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1 Introduction 

1.1 Background 

Critical illness polyneuropathy (CIP) is a condition of neuromuscular 

weakness acquired by patients treated in the hospital intensive care unit 

(ICU).  The neurological component involves axonal degeneration of 

peripheral, predominantly motor nerves.  This causes paralysis, limb 

weakness and difficulty weaning patients from mechanical ventilation.  

CIP can be differentiated from Guillain-Barré syndrome (GBS), another 

common cause of neuromuscular weakness in intensive care because 

GBS involves autoimmune destruction of nerve cells and can be 

definitively diagnosed by serum antibodies specific to nerve cell 

gangliosides (De Letter, Visser, Ang, Van der Meche, & Savelkoul, 2000) 

(Sanap & Worthley, 2002). 

 

During early studies, CIP was treated as a separate entity to critical illness 

myopathy (CIM), the muscular weakness also recognised in the ICU 

patient population.  More recently it has become accepted that these two 

conditions are probably aspects of a combined neuromuscular dysfunction 

related to ICU treatment and that patients exhibit varying degrees of 

neurological and myopathic deficiency. A consensus has yet to be 

reached on an appropriate name for the syndrome, with different authors 

using terms such as critical illness polyneuropathy and myopathy 

(CIPNM) (De Letter, Visser, Ang, Van der Meche, & Savelkoul, 2000; 
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Deem, Lee, & Curtis, 2003), ICU-acquired paresis (ICUAP) (De Jonghe et 

al., 2002; Ali et al., 2008), critical illness neuromuscular abnormalities 

(CINMA) (Lorin & Nierman, 2002), critical illness myopathy and/or 

neuropathy (CRIMYNE) (Latronico et al., 2007) and ICU-acquired-

neuromyopathy (Hough, Steinberg, Taylor, Rubenfeld, & Hudson, 2009).   

In the present study, CIP refers to the combined neuromuscular deficits 

described by any and all of the above terms. 

 

1.2 Diagnosing CIP 

Neuromuscular deficiency can be difficult to identify in the ICU setting 

because the condition can be masked by prescribed sedatives and 

neuromuscular blocking agents used to induce paralysis.  The fact that 

patients are unable to participate in conscious tests of muscle strength 

and function adds to the difficulties in obtaining a diagnosis.  There might 

be an underlying condition such as diabetes mellitus or alcoholism that 

could have contributed to neuromuscular weakness.  Neurophysiology 

tests require attachment of electrodes to patients, which can be difficult in 

ICU due to the presence of dressings, peripheral cannulae, central 

venous access and monitoring equipment.  

 

There is no universally accepted test for investigating and diagnosing CIP, 

which makes it difficult to compare research findings such as prevalence, 

risk factors and effects.   This has been consistently noted as a barrier by 
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authors of recent systematic reviews concerning CIP (Hermans, De 

Jonghe, Bruyninckx, & Van den Berghe, 2009; Stevens et al., 2007).  It 

has been suggested that critically ill patients should undergo both 

conventional nerve conduction studies (NCS) and needle 

electromyography (EMG) to determine the relative effects of both the 

neurological and myopathic components of the syndrome (Bednarik, 

Lukas, & Vondracek, 2003).  Muscle biopsy and histological assessment 

is an additional, more invasive, method of diagnosing myopathy and has 

been used in studies investigating onset of neuromuscular weakness in 

ICU in addition to electrophysiology testing (Ahlbeck et al., 2009; 

Trojaborg, Weimer, & Hays, 2001; De Jonghe et al., 2002).   

 

Hand grip dynamometry has been proposed as an alternative simple 

bedside test for acquired muscular weakness.  However this is reliant 

upon an alert, awake, compliant patient and therefore is unlikely to be 

useful in the initial phase of critical illness where patients are more likely 

to be sedated. In a US multi-centre prospective study hand grip strength 

was positively associated with improved survival (Ali et al., 2008).  This 

might be an area that could be explored further in order to develop 

practical screening for CIP in ICU patients who are able to participate. 
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1.3 Incidence and onset of CIP 

There is currently a lack of information regarding the incidence of CIP in 

ICUs, which is partly explained by the lack of definitive diagnostic criteria.   

