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4 Discussion 

4.1 Selection of subjects and controls 

The subjects in this study were all of the patients diagnosed with CIP at 

RLUH during the thirteen-month study period.  For an ICU of thirteen beds 

as at RLUH it seems surprising that only twenty-four patients were 

referred for neurophysiology tests due to suspected CIP and just eighteen 

were positively diagnosed during this time.  Based on figures from section 

2.1, total number of patients over 13 months would be around 463 

therefore CIP was diagnosed in approximately 4% of ICU patients, far 

below the 46% reported in a systematic review of several papers (Stevens 

et al., 2007).    

 

There was no written protocol for identifying patients with suspected CIP; 

a request for neurophysiology studies was made when patients appeared 

to be displaying clinical signs of neuromuscular weakness and difficulty 

weaning from mechanical ventilation.  Whilst it was assumed that the both 

the ICU and neurophysiology teams would have considered any pre-

existing reason for neuromuscular dysfunction for example multiple 

sclerosis, motor neurone disease or diabetic neuropathy, this was not 

explicitly documented. Because patients admitted to ICU were not 

routinely screened for CIP it is possible that many cases were not 

diagnosed, and potentially patients who were treated as controls in this 

study might also have experienced undiagnosed CIP.  This could 
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represent a major flaw in the methodology of this study and suggests that 

ICU patients should be tested for CIP earlier in their admission.  However, 

the large difference found in length of ICU stay between the two groups in 

this study does offer an indication that that the controls would have been 

unlikely to have developed a neuropathy and associated complications 

without detection.  Future studies might consider following a prospective 

design whereby consecutive admissions to ICU, ideally at multiple 

centres, are monitored and tested for CIP in a standardised way at regular 

intervals, ideally daily, possibly using a protocol similar to that used by 

Nanas et al. (2008).   A detailed history would also need to be taken to 

exclude any patients with existing neuromuscular conditions that might 

affect the results of EMG and NCS testing.  A cohort study, rather than the 

case-control design used in the present study, would also allow multiple 

regression analysis to determine which variables had the biggest impact 

on risk of developing CIP in ICU patients.  The fact that controls were so 

closely matched to CIP patients in this study meant that the effect of age, 

gender, APACHE II score or primary diagnosis on risk of acquiring CIP 

could not be assessed. 

 

4.2 Onset of CIP 

Due to varying methodology between studies none of the systematic 

reviews of CIP literature have been able to assess onset of CIP however 

several studies have demonstrated that it can occur early during ICU 
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admission, with reports of average time from admission to diagnosis of 6 

days (Latronico et al., 2007) and 15 days (Nanas et al., 2008) , and cases 

identified by muscle biopsy within four days of admission to the unit 

(Ahlbeck et al., 2009).  In the present study CIP was diagnosed later than 

this, on average 20-23 days into ICU admission.  It is possible that 

screening patients earlier in their ICU admission would have identified 

some cases of CIP earlier, and based on results of the studies described 

above, future studies should ideally involve daily screening from 

admission to ICU.  In practice this might be difficult due to the time 

consuming nature of neurophysiology investigations, but testing within at 

least the first week of ICU admission would allow detection of patients at 

risk.  A simplified but less specific method of electrophysiology testing has 

been proposed as a useful alternative to conventional EMG and NCS 

investigations (Latronico et al., 2007).   

 

It might be questioned of what benefit diagnosing CIP would be in 

management of ICU patients when so little is known about treating the 

condition.  However it has been suggested that it would help to plan 

treatment and “prevent an unreasonably pessimistic prognosis” by 

distinguishing the symptoms from those of central nervous system 

deterioration (Latronico et al., 2007).  Whilst a screening protocol for early 

identification of CIP would be desirable; if carrying out repeated tests on 

all patients it would be preferable to use the least complicated techniques 
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possible.  Invasive procedures like muscle biopsies, as used by Ahlbeck 

et al. (2009) would not be practical for large scale screening.  The role of 

bedside techniques is an interesting area of development and measures 

such as hand grip strength as described by Ali et al. (2008) might be 

useful in carrying out these tests on conscious patients in the future. 

