is plasma glutamine levels, free
muscle glutamine, muscle protein synthesis and content

Toledo 2007 No ICU patients

Vivodtzev 2006 No ICU patients

Watters 1997 No incidence of CIP or CIM as a primary or secondary outcome

Zanotti 2003 No incidence of CIP or CIM as a primary or secondary outcome

Ziegler 1990 Not an RCT, no clinical or electrophysiological data on weakness

CIM: critical illness myopathy; CIP: critical illness polyneuropathy; ICU: intensive care unit; RCT: randomised controlled trial
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods RCT

Participants N = 80 critically ill patients, mechanically ventilated for at least 24 hours

Interventions Once daily electrical muscle stimulation vs conventional treatment

Outcomes Muscle weakness evaluated using MRC sum-score and duration of mechanical ventilation

Notes Single centre, abstract

Abokhabar 2012 

 
 

Methods RCT

Alia 2011 

Interventions for preventing critical illness polyneuropathy and critical illness myopathy (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

38



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Participants N = 83 patients with chronic obstructive pulmonary disease exacerbation receiving invasive or non-
invasive ventilation

Interventions Corticosteroids 0.5 mg/kg 4 times daily, tempered over 10 days vs placebo

Outcomes Duration of mechanical ventilation, length of ICU stay, need for intubation, weakness assessed with
MRC sum-score

Notes Multicentre

Alia 2011  (Continued)

 
 

Methods RCT

Participants N = 38 critically ill patients with multiple organ failure, systemic inflammatory response syndrome
or sepsis and early signs of critical illness polyneuromyopathy

Interventions IgM-enriched intravenous immunoglobulin vs placebo for 3 days

Outcomes Electrophysiology and muscle biopsy

Notes Terminated early due to futility

Brunner 2013 

 
 

Methods Randomised body parts

Participants Mechanical ventilation for at least 48 hours

Interventions 60 minutes of daily quadriceps electrical stimulation of one leg in a randomised order for 10 days,
then of both legs for 10 additional days

Outcomes Non-voluntary (magnetic stimulation of the legs) and voluntary muscle strength (MRC sum-scores
and handgrip strength)

Notes Abstract

Devost 2011 

 
 

Methods RCT

Participants N = 100 critically ill patients with acute respiratory failure

Interventions Early rehabilitation vs usual care

Outcomes Grip strength, duration of mechanical ventilation, ICU stay, hospital stay, death

Notes Abstract

Files 2013 
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Methods RCT

Participants N = 172 critically ill patients with APACHE II ≥ 13

Interventions Daily electrical muscle stimulation in upper and lower limbs vs control

Outcomes Strength at awakening based on MRC sum-score handgrip dynamometry

Notes Abstract

Gerovasili 2011 

 
 

Methods RCT

Participants N = 600 awake, co-operative patients from medical and surgical ICU. In ICU for at least 8 days

Interventions Early (within 48 hours) vs late (not in the first week) supplementation of deficient enteral feeding

Outcomes Incidence of weakness based on MRC sums score, autophagosome formation on muscle biopsy

Notes Subanalysis of EPaNIC trial

Hermans 2013 

 
 

Methods RCT

Participants N = 40 medical ICU patients

Interventions Euglycemic control (80 to 140 mg/dL) vs conventional control (180 to 200 mg/dL)

Outcomes Duration of mechanical ventilation and the presence of critical illness polyneuropathy

Notes None

Mikaeili 2012 

 
 

Methods RCT

Participants N = 40 critically ill patients after cardiac or thoracic surgery

Interventions Daily (2 x 30 minutes) electrical stimulation of the quadriceps femoris, until ICU discharge or up to
14 days vs sham stimulation

Outcomes Nitrogen excretion, muscle strength with MRC sum score

Notes Abstract

Paternostro-Sluga 2012 

MRC: Medical Research Council; RCT: randomised controlled trial
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Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Use of neuromuscular electrostimulation (NMES) for treatment or prevention of ICU-associated
weakness

Methods RCT

Participants Medical ICU, mechanically ventilated for at least 1 day, expected to stay in ICU for at least an addi-
tional 2 days

Interventions Electrical stimulation of the quadriceps, tibialis anterior, gastrocnemius muscles for 60 minutes a
day vs sham stimulation

Outcomes Lower extremity muscle strength at hospital discharge

Starting date June 2008

Contact information Michelle Kho, Johns Hopkins Hospital, michelle.kho@jhmi.edu

Notes NCT00709124. Protocol

Kho 2012 

 
 

Trial name or title eRiCC trial: Early rehabilitation in critical care

Methods RCT

Participants N = 80, sepsis or severe sepsis, expected duration of mechanical ventilation of ≥ 48 hours and re-
maining in the ICU ≥ 4 days