CIP was initially reported in very small numbers of patients identified on 

an ad-hoc basis.  One of the first articles written on the subject by was a 

case-report on five patients recalled by the authors from approximately 

5200 admissions over a four-year period (Bolton, Gilbert, Hahn, & 

Sibbald, 1984).  Since then larger scale prospective studies have been 

carried out to identify the proportion of ICU patients affected by CIP.  A 

systematic review of 29 studies involving a total of 1421 patients found 

that neuromuscular dysfunction affected 46% of the ICU population 

overall (Stevens et al., 2007).  This included patients from medical, 

neurological, surgical and mixed ICUs.  Most of the current research into 

CIP has involved adult patients and some authors have highlighted the 

need to consider CIP in paediatric ICU patients with muscular weakness 

(Tabarki et al., 2002).   

 

Reviews of the literature have been unable to give reliable estimates of 

the onset of CIP due to differing methodologies between studies.  In most 

trials neurophysiology investigations were carried out at fixed time points 

during the patients’ admission.  For example, a prospective cohort study 

of 73 septic patients with multi-organ dysfunction syndrome (MODS) 

beginning mechanical ventilation in a Spanish ICU identified CIP in 46 
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(63%) on day 10 and a further 4 (5%) on day 21 suggesting that in most 

cases the weakness occurred early on in the ICU admission (Garnacho-

Montero et al., 2001).  More recent studies have supported this finding, 

and in a small-scale study of 10 ICU patients, 50% of them demonstrated 

features of CIP as early as 4 days into their ICU admission (Ahlbeck et al., 

2009).  Whilst patients with known existing neuromuscular dysfunction 

were excluded from the study there were no baseline neuromuscular 

function measurements taken therefore it is not possible to say that these 

patients definitely acquired their weakness on the ICU.  Another group of 

authors assessed a cohort of 185 patients from a mixed ICU daily from 

admission for signs of CIP, and excluded those with neuromuscular 

weakness that was pre-existing or had another potential cause (Nanas et 

al., 2008). It was found that of the 24% of patients who developed CIP, 

median time from admission to diagnosis was 15 days (range 12-46 

days).  This is slightly longer than the median interval of 6 days identified 

in an Italian multicentre study involving 92 ICU patients (Latronico et al., 

2007).  In the latter trial, all 28 of the patients who developed CIP were 

diagnosed within 13 days of admission to ICU.  A prospective study 

involving a cohort of 48 ICU patients with sepsis found that 63% had 

abnormal NCS results within 72 hours of the onset of sepsis and that 70% 

showed reduced neurological function between baseline and day 7, which 

was predictive of developing CIP (Khan, Harrison, Rich, & Moss, 2006).   
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1.4 Pathophysiology and risk factors 

As yet there is no proven aetiology for CIP and although several 

hypotheses have been proposed (see Figure 1) these remain largely 

theoretical (Hermans et al., 2009).  CIP appears to be associated with 

patients who develop sepsis and systemic inflammatory response 

syndrome (SIRS), and it has been proposed that CIP might be a 

neuromuscular manifestation of SIRS and multi-organ dysfunction 

syndrome (MODS) (Friedrich, Fink, & Hund, 2005; van Mook & Hulsewe-

Evers, 2002; Visser, 2006). A recent prospective study of a cohort of 185 

patients in a Greek ICU found that sepsis associated with Gram-negative 

bacteraemia was an independent risk factor for developing CIP in patients 

with lower disease severity scores (Nanas et al., 2008).  SIRS occurs 

when tissue damage causes uncontrolled inflammation and an over-

compensatory anti-inflammatory response.   If unchecked, this can result 

in reduced tissue perfusion and potentially MODS and undoubtedly lead 

to a longer patient stay in ICU.  Consensus guidelines on the 

management of sepsis have recently been updated (Dellinger et al., 2008) 

with the emphasis being placed on early identification and treatment, and 

may prove to be valuable in reducing the number of patients progressing 

onto SIRS and requiring ICU care. 

 

Some studies have found an association between development of CIP 

and use of medications, particularly corticosteroids (De Jonghe et al., 
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2002) and aminoglycosides (Leijten, Harinck-de Weerd, Poortvliet, & de 

Weerd, 1995; Nanas et al., 2008) and it has been suggested that use of 

neuromuscular blocking agents may also be implicated (Deem et al., 

2003).  However these drugs have not been proven as causative factors 

for CIP and may simply indicate that ICU patients with CIP have a more 

severe illness requiring additional pharmacological support, compared 

with patients who do not develop the condition.  It has been observed that 

Acute Physiology and Chronic Health Evaluation (APACHE) II or 

Sequential Organ Failure Assessment (SOFA) scores are higher amongst 

the ICU population that develop CIP than those who do not (Nanas et al., 

2008; Garnacho-Montero et al., 2001).   These scoring systems are used 

to categorise the severity of illness in ICU and allow comparison between 

data for audit and research purposes (Gunning & Rowan, 1999).  Details 

of the APACHE II and SOFA scoring systems are shown in Appendix 1. 