 

4.3 Effect of CIP on length of stay and mortality outcomes 

On average patients who developed CIP in ICU stayed on the unit more 

than twice as long as patients of the same age and gender who had a 

similar primary diagnosis but did not develop CIP.  Probably one of the 

main reasons for this was an increased requirement for mechanical 

ventilation and respiratory support, with CIP patients requiring invasive 

ventilation via endotracheal tube or tracheostomy for a greater proportion 

of their ICU stay than control patients who did not develop CIP.  This is 

consistent with existing literature that demonstrates increased 

requirement for mechanical ventilation in patients with CIP (Leijten et al., 

1995; Garnacho-Montero et al., 2001; De et al., 2002b; De Jonghe et al., 

2002).  CIP patients also required more days of renal replacement therapy 

compared with controls, but in terms of percentage of ICU stay this 

difference was not significant.  Therefore this study was unable to support 

data from previous trials that has shown CIP is associated with greater 

requirement for renal replacement therapy (De et al., 2002a; Garnacho-

Montero et al., 2001).   
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The way in which controls were matched to CIP patients in the present 

study is likely to have reduced the true difference in length of stay in ICU 

between the groups because six of the controls initially identified were 

subsequently eliminated due to not having all the necessary biochemistry 

results available.  One of the most likely reasons for this was that they did 

not stay on the unit for long enough to have the usual weekly check of 

trace element status.  Therefore the selection of controls was biased 

towards those with a longer ICU stay. 

 

Mortality information from the present study indicated that patients with 

CIP were less likely to survive their ICU admission than those who were 

not diagnosed with CIP.  Interestingly, other studies have not found this to 

be the case with nine out of twelve trials in a systematic review failing to 

find an association between development of CIP and ICU mortality 

(Stevens et al., 2007).  There were conflicting results from the remaining 

three trials, with two identifying greater ICU mortality in CIP patients and 

one finding mortality rates were higher in control patients.  In the present 

study there was no difference in survival outcomes between the two 

groups at 28 days or 90 days post discharge from ICU.  Future studies 

should aim to clarify if CIP does in fact negatively impact on ICU survival, 

as this would be a strong indication for improving its identification and 

treatment in ICU. 
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Total stay in hospital was longer for patients who did not develop CIP but 

this was not statistically significant.  This difference did not take into 

account the fact that fewer of the CIP patients survived their ICU 

admission, and due to the small sample size it was not felt that excluding 

these patients from the analysis would provide any meaningful results.  

However it is interesting to note that in one of the larger cohort studies, 

hospital stay was similar between the two groups until those who died in 

ICU were excluded, when analysis showed that patients with CIP 

experienced longer hospital stays than non-CIP patients (Garnacho-

Montero et al., 2001) therefore it is possible that a larger scale study could 

confirm this result. 

 

4.4 Drug therapy 

Noradrenaline was the vasopressor drug used most commonly in this 

study, which is in line with current guidelines (Dellinger et al., 2008).  

There was no statistical difference between CIP and non-CIP patients in 

terms of the number of days that noradrenaline was used during ICU 

admission.  The control patients who did not develop CIP appeared to 

require noradrenaline for a higher proportion of their ICU stay but this 

difference did not achieve statistical significance.  However it was shown 

that on the days when noradrenaline was used, control patients received 
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higher doses than the CIP patients.  The importance of this finding is 

unclear but it concurs with findings of other authors (Nanas et al., 2008).   

 

Six of the CIP patients (three male and three female) were treated with 

intramuscular injections of the anabolic steroid nandrolone.  In five of 

these cases nandrolone treatment was commenced following 

neurophysiology testing for CIP however the retrospective nature of the 

study made it impossible to determine whether it was given because of 

CIP diagnosis.  Nandrolone was shown to increase fat free mass and 

maximal inspiratory mouth pressure in a double-blinded placebo-

controlled trial of patients with chronic obstructive pulmonary disease 

undergoing rehabilitation (Creutzberg, Wouters, Mostert, Pluymers, & 

Schols, 2003) but there is no evidence to support its use as a treatment 

for CIP. 

 

There was no significant difference between the groups in terms of use of 

hydrocortisone infusion.  A meta-analysis of studies has failed to show an 

association between use of corticosteroids in ICU and risk of developing 

CIP (Hermans et al., 2009). 

 

4.5 Nutritional intake including trace elements and thiamine 

In this study feeding was established early, on average within four days of 

admission to ICU.  Early enteral feeding in ICU is recommended where 
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possible to maintain gut integrity, reduce negative nitrogen balance and 

avoid potential complications of parenteral nutrition (Kreymann et al., 

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

 

In this study overall intakes of selenium, zinc and copper were similar 

between the groups with the largest proportion sourced from enteral 

nutrition.  Some of the patients who developed CIP had been treated with 

multivitamin and/or mineral preparations orally, via feeding tube or 

intravenously, as indicated by the “other” columns on Figure 3.  Thiamine 

intake was significantly higher in the CIP patient group than for the 

controls due to administration of oral thiamine supplements to two patients 

for clinical reasons.  For selenium, zinc and copper, “other” intakes 

contributed only small proportions of intake