Interventions Control: usual mobilisation for up to 15 minutes, but no longer

Intervention: usual mobilisation and within 72 hours from admission, electrical muscle stimulation
assisted supine cycling in one leg, and cycling with sham stimulation on the other leg. The cycling
will take place for 1 hour, 5 days a week

Outcomes Muscle mass, muscle strength, physical function

Starting date 30 May 2012

Contact information Selina Parry, The University of Melbourne School of Physiotherapy Level 1 200 Berkeley Street
Parkville VIC 3010 Australia. selina.parry@austin.org.au

Notes ACTRN12612000528853. Single centre, protocol

Parry 2012 

ICU: intensive care unit; RCT: randomised controlled trial
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Comparison 1.   Intensive insulin therapy (IIT) versus conventional insulin therapy (CIT)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Occurrence of CIP/CIM 2   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

1.1 In total population randomised 2 2748 Risk Ratio (M-H, Fixed, 95%
CI)

0.70 [0.60, 0.82]

1.2 In screened population 2 825 Risk Ratio (M-H, Fixed, 95%
CI)

0.65 [0.55, 0.77]

2 Duration of mechanical ventilation 2   Mean Difference (IV, Fixed,
95% CI)

Subtotals only

2.1 In total population randomised 2 2748 Mean Difference (IV, Fixed,
95% CI)

-2.0 [-2.93, -1.07]

2.2 In screened population 2 825 Mean Difference (IV, Fixed,
95% CI)

-2.55 [-4.60, -0.51]

2.3 In ICU survivors, in total popula-
tion randomised

2 2344 Mean Difference (IV, Fixed,
95% CI)

-1.0 [-1.86, -0.14]

2.4 In ICU survivors, in screened pop-
ulation

2 594 Mean Difference (IV, Fixed,
95% CI)

-1.59 [-3.98, 0.79]

3 Duration of ICU stay 2   Mean Difference (IV, Fixed,
95% CI)

Subtotals only

3.1 In total population randomised 2 2748 Mean Difference (IV, Fixed,
95% CI)

-1.48 [-2.43, -0.54]

3.2 In screened population 2 825 Mean Difference (IV, Fixed,
95% CI)

-3.59 [-5.70, -1.48]

3.3 In ICU survivors, in total popula-
tion randomised

2 2344 Mean Difference (IV, Fixed,
95% CI)

-1.0 [-1.90, -0.10]

3.4 In ICU survivors of screened popu-
lation

2 594 Mean Difference (IV, Fixed,
95% CI)

-2.18 [-4.66, 0.30]

4 Death 2   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

4.1 At 30 days after ICU admission, in
total population randomised

2 2748 Risk Ratio (M-H, Fixed, 95%
CI)

0.94 [0.80, 1.10]

4.2 At 30 days after ICU admission, in
screened population

2 825 Risk Ratio (M-H, Fixed, 95%
CI)

0.91 [0.72, 1.14]

4.3 At 180 days after ICU admission, in
total population randomised

2 2748 Risk Ratio (M-H, Fixed, 95%
CI)

0.87 [0.76, 1.00]

4.4 At 180 days after ICU admission, in
screened population

2 825 Risk Ratio (M-H, Fixed, 95%
CI)

0.78 [0.66, 0.93]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5 Serious adverse events 2   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

5.1 In total population randomised -
hypoglycaemia

2 2748 Risk Ratio (M-H, Fixed, 95%
CI)

6.27 [4.15, 9.49]

5.2 In total population randomised-
at least 2 hypoglycaemic events

2 2748 Risk Ratio (M-H, Fixed, 95%
CI)

5.83 [2.37, 14.35]

5.3 In total population randomised -
death within 24 hours of last hypogly-
caemic event

2 2748 Risk Ratio (M-H, Fixed, 95%
CI)

1.60 [0.42, 6.10]

5.4 In screened population - hypogly-
caemia

2 825 Risk Ratio (M-H, Fixed, 95%
CI)

6.93 [4.10, 11.72]

5.5 In screened population - at least 2
hypoglycaemic events

2 825 Risk Ratio (M-H, Fixed, 95%
CI)

8.04 [2.69, 24.03]

5.6 In screened population - death
within 24 hours of last hypoglycaemic
event

2 825 Risk Ratio (M-H, Fixed, 95%
CI)

0.77 [0.15, 3.96]

 
 

Analysis 1.1.   Comparison 1 Intensive insulin therapy (IIT) versus
conventional insulin therapy (CIT), Outcome 1 Occurrence of CIP/CIM.