 

There have been some observations that CIP might be linked with use of 

parenteral nutrition, which is discussed in more detail in section 1.7.1. 



Figure 1.  Presumed pathophysiological mechanisms and their interactions involved in the development of CIP/CIM  
Adapted from Hermans et al. (2009).   (ROS, reactive oxygen species; SR, sarcoplasmic reticulum.  
 

 
 



1.5 Treatment, outcomes and prevention 

There is currently no specified treatment for CIP; management relies upon 

treating underlying disease, trauma and sepsis or SIRS.  This is likely to 

include administration of insulin, corticosteroids and inotropic drugs in 

addition to physiotherapy intervention.   Some clinicians advocate early 

mobilisation of ICU patients to reduce neuromuscular weakness, including 

those receiving mechanical ventilation (Needham, 2008) however this 

practice has yet to gain widespread acceptance.  A survey carried out in 

the US showed that physiotherapy intervention in ICU varied significantly 

between centres and tended to be directed by local protocols and 

convention rather than any consensus guidelines (Hodgin, Nordon-Craft, 

McFann, Mealer, & Moss, 2009). 

 

Prospective cohort trials have found that patients who developed CIP in 

ICU had higher requirements for mechanical ventilation and renal 

replacement therapy during their treatment (Garnacho-Montero et al., 

2001); (Leijten et al., 1995).  They were also less likely to survive their 

ICU admission than patients who did not develop CIP.  A recently-

published systematic review and meta-analysis found a positive effect of 

intensive insulin therapy in reducing incidence of CIP (Hermans et al., 

2009).  There was a lack of evidence to support corticosteroid use 

specifically to reduce CIP risk at present.  A key study into the effects of 

insulin administration in critical illness used development of CIP as an 
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outcome measure of intervention success (Van den Berghe, Wouters, 

Weekers, & Verwaest, 2001), and other researchers have been 

encouraged to emulate this (Hudson & Lee, 2003).   

 

1.6 Recovery and prognosis 

The recovery period following diagnosis of CIP remains unclear due to a 

lack of data from large-scale prospective trials.  Published reports 

generally involve small numbers of patients from single centres followed 

up over a limited period of time.  One of the earlier studies to investigate 

recovery and rehabilitation of CIP patients was carried out by a group of 

researchers from a mixed ICU in Holland (Leijten et al., 1995).  They 

recorded the time that 29 patients and 21 controls took to wean from 

mechanical ventilation and to regain muscle strength and the ability to 

walk fifty metres unaided.  CIP patients had significantly more ventilator-

dependent days (median 20 days) than controls (median 25 days).  24 

patients were able to be evaluated for rehabilitation end-points and it was 

found that 5 of the CIP patients had still not reached this after 12 months, 

whereas all of the non-CIP patients had recovered after this time.  One of 

the main limitations of this study was the exclusion of patients over 75 

years of age who are likely to have made up a significant proportion of the 

ICU population and might have had different requirements for ventilation 

and rehabilitation. The reason for their exclusion was unclear but makes it 

difficult to extrapolate these results to more elderly ICU patients.  
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A further small scale cohort study into the rehabilitation of eight CIP 

patients at six and twelve months after onset (van der Schaaf, Beelen, & 

de Vos, 2004) found that all patients required ongoing support at these 

time points.  No specific treatment was described; patients simply 

received usual hospital care led by a rehabilitation physician with 

physiotherapy and occupational therapy input.  Overall mortality was 56% 

at twelve months.  Unfortunately no attempt was made to compare the 

results to outcomes for non-CIP control patients therefore it is not possible 

to attribute all of these patients’ ongoing care needs to the fact that they 

acquired CIP during their ICU admission.   