Study or subgroup Favours IIT CIT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.1.1 In total population randomised  

Hermans 2007 150/595 181/605 59.23% 0.84[0.7,1.01]

Van den Berghe 2005 60/765 125/783 40.77% 0.49[0.37,0.66]

Subtotal (95% CI) 1360 1388 100% 0.7[0.6,0.82]

Total events: 210 (Favours IIT), 306 (CIT)  

Heterogeneity: Tau2=0; Chi2=9.57, df=1(P=0); I2=89.55%  

Test for overall effect: Z=4.5(P<0.0001)  

   

1.1.2 In screened population  

Hermans 2007 81/208 107/212 52.1% 0.77[0.62,0.96]

Van den Berghe 2005 46/181 109/224 47.9% 0.52[0.39,0.69]

Subtotal (95% CI) 389 436 100% 0.65[0.55,0.77]

Total events: 127 (Favours IIT), 216 (CIT)  

Heterogeneity: Tau2=0; Chi2=4.68, df=1(P=0.03); I2=78.64%  

Test for overall effect: Z=4.86(P<0.0001)  

Favours IIT 50.2 20.5 1 Favours CIT
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Analysis 1.2.   Comparison 1 Intensive insulin therapy (IIT) versus conventional
insulin therapy (CIT), Outcome 2 Duration of mechanical ventilation.

Study or subgroup IIT CIT Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 In total population randomised  

Hermans 2007 595 9 (10) 605 11 (13) 49.89% -2[-3.31,-0.69]

Van den Berghe 2005 765 5 (11) 783 7 (15) 50.11% -2[-3.31,-0.69]

Subtotal *** 1360   1388   100% -2[-2.93,-1.07]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=4.23(P<0.0001)  

   

1.2.2 In screened population  

Hermans 2007 208 16 (11) 212 18 (14) 72.4% -2[-4.41,0.41]

Van den Berghe 2005 181 16 (18) 224 20 (22) 27.6% -4[-7.9,-0.1]

Subtotal *** 389   436   100% -2.55[-4.6,-0.51]

Heterogeneity: Tau2=0; Chi2=0.73, df=1(P=0.39); I2=0%  

Test for overall effect: Z=2.44(P=0.01)  

   

1.2.3 In ICU survivors, in total population randomised  

Hermans 2007 451 8 (9) 443 9 (11) 42.44% -1[-2.32,0.32]

Van den Berghe 2005 730 5 (11) 720 6 (11) 57.56% -1[-2.13,0.13]

Subtotal *** 1181   1163   100% -1[-1.86,-0.14]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=2.28(P=0.02)  

   

1.2.4 In ICU survivors, in screened population  

Hermans 2007 133 15 (11) 124 17 (14) 59.49% -2[-5.09,1.09]

Van den Berghe 2005 160 16 (18) 177 17 (17) 40.51% -1[-4.75,2.75]

Subtotal *** 293   301   100% -1.59[-3.98,0.79]

Heterogeneity: Tau2=0; Chi2=0.16, df=1(P=0.69); I2=0%  

Test for overall effect: Z=1.31(P=0.19)  

Test for subgroup differences: Chi2=3.4, df=1 (P=0.33), I2=11.83%  

Favours IIT 105-10 -5 0 Favours CIT

 
 

Analysis 1.3.   Comparison 1 Intensive insulin therapy (IIT) versus
conventional insulin therapy (CIT), Outcome 3 Duration of ICU stay.

Study or subgroup IIT CIT Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 In total population randomised  

Hermans 2007 595 9 (10) 605 10 (13) 51.53% -1[-2.31,0.31]

Van den Berghe 2005 765 7 (12) 783 9 (15) 48.47% -2[-3.35,-0.65]

Subtotal *** 1360   1388   100% -1.48[-2.43,-0.54]

Heterogeneity: Tau2=0; Chi2=1.08, df=1(P=0.3); I2=7.7%  

Test for overall effect: Z=3.09(P=0)  

   

1.3.2 In screened population  

Hermans 2007 208 18 (11) 212 21 (15) 70.63% -3[-5.51,-0.49]

Van den Berghe 2005 181 19 (18) 224 24 (22) 29.37% -5[-8.9,-1.1]

Subtotal *** 389   436   100% -3.59[-5.7,-1.48]

Heterogeneity: Tau2=0; Chi2=0.72, df=1(P=0.4); I2=0%  

Favours IIT 105-10 -5 0 Favours CIT
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Study or subgroup IIT CIT Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=3.33(P=0)  

   

1.3.3 In ICU survivors, in total population randomised  

Hermans 2007 451 7 (9) 443 8 (11) 46.74% -1[-2.32,0.32]

Van den Berghe 2005 730 6 (12) 720 7 (12) 53.26% -1[-2.24,0.24]

Subtotal *** 1181   1163   100% -1[-1.9,-0.1]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=2.17(P=0.03)  

   

1.3.4 In ICU survivors of screened population  

Hermans 2007 133 18 (11) 124 21 (15) 58.81% -3[-6.24,0.24]

Van den Berghe 2005 160 20 (19) 177 21 (17) 41.19% -1[-4.87,2.87]

Subtotal *** 293   301   100% -2.18[-4.66,0.3]

Heterogeneity: Tau2=0; Chi2=0.6, df=1(P=0.44); I2=0%  

Test for overall effect: Z=1.72(P=0.09)  

Test for subgroup differences: Chi2=5.22, df=1 (P=0.16), I2=42.51%  

Favours IIT 105-10 -5 0 Favours CIT

 
 

Analysis 1.4.   Comparison 1 Intensive insulin therapy (IIT)
versus conventional insulin therapy (CIT), Outcome 4 Death.