 

A study by (Fletcher et al., 2003) followed up 22 surviving patients who 

had experienced ICU admissions of greater than 27 days in one of three 

London hospitals.   The time from discharge ranged between 12-57 

months.  Residual neurological deficits were found in 59% of patients, 

excluding those who had died, were not contactable or declined to be 

involved due to ill health or other reasons.  Since those who were most 

unwell were excluded it is likely that the proportion of the entire population 

of discharged ICU patients with neuromuscular dysfunction would have 

been even higher than this. 
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1.7 CIP and nutrition 

1.7.1 Nutritional support in ICU 

Various organisations have published consensus guideline documents 

regarding provision of nutritional support in ICU including the European 

Society for Parenteral and Enteral Nutrition (ESPEN), the Canadian 

Critical Care Clinical Practice Guidelines Committee (CCCCPGC) and the 

American Society for Enteral and Parenteral Nutrition (ASPEN) (Singer et 

al., 2009; Kreymann et al., 2006; Martindale et al., 2009; CCCCPGC, 

2009).  Over recent years priorities for provision of nutrition in the ICU 

have been initiating nutritional support early in the admission (within 24-48 

hours), using the enteral route wherever possible, restricting energy 

intakes to avoid the metabolic problems caused by overfeeding and use of 

specialised immune-modulating nutrients to improve patient outcomes. 

 

The stress response to severe injury or critical illness is known to involve 

an irreversible negative nitrogen balance and loss of lean tissue.  It is 

recommended that energy intake should be limited to around 25 kcal per 

kg actual bodyweight per day to avoid potential complications of 

overfeeding such as hyperglycaemia, hypercapnia and fatty liver (Singer 

et al., 2009; Kreymann et al., 2006; Martindale et al., 2009). It is known 

that amino acid metabolism is altered during critical illness, with increased 

release of glutamine and arginine.  In certain groups of ICU patients, 

benefits have been found when using specialised feeds incorporating 
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these amino acids and other immune modulating feed components such 

as long chain n3 fatty acids.  Use of these feeds is discussed in more 

detail in section 1.7.2.  European and Canadian guidelines now strongly 

recommend use of supplemental glutamine in parenteral nutrition regimes 

(Singer et al., 2009; CCCCPGC, 2009). 

 

Assessment of nutritional status in ICU is difficult due to the metabolic 

changes that occur.  The acute phase response that follows trauma, 

surgery or infection involves release of inflammatory mediators, cytokines 

and stress hormones.  These cause increased vascular permeability, 

resulting in oedema and hypoalbuminaemia with loss of intravascular fluid 

into the interstitial space, an effect that is amplified by administration of 

fluids to maintain blood pressure. Body weight and plasma albumin levels 

are therefore unreliable markers of nutritional status in critical illness 

(Klein, 1990) and prealbumin, also known as transthyretin, has been 

suggested as a preferred alternative due to a more rapid turnover and 

sensitivity to nutritional intake (Raguso, Dupertuis, & Pichard, 2003; 

Devoto et al., 2006).    

 

1.7.2 Antioxidants and trace elements in the ICU setting 

The potential benefits of supplementing trace elements and antioxidants 

in ICU has become an area of increasing interest in recent years.   There 

may be increased losses of trace elements in ICU due to renal 
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replacement therapy and tissue damage.  Continuous renal replacement 

therapy for eight hours was shown to result in significantly reduced 

plasma selenium levels in a small scale group of eleven patients at an 

ICU in Switzerland (Berger et al., 2004). 

 

The role of reactive oxygen species (ROS) including free radicals in the 

pathophysiology of sepsis and SIRS has been well documented and 

reviewed (Neviere, 2005; Magder, 2006).  Phagocytic cells such as 

neutrophils produce ROS in the process of destroying pathogens.  If 

uncontrolled these ROS can then go on to attack deoxyribonucleic acid 

(DNA) and lipids including the phospholipid components of cell 

membranes.  Lipid hydroperoxyl free radicals initiate intracellular chain 

reactions leading to lipid peroxidation.  Severe tissue damage can occur, 

potentially resulting in organ failure including acute lung injury (ALI) or 

acute respiratory distress syndrome (ARDS), which can increase patient 

dependence on mechanical ventilation.   

 

Release of nitric oxide (NO), derived from the amino acid arginine, is 

increased during the inflammatory process.  It causes increase dilation of 

blood vessels and reduced blood pressure, which may require 

pharmacological treatment to correct it.  ROS are also involved in the 

pathogenesis of ischaemia-reperfusion injury.  Ischaemia caused by 

systemic shock, trauma or infarction and then followed by reperfusion 
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results in formation of ROS, which then go on to damage epithelial cells, 

resulting in increased vascular permeability and movement of fluid into the 

interstitial space.  In the gut, increased permeability of the bowel wall can 

lead to bacterial translocation and sepsis.   