Study or subgroup Favours IIT CIT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.4.1 At 30 days after ICU admission, in total population randomised  

Hermans 2007 179/595 185/605 78.12% 0.98[0.83,1.17]

Van den Berghe 2005 40/765 52/783 21.88% 0.79[0.53,1.17]

Subtotal (95% CI) 1360 1388 100% 0.94[0.8,1.1]

Total events: 219 (Favours IIT), 237 (CIT)  

Heterogeneity: Tau2=0; Chi2=1.02, df=1(P=0.31); I2=2.21%  

Test for overall effect: Z=0.75(P=0.45)  

   

1.4.2 At 30 days after ICU admission, in screened population  

Hermans 2007 73/208 81/212 74.33% 0.92[0.71,1.18]

Van den Berghe 2005 22/181 31/224 25.67% 0.88[0.53,1.46]

Subtotal (95% CI) 389 436 100% 0.91[0.72,1.14]

Total events: 95 (Favours IIT), 112 (CIT)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.88); I2=0%  

Test for overall effect: Z=0.83(P=0.41)  

   

1.4.3 At 180 days after ICU admission, in total population randomised  

Hermans 2007 220/595 238/605 74.21% 0.94[0.81,1.09]

Van den Berghe 2005 55/765 83/783 25.79% 0.68[0.49,0.94]

Subtotal (95% CI) 1360 1388 100% 0.87[0.76,1]

Total events: 275 (Favours IIT), 321 (CIT)  

Heterogeneity: Tau2=0; Chi2=3.32, df=1(P=0.07); I2=69.86%  

Test for overall effect: Z=2(P=0.05)  

   

1.4.4 At 180 days after ICU admission, in screened population  

Hermans 2007 95/208 115/212 67.99% 0.84[0.69,1.02]

Favours IIT 100.1 50.2 20.5 1 Favours CIT
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Study or subgroup Favours IIT CIT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Van den Berghe 2005 32/181 60/224 32.01% 0.66[0.45,0.97]

Subtotal (95% CI) 389 436 100% 0.78[0.66,0.93]

Total events: 127 (Favours IIT), 175 (CIT)  

Heterogeneity: Tau2=0; Chi2=1.31, df=1(P=0.25); I2=23.54%  

Test for overall effect: Z=2.71(P=0.01)  

Favours IIT 100.1 50.2 20.5 1 Favours CIT

 
 

Analysis 1.5.   Comparison 1 Intensive insulin therapy (IIT) versus
conventional insulin therapy (CIT), Outcome 5 Serious adverse events.

Study or subgroup Favours IIT CIT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.1 In total population randomised - hypoglycaemia  

Hermans 2007 111/595 19/605 76.06% 5.94[3.7,9.54]

Van den Berghe 2005 43/765 6/783 23.94% 7.34[3.14,17.13]

Subtotal (95% CI) 1360 1388 100% 6.27[4.15,9.49]

Total events: 154 (Favours IIT), 25 (CIT)  

Heterogeneity: Tau2=0; Chi2=0.18, df=1(P=0.67); I2=0%  

Test for overall effect: Z=8.71(P<0.0001)  

   

1.5.2 In total population randomised- at least 2 hypoglycaemic events  

Hermans 2007 23/595 5/605 90.94% 4.68[1.79,12.22]

Van den Berghe 2005 8/765 0/783 9.06% 17.4[1.01,300.93]

Subtotal (95% CI) 1360 1388 100% 5.83[2.37,14.35]

Total events: 31 (Favours IIT), 5 (CIT)  

Heterogeneity: Tau2=0; Chi2=0.77, df=1(P=0.38); I2=0%  

Test for overall effect: Z=3.84(P=0)  

   

1.5.3 In total population randomised - death within 24 hours of last hy-
poglycaemic event

 

Hermans 2007 5/595 2/605 57.22% 2.54[0.5,13.05]

Van den Berghe 2005 0/765 1/783 42.78% 0.34[0.01,8.36]

Subtotal (95% CI) 1360 1388 100% 1.6[0.42,6.1]

Total events: 5 (Favours IIT), 3 (CIT)  

Heterogeneity: Tau2=0; Chi2=1.2, df=1(P=0.27); I2=16.95%  

Test for overall effect: Z=0.69(P=0.49)  

   

1.5.4 In screened population - hypoglycaemia  

Hermans 2007 68/208 10/212 68.91% 6.93[3.67,13.09]

Van den Berghe 2005 28/181 5/224 31.09% 6.93[2.73,17.59]

Subtotal (95% CI) 389 436 100% 6.93[4.1,11.72]

Total events: 96 (Favours IIT), 15 (CIT)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=7.23(P<0.0001)  

   

1.5.5 In screened population - at least 2 hypoglycaemic events  

Hermans 2007 19/208 3/212 86.92% 6.46[1.94,21.49]

Van den Berghe 2005 7/181 0/224 13.08% 18.54[1.07,322.52]

Subtotal (95% CI) 389 436 100% 8.04[2.69,24.03]

Favours IIT 10000.001 100.1 1 Favours CIT
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Study or subgroup Favours IIT CIT Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 26 (Favours IIT), 3 (CIT)  

Heterogeneity: Tau2=0; Chi2=0.46, df=1(P=0.5); I2=0%  

Test for overall effect: Z=3.73(P=0)  

   

1.5.6 In screened population - death within 24 hours of last hypogly-
caemic event

 

Hermans 2007 2/208 2/212 59.62% 1.02[0.14,7.17]

Van den Berghe 2005 0/181 1/224 40.38% 0.41[0.02,10.06]

Subtotal (95% CI) 389 436 100% 0.77[0.15,3.96]

Total events: 2 (Favours IIT), 3 (CIT)  

Heterogeneity: Tau2=0; Chi2=0.23, df=1(P=0.63); I2=0%  

Test for overall effect: Z=0.31(P=0.76)  

Favours IIT 10000.001 100.1 1 Favours CIT

 
 

Comparison 2.   Corticosteroids versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Occurrence of CIP/CIM 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 In total population ran-
domised

1 180 Risk Ratio (M-H, Fixed, 95% CI) 1.27 [0.77, 2.08]

1.2 In screened population 1 92 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [0.53, 2.26]

2 Death 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Death at 180 days in total
population randomised

1 180 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.64, 1.52]

3 Serious adverse events (di-
chotomous data)

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 Shock 1 180 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.17, 1.01]

3.2 Serious infection 1 180 Risk Ratio (M-H, Fixed, 95% CI) 0.68 [0.42, 1.11]

3.3 Suspected or probable
pneumonia

1 180 Risk Ratio (M-H, Fixed, 95% CI) 0.44 [0.18, 1.09]

4 Serious adverse events (con-
tinuous data)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

4.1 Blood glucose (mg/dL) on
day 7

1 180 Mean Difference (IV, Fixed, 95% CI) 15.0 [-3.41, 33.41]
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Analysis 2.1.   Comparison 2 Corticosteroids versus placebo, Outcome 1 Occurrence of CIP/CIM.

Study or subgroup Favours cor-
ticosteroids

Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.1.1 In total population randomised  

Steinberg 2006 26/89 21/91 100% 1.27[0.77,2.08]

Subtotal (95% CI) 89 91 100% 1.27[0.77,2.08]

Total events: 26 (Favours corticosteroids), 21 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.93(P=0.35)  

   

2.1.2 In screened population  

Steinberg 2006 11/44 11/48 100% 1.09[0.53,2.26]

Subtotal (95% CI) 44 48 100% 1.09[0.53,2.26]

Total events: 11 (Favours corticosteroids), 11 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.23(P=0.81)  

Favours corticosteroids 50.2 20.5 1 Favours placebo

 
 

Analysis 2.2.   Comparison 2 Corticosteroids versus placebo, Outcome 2 Death.

Study or subgroup Favours cor-
ticosteroids

placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 Death at 180 days in total population randomised  

Steinberg 2006 28/89 29/91 100% 0.99[0.64,1.52]

Subtotal (95% CI) 89 91 100% 0.99[0.64,1.52]

Total events: 28 (Favours corticosteroids), 29 (placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.06(P=0.95)  

Favours corticosteroids 100.1 50.2 20.5 1 Favours placebo

 
 

Analysis 2.3.   Comparison 2 Corticosteroids versus placebo, Outcome 3 Serious adverse events (dichotomous data).