 

Increased understanding of the pathophysiology of SIRS has led to 

hypotheses that antioxidants could play a role in modulating the immune 

response, and that by reducing the damage caused by oxidative stress 

could improve outcomes for patients (Berger & Chiolero, 2007).  This is 

the theory behind the developing area of so-called immunonutrition or 

pharmaconutrition, where the feed provided acts to actively modulate the 

inflammatory process occurring and enhance recovery, rather than simply 

providing supportive nutrients for the body’s own healing mechanisms.   

 

In certain patient groups, use of antioxidants has become accepted as 

good practice when providing nutrition in ICU.  Enteral feeds enriched with 

omega long chain n3 fatty acids and vitamins A and E have been shown 

to benefit critically ill patients with acute lung injury and acute respiratory 

distress syndrome, elective upper gastrointestinal surgery patients, 

trauma and use of these feeds is now recommended for these patients 

(Kreymann et al., 2006; Martindale et al., 2009; CCCCPGC, 2009).  It 

remains unclear whether one specific feed component or the combination 

of oils and vitamins that confer the benefits identified.   No effect of 
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immune-enhancing enteral feed was found on the risk of developing 

pressure ulcers in ICU (Theilla, Singer, Cohen, & Dekeyser, 2007).  There 

is no evidence directly linking benefit of supplementing antioxidants in ICU 

patients with neuromuscular dysfunction. 

 

It has been suggested that including immune enhancing nutrients in 

enteral feeds may not be the best way to administer them because this 

relies on the patient receiving adequate feed volume (Beale et al., 2008). 

In the ICU it may take several days for patients to achieve a target feed 

due to the requirement to establish artificial feeding access for example by 

placing a nasogastric feeding tube, poor feed tolerance due to delayed 

gastric emptying, feed disruption due to scans or surgery, poor gut 

function due to the antimotility effects of analgesia or diarrhoea secondary 

to antibiotic use.   Therefore intravenous administration of nutrition or 

trace elements has been suggested as a more effective method of 

improving antioxidant status.    Intravenous supplementation of selenium 

and zinc was shown to increase circulating antioxidant levels, including 

gluthathione reductase and glutathione peroxidise, and improve healing in 

a small group of  21 patients with severe burns (Berger et al., 2007).   

More research is required to identify doses of trace elements required to 

replace losses for patients undergoing renal replacement therapy or with 

major burns, and to establish if the same effects are seen in other ICUs 

with different patient profiles. 
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Evidence regarding use of combined vitamins and trace elements in the 

general ICU population remains inconsistent however there is sufficient 

for the CCCCPGC to recommend that use of these “should be considered 

in critically ill patients” (CCCCPGC, 2009).  The large scale Reducing 

Deaths Due to Oxidative Stress (REDOXS) study currently underway 

across multiple centres internationally includes an intervention that may 

provide evidence for or against a benefit of supplementation at the levels 

tested, but no information on optimum doses of supplement provision 

(Heyland et al., 2006).  

 

One of the key problems with recommending intakes for trace elements in 

critical care is the lack of consensus over what optimum intakes are.  

Indeed excessive intakes may well be deleterious to critically ill patients 

as high plasma concentrations may exert a pro-oxidant rather than an 

antioxidant effect, which could potentially contribute to the inflammatory 

process already occurring (Heyland, 2007).  The process of identifying 

optimum intakes is further complicated by difficulties measuring body 

status of antioxidants, and of quantifying the extent of oxidative stress.  

Tissue stores of glutathione might provide a useful, although somewhat 

invasive, way of measuring antioxidant status and a small study a 

Swedish ICU found reduced levels of glutathione in skeletal muscle 

biopsies of eleven mechanically-ventilated patients compared to controls 
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who were undergoing elective surgery (Hammarqvist, Luo, Cotgreave, 

Andersson, & Wernerman, 1997) 

 

The acute phase response affects plasma levels of trace elements, having 

a negative effect on selenium and zinc levels and a positive effect on 

copper levels.  Erythrocyte concentrations have been suggested as an 

alternative measure of status of these trace elements and small studies of 

elective surgical and neurosurgical patients have shown that this measure 

remains stable and unaffected by inflammatory changes post surgery 

(Walther, Winnefeld, & Solch, 2000; Oakes et al., 2008).  Further studies 

are required to establish if these measures will be useful for the whole 

ICU population including emergency admissions and trauma cases.  

Biomarkers suggested to be of most use in assessing the extent of 

oxidative stress within the body are malondialdehyde (MDA) and F2 

isoprostanes (Grune & Berger, 2007). 

 

1.7.3 Influence of nutrition on risk of developing CIP 

CIP as a topic has been under researched, and there has been very little 

consideration of whether nutrition could be involved in its pathophysiology 

or treatment.  A literature search identified only one collection of papers 

specifically looking at this subject, from a symposium held by the 

American Society for Clinical Nutrition in 2005 (Tobin & Uchakin, 2005). 

One review paper attempted to summarise knowledge about nutritional 
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aspects of ICU-related neuromuscular weakness (Burnham, Moss, & 

Ziegler, 2005) with the main focus being on muscle wasting during the 

catabolic phase of critical illness.   

 

Some authors have suggested that excessive administration of parenteral 

nutrition in patients at risk of refeeding syndrome might contribute to the 

development of CIP in these individuals (Waldhausen, Mingers, Lippers, & 

Keser, 1997).  Refeeding syndrome involves fluid and electrolyte shifts 

following commencement of artificial nutrition in a depleted patient, and is 

known to contribute to neurological dysfunction.  Guidelines on managing 

patients at risk of refeeding syndrome have been published by the 

National Institute for Heath and Clinical Excellence (NICE) but are largely 

based in consensus recommendations and low grade evidence (NICE, 

2006).  An unpublished survey indicated that around one third of clinicians 

and allied health professionals felt that these guidelines were 

unnecessarily cautious when initiating nutritional support (De, Smith, & 

Stroud, 2008; De Silva, Smith, & Stroud, 2008). 

 

In a study of 73 ICU patients with sepsis, a positive association was found 

between use of parenteral nutrition and development of CIP (Garnacho-

Montero et al., 2001) therefore caution was advised with regards to its 

use.  It was stated that this relationship could have been due to indirect 

effects of parenteral nutrition, particularly hyperglycaemia.  Other authors 
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have also suggested that the increased blood glucose levels observed in 

patients receiving parenteral nutrition might account for some of the 

neurological damage present in CIP (Bolton & Young, 1997).  A recent 

systematic review and meta analysis of the literature found that optimising 

glycaemic control in ICU patients could reduce incidence of CIP (Hermans 

et al., 2009). 

 

Oxidative stress is known to be a contributing factor to the 

pathophysiology of many neurological and neurodegenerative diseases.  

The potential of improving antioxidant status in preventing or treating 

these conditions would therefore seem to be warranted. However, so far 

the evidence base is unconvincing.  Systematic reviews of the evidence 

for treating Alzheimer’s disease with vitamin E (Isaac, Quinn, & Tabet, 

2008) and use of antioxidant medication in multiple sclerosis (Farinotti et 

al., 2007) and amyotrophic lateral sclerosis or motor neurone disease 

(Orrell, Lane, & Ross, 2005) have proved inconclusive.  More research is 

needed into the potential protective mechanisms of antioxidants in these 

types of conditions. 

 

1.7.4 Zinc and copper in ICU and neuromuscular dysfunction 

Zinc and copper are essential trace elements in the human diet and form 

essential components of many metalloenzymes within the body.  Their 

metabolism is linked due to regulation by metallothioneins, metal-binding 
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proteins in tissues including gut mucosal cells.  High concentrations of 

either zinc or copper can impair gastrointestinal absorption of the other. 

The UK Expert Group on Vitamins and Minerals (EVM) have set reference 

nutrient intakes for zinc at 5.5-9.5 mg daily for men and 1.0-7.0mg daily 

for women (EVM, 2003).  These levels are approximately one third of the 

US Recommended Daily Allowance.   The reference nutrient intake for 

copper in the UK is 1.2mg per day for adults (EVM, 2003).  In the general 

UK population deficiency of either of these trace elements is unusual due 

to their wide availability in many foodstuffs.    

 

 Zinc and copper both form a component of the antioxidant enzyme 

superoxide dismutase, which protects against oxidative damage within the 

body. Zinc as Zn2+ has been shown to reduce formation of the nitric oxide 

radical (Abou-Mohamed, Papapetropoulos, Catravas, & Caldwell, 1998).  