Study or subgroup corticosteroids placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 Shock  

Steinberg 2006 6/89 15/91 100% 0.41[0.17,1.01]

Subtotal (95% CI) 89 91 100% 0.41[0.17,1.01]

Total events: 6 (corticosteroids), 15 (placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.95(P=0.05)  

   

2.3.2 Serious infection  

Steinberg 2006 20/89 30/91 100% 0.68[0.42,1.11]

Subtotal (95% CI) 89 91 100% 0.68[0.42,1.11]

Total events: 20 (corticosteroids), 30 (placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.55(P=0.12)  

Favours corticosteroids 100.1 50.2 20.5 1 Favours placebo
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Study or subgroup corticosteroids placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

2.3.3 Suspected or probable pneumonia  

Steinberg 2006 6/89 14/91 100% 0.44[0.18,1.09]

Subtotal (95% CI) 89 91 100% 0.44[0.18,1.09]

Total events: 6 (corticosteroids), 14 (placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.78(P=0.08)  

Favours corticosteroids 100.1 50.2 20.5 1 Favours placebo

 
 

Analysis 2.4.   Comparison 2 Corticosteroids versus placebo, Outcome 4 Serious adverse events (continuous data).

Study or subgroup Corticosteroids Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.4.1 Blood glucose (mg/dL) on day 7  

Steinberg 2006 89 159 (64) 91 144 (62) 100% 15[-3.41,33.41]

Subtotal *** 89   91   100% 15[-3.41,33.41]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.6(P=0.11)  

Favours corticosteroids 10050-100 -50 0 Favours placebo

 
 

Comparison 3.   Early physical therapy versus control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Occurrence of CIP/CIM 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 In total population ran-
domised

1 104 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.60, 1.08]

1.2 In screened population 1 82 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.39, 0.96]

2 Serious adverse events 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 In total population ran-
domised

1 104 Risk Ratio (M-H, Fixed, 95% CI) 3.36 [0.14, 80.62]

 
 

Analysis 3.1.   Comparison 3 Early physical therapy versus control, Outcome 1 Occurrence of CIP/CIM.

Study or subgroup Early phsyi-
cal therapy

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.1.1 In total population randomised  

Schweickert 2009 28/49 39/55 100% 0.81[0.6,1.08]

Subtotal (95% CI) 49 55 100% 0.81[0.6,1.08]

Favours early physical therapy 1000.01 100.1 1 Favours control
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Study or subgroup Early phsyi-
cal therapy

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 28 (Early phsyical therapy), 39 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.43(P=0.15)  

   

3.1.2 In screened population  

Schweickert 2009 16/41 26/41 100% 0.62[0.39,0.96]

Subtotal (95% CI) 41 41 100% 0.62[0.39,0.96]

Total events: 16 (Early phsyical therapy), 26 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.13(P=0.03)  

Favours early physical therapy 1000.01 100.1 1 Favours control

 
 

Analysis 3.2.   Comparison 3 Early physical therapy versus control, Outcome 2 Serious adverse events.

Study or subgroup Early phsyi-
cal therapy

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.2.1 In total population randomised  

Schweickert 2009 1/49 0/55 100% 3.36[0.14,80.62]

Subtotal (95% CI) 49 55 100% 3.36[0.14,80.62]

Total events: 1 (Early phsyical therapy), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.75(P=0.45)  

Favours early physical therapy 10000.001 100.1 1 Favours control

 
 

Comparison 4.   Electrical muscle stimulation versus control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Occurrence of CIP/CIM 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 In the total population ran-
domised

1 140 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.78, 1.15]

1.2 In screened population 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.32 [0.10, 1.01]

 
 

Analysis 4.1.   Comparison 4 Electrical muscle stimulation versus control, Outcome 1 Occurrence of CIP/CIM.

Study or subgroup EMS Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.1 In the total population randomised  

Routsi 2010 49/68 55/72 100% 0.94[0.78,1.15]

Subtotal (95% CI) 68 72 100% 0.94[0.78,1.15]

Favours EMS 100.1 50.2 20.5 1 Favours control
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Study or subgroup EMS Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 49 (EMS), 55 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

4.1.2 In screened population  

Routsi 2010 3/24 11/28 100% 0.32[0.1,1.01]

Subtotal (95% CI) 24 28 100% 0.32[0.1,1.01]

Total events: 3 (EMS), 11 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.94(P=0.05)  

Favours EMS 100.1 50.2 20.5 1 Favours control

 

 