The role of zinc and copper in antioxidant compounds suggests that their 

use might potentially be of benefit to ICU patients with SIRS.  However 

there is little research in this area compared to the evidence base for 

selenium supplementation in ICU, which is discussed in section 1.7.5. A 

systematic review of the literature concerning zinc supplementation in 

critical illness was inconclusive (Heyland, Jones, Cvijanovich, & Wong, 

2008).  A paucity of research was identified, with only 7 papers found, of 

which 3 included zinc as part of a complex of nutritional supplements and 

therefore made it impossible to attribute any effects of zinc alone.  No 
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studies were found that had investigated copper metabolism or 

supplementation in critical illness. 

 

There is a limited evidence base to suggest that metallothioneins, which 

bind copper and zinc in vitro are involved in the progression of 

neurological and neurodegenerative conditions like Alzheimer’s dementia 

and Parkinson’s disease (Hidalgo, Aschner, Zatta, & Vasak, 2001).  

Copper is thought to contribute to neurodegeneration by propagating 

oxidative stress and free radical activity (Campbell, Smith, Sayre, Bondy, 

& Perry, 2001; Sayre, Moreira, Smith, & Perry, 2005).  Disturbed copper 

metabolism is also known to be a factor in prion disease (Brown, 2001).  

The disparity between the antioxidant and pro-oxidant functions of 

metallothioneins remains largely unexplained but it has been proposed 

that their role becomes less protective and more detrimental with age 

(Mocchegiani et al., 2001). 

 

Excess circulating copper can cause impairment of many body systems 

including the neurological system, as seen in Wilson’s disease.  In this 

condition, inadequate levels of the copper-binding protein caeruloplasmin 

cause high circulating levels of free copper; this is deposited at various 

body sites causing many problems including impaired neurological 

function.  Wilson’s disease can be treated with zinc acetate to impair 

copper absorption in the gastrointestinal tract.  
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Very few studies have investigated neurological effects of deficiencies or 

excess of zinc or copper, however those that have been undertaken 

indicate that either is deleterious to neurological function.  Observational 

studies on animals provide some limited evidence of reduced nerve 

conduction in zinc deficiency (O'Dell, 1993).  In a case study of a 46 year 

old man, idiopathic hyperzincaemia with secondary hypocupraemia was 

identified as a possible cause of nerve demyelination (Hedera, Fink, 

Bockenstedt, & Brewer, 2003).  Symptoms were not reversed by copper 

replacement therapy, however it is stated that the patient’s compliance 

with his treatment was poor.  It is unclear how relevant this information 

might be to ICU patients who develop CIP.  

 

Some authors have suggested that hypocupraemia could be the primary 

cause of neuronal degeneration and that hyperzincaemia might be an 

incidental effect  of reduced copper levels (Kumar & Ahlskog, 2004). A 

study of thirteen patients with myeloneuropathy and copper deficiency 

suggested that the conditions might be linked (Kumar, Gross, & Ahlskog, 

2004), however the lack of comparison with non-copper deficient controls 

means this was not established.  The subjects were heterogeneous in 

terms of duration of neurological symptoms, and whilst copper 

supplementation restored levels in 10 of the 12 patients followed up, this 

did not appear to reverse the neurological damage seen. 
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Larger scale controlled studies are required to establish the impact of zinc 

and copper status on neuromuscular function.  It appears that there is a 

fine balance between beneficial and disadvantageous levels of these 

trace elements therefore caution should be exercised if carrying out any 

trials of supplementation.  It is important to note that many of the effects 

relate to diseases of the central nervous system (CNS) rather than the 

peripheral nerves involved in CIP and therefore it cannot be assumed that 

these will react to trace metals in the same way. 

 

1.7.5  Selenium in ICU and neuromuscular dysfunction 

Selenium, as selenocysteine, is a component of the antioxidant enzyme 

glutathione peroxidase (GSH-Px), which protects against lipid 

peroxidation in the body.  In the UK recommended daily intakes of 

selenium are 75 µg for men and 60 µg for women  for the general 

population (EVM, 2003).   Selenium deficiency is unusual in the UK 

population but it has been proposed that requirements are increased 

during the oxidative stress associated with critical illness.  This is 

discussed in further detail below. 