A D D I T I O N A L   T A B L E S
 

A. Muscle groups

Shoulder abduction

Elbow flexion

Wrist dorsiflexion

Hip flexion

Knee extension

Ankle dorsiflexion

B. Score

0 No visible/palpable contraction

1 Visible contraction, no movement of the limb

2 Movement of the limb, but not against gravity

3 Movement against gravity

4 Movement against gravity and resistance, submaximal

5 Normal muscle force

Table 1.   MRC sum-score 

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1Polyneuropath* or Muscle Weakness or Rhabdomyolysis or Quadriplegia or Paresis
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#2quadriplegia or weakness or neuromyopath* or "motor syndrome" or "muscle function" or "muscle strength" or "respiratory failure"
#3(#1 OR #2)
#4"Intensive Care" or "Critical Illness" or "intensive care" or "ventilator weaning" or (respiration NEAR/2 artificial)
#5(critical NEXT/2 illness) or (critically NEAR/2 ill)
#6(#4 OR #5)
#7therapeutic* or "enteral nutrition" or "enteral feeding" or "enteral nutrition" or "parenteral nutrition" or "parenteral feeding" or
"parenteral nutrition" or glucocorticoid* or exercise therapy" or kinesiotherap* or "diet therapy"
#8(therapies NEAR/2 investigational) or "experimental therap*" "or "investigational therap*" or "amino acid*" or arginine or arg or
glutamine or glu or antioxidant* or "anti oxidant*" or acetylcysteine or n-acetylcycteine or NAC or glutathione or "growth hormone" or GH
#9androgens* or testosterone or oxandrolone "Insulin-Like Growth Factor I" or "insulin-like growth factor" or igf-1 or immunoglobulin* or
insulin or iit or (insulin NEAR/5 therapy) or (insulin NEAR/5 treatment)
#10physiotherapy or "physical therap*" "electric stimulation" or electrostimulation or (electrical NEAR/2 stimulation) or rehabilitation or
"breathing exercise*" or magnesium
#11(#7 OR #8 OR #9 OR #10)
#12(#3 AND #6 AND #11)

Appendix 2. MEDLINE (OvidSP) search strategy

1 randomized controlled trial.pt.
2 controlled clinical trial.pt.
3 randomized.ab.
4 placebo.ab.
5 drug therapy.fs.
6 randomly.ab.
7 trial.ab.
8 groups.ab.
9 or/1-8
10 exp animals/ not humans.sh.
11 9 not 10
12 polyneuropathies/
13 muscle Weakness/
14 rhabdomyolysis/
15 quadriplegia/
16 paresis/
17 neuromuscular manifestation$1.tw.
18 (polyneuropath$ or myopath$).tw.
19 polyneuromyopath$.tw.
20 neuromuscular disorder$.tw.
21 neuromuscular disease$.tw.
22 paresis.tw.
23 quadriplegia.tw.
24 weakness.tw.
25 neuromyopath$.tw.
26 motor syndrome.tw.
27 muscle function.tw.
28 muscle strength/
29 (muscle strength or respiratory failure).tw.
30 or/12-29
31 intensive Care/
32 critical Illness/
33 intensive care.tw.
34 critical$ ill$.tw.
35 ventilator weaning/
36 respiration, artificial/
37 or/31-36
38 therapeutics/
39 enteral nutrition/ or enter$ feed$.tw. or enter$ nutrition.tw.
40 parenteral nutrition/ or parenter$ feed$.tw. or parenter$ nutrition.tw.
41 glucocorticoids/ or glucocorticoids.tw.
42 exercise therapy/ or kinesiotherap$.tw.
43 diet therapy/
44 pc.fs.
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45 rh.fs.
46 therapies investigational/ or experimental therap$.tw. or investigational therap$.tw.
47 amino acids/ or amino acids.tw.
48 arginine/ or arginine.tw. or arg.tw.
49 glutamine/ or glutamine.tw. or glu.tw.
50 antioxidants/ or antioxidant$.tw. or anti oxidant$.tw.
51 acetylcysteine/ or n-acetylcycteine.tw. or NAC.tw. or glutathione.tw.
52 growth hormone/ or growth hormone.tw. or GH.tw.
53 androgens/ or androgen$.tw. or testosterone.tw. or oxandrolone.tw.
54 Insulin-Like Growth Factor I/ or insulin-like growth factor.tw. or igf-1.tw.
55 immunoglobulins/ or immunoglobulin$.tw.
56 insulin/ or insulin.tw.
57 iit.mp.
58 (insulin adj5 therapy).tw.
59 (insulin adj5 treatment).tw.
60 physical therapy modalities/ or physiotherap$.tw. or physical therap$.tw.
61 electric stimulation therapy/ or electrostimulation.mp. or (electric$ adj2 stimulation).tw.
62 rehabilitation.tw. or rehabilitation/
63 breathing exercises/
64 breathing exercise$.tw.
65 magnesium.mp.
66 or/38-65
67 11 and 30 and 37 and 66

Appendix 3. EMBASE (OvidSP) search strategy

1 crossover-procedure/
2 double-blind procedure/
3 randomized controlled trial/
4 single-blind procedure/
5 (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or (doubl$ adj blind$) or (singl$ adj blind$) or assign$
or allocat$ or volunteer$).tw.
6 or/1-5
7 exp animals/
8 exp humans/
9 7 not (7 and 8)
10 6 not 9
11 limit 10 to embase
12 polyneuropathy/
13 muscle weakness/
14 RHABDOMYOLYSIS/
15 QUADRIPLEGIA/
16 PARESIS/
17 neuromuscular manifestation$1.mp.
18 (polyneuropath$ or myopath$).mp.
19 polyneuromyopath$.mp.
20 neuromuscular disorder$.mp.
21 neuromuscular disease$.mp.
22 paresis.mp.
23 quadriplegia.mp.
24 muscle weakness.mp.
25 neuromyopath$.mp.
26 motor syndrome.mp.
27 muscle function.mp.
28 muscle strength/
29 muscle force/
30 respiratory failure/
31 (muscle strength or respiratory failure or muscle dysfunction or muscle force or acquired weakness).mp.
32 or/12-31
33 intensive care/
34 critical illness/
35 intensive care.mp.
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36 intensive care.mp.
37 ventilator weaning.mp.
38 artificial ventilation/
39 or/33-38
40 therapy/
41 enteric feeding/ or enter$ feed$.tw. or enter$ nutrition.mp.
42 parenteral nutrition/ or parenter$ feed$.mp. or parenter$ nutrition.mp.
43 glucocorticoids/ or glucocorticoids.mp.
44 kinesiotherapy/ or kinesiotherap$.mp. or exercise therapy.mp.
45 diet therapy/ or diet therapy.mp.
46 (pc or rh).fs.
47 experimental therapy/ or (experimental therap$.tw. or investigational therap$).mp.
48 amino acid/ or amino acids.mp.
49 arginine/ or arginine.mp.
50 glutamine/ or glutamine.mp.
51 antioxidant/ or antioxidant$.tw. or anti oxidant$.mp.
52 acetylcysteine/ or (n-acetylcycteine or NAC or glutathione).mp.
53 growth hormone/ or (growth hormone or GH).mp.
54 androgen/ or (androgen$ or testosterone or oxandrolone).mp.
55 somatomedin C/ or (insulin-like growth factor or igf-1).mp.
56 immunoglobulin/ or immunoglobulin$.mp.
57 insulin/ or insulin.mp.
58 iit.mp.
59 (insulin adj5 therapy).mp.
60 (insulin adj5 treatment).mp.
61 physiotherapy/ or (physiotherap$ or physical therap$).mp.
62 electrostimulation/
63 (electric$ adj2 stimulation).mp.
64 62 not 63
65 electrostimulation/ or electrostimulation.mp.
66 rehabilitation/ or rehabilitation.mp.
67 breathing exercise/ or breathing exercise.mp.
68 corticosteroid$.mp.
69 magnesium.mp.
70 or/40-69
71 11 and 32 and 39 and 70

W H A T ' S   N E W

 

Date Event Description

13 December 2013 New citation required and conclusions
have changed

We identified two new studies for inclusion based on searches
to October 2011 and extensively revised the review including
changes to inclusion criteria

4 October 2011 New search has been performed Searches updated to October 2011 and integrated into the re-
view. A further search to December 2013 revealed further studies
currently awaiting assessment.

 

H I S T O R Y

Protocol first published: Issue 4, 2007
Review first published: Issue 1, 2009
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Date Event Description

19 August 2012 New citation required and conclusions
have changed

Converted to new review format.
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Greet Van den Berghe initiated and supervised the project. Greet Hermans and Bernard De Jonghe independently extracted the data.
Greet Hermans contacted corresponding authors for additional data and wrote the first draJ. Bernard de Jonghe and Frans Bruyninckx
commented on the first draJ and made revisions. Greet Van den Berghe reviewed and commented on the revised draJ prior to submission
for formal review.

D E C L A R A T I O N S   O F   I N T E R E S T

Greet Hermans and Greet Van den Berghe have been involved in trials included in the review.

Frans Bruyninckx and Bernard De Jonghe have no known conflicts of interest.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

During the process of updating the review, and aJer extensive discussion between the authors and the editorial board, it was decided to
refine inclusion criteria in order to improve clarity and further reduce bias in the review. Therefore, the review includes only studies that
report the incidence of CIP or CIM as a primary or secondary outcome.

We used the Cochrane 'Risk of bias' tool to assess studies, which was introduced aJer publication of our protocol. For this update we
included 'Summary of findings' tables.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Adrenal Cortex Hormones  [therapeutic use];  Critical Care;  Critical Illness;  Electric Stimulation Therapy  [methods];  Human Growth
Hormone  [therapeutic use];  Hypoglycemia  [chemically induced];  Hypoglycemic Agents  [adverse eIects]  [therapeutic use];  Insulin
 [adverse eIects]  [therapeutic use];  Length of Stay  [statistics & numerical data];  Muscular Diseases  [mortality]  [*prevention &
control];  Physical Therapy Modalities;  Polyneuropathies  [mortality]  [*prevention & control];  Randomized Controlled Trials as Topic; 
Recombinant Proteins  [therapeutic use];  Respiration, Artificial  [statistics & numerical data]

MeSH check words

Humans
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