 

Circulating selenium levels are lower in ICU patients with SIRS compared 

to control patients even when supplements are given, which indicates 
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increased losses and/or a redistribution of body selenium stores during 

critical illness (Forceville et al., 1998).  The potential use of erythrocyte 

levels as an alternative marker of selenium status has been discussed 

previously in section 1.7.2. 

 

A multi-centre, prospective trial of supplementation of sodium selenite in 

septic intensive care patients carried out in Germany found reduced 

mortality rates in subjects receiving supplementation, with a correlation 

between blood selenium levels and survival (Angstwurm et al., 2007).  It 

has been suggested that the method of selenium administration used, i.e. 

initial bolus injection followed by continuous intravenous infusion, during 

this study was key to the positive result as this may have allowed 

adequate replenishment and retention of tissue stores (Chan, 2007).  

Other studies do not show any advantage of selenium supplementation.  

For example, a smaller trial carried out in the same ICU as the present 

study, which found that although intravenous supplementation could 

increase plasma selenium levels, this did not relate to any improvement in 

markers of oxidative stress, SOFA score or mortality (Mishra et al., 2007). 

 

Consensus guidelines for provision of nutrition in ICU patients do not 

currently promote supplementation of selenium beyond standard provision 

in parenteral nutrition to prevent deficiency (Martindale et al., 2009; 

CCCCPGC, 2009).    Researchers attempting to review evidence in this 
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area have come across many barriers including the heterogeneous nature 

of the ICU population making it difficult to compare studies, limited 

numbers of small scale trials, a lack of consensus regarding how to 

measure selenium status, and differing views on optimum dose and 

method of administration of selenium supplements in ICU (Avenell, Noble, 

Barr, & Engelhardt, 2004).  The ongoing Scottish Intensive Care 

Glutamine or Selenium Evaluation (SIGNET) trial seeks to address these 

issues by administering parenteral nutrition with increased levels of 

selenium, glutamine or both and comparing mortality, complication and 

length of stay outcomes to those of controls who receive standard 

parenteral nutrition (Andrews et al., 2007).  The results might provide 

some much-needed clarity on what dose of selenium, if any, is of benefit 

to ICU patients. 

 

No evidence was found of research to investigate associations between 

selenium status and CIP or other neurological conditions. 

 

1.7.6 Thiamine in ICU and neuromuscular dysfunction 

Thiamine (vitamin B1) is known to be linked to nerve function since 

deficiency results in the neuropathic manifestation of beriberi. Thiamine 

deficiency is also linked to Wernicke-Korsakoff syndrome seen in chronic 

alcoholism and prolonged, inadequate parenteral nutrition.  Literature 

concerning thiamine status and intake in the ICU setting is scarce.  



 37

Reference nutrient intakes for the general UK adult population are 1mg for 

females and 1.4mg for males (EVM, 2003). 

 

One study that investigated seventeen post-gastrectomy patients with 

neuropathy and low whole-blood thiamine levels found that neuropathy 

and muscle function improved following thiamine supplementation (Koike 

et al., 2004); suggesting that supplementation of thiamine could be of 

benefit to individuals at risk of related neurological damage.  The study 

was limited by the absence of a non-neuropathy control group with which 

to compare thiamine status and it is not possible to extend these findings 

to patients with CIP as this was one of the study’s exclusion criteria.  

Thiamine deficiency following bariatric surgery including gastric bypass is 

becoming an increasingly recognised phenomenon as these procedures 

become more common.  A systematic review of the literature, which 

remains mostly limited to case reports, found that 76% of cases identified 

exhibited peripheral polyneuropathy (Aasheim, 2008). 

 

1.8 Aim of study 

The aim of the present study was to investigate any difference between 

nutritional status of zinc, copper, selenium and thiamine in ICU patients 

with CIP and those who were not diagnosed with the condition under 

similar circumstances. Secondary outcomes were length of ICU stay, ICU 

and hospital survival, 30 and 90 day mortality, use of mechanical 
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ventilation and renal replacement therapy. The study will provide 

preliminary data to identify factors that would need to be considered if 

designing a protocol for a larger scale study, which might then provide the 

basis for a prospective trial to examine potential reduction in CIP 

incidence by supplementing intake of these micronutrients in critically ill 

patients.  This would be the first study of its kind to examine potential 

relationships between micronutrient status and neuromuscular weakness 

in the intensive care unit.   

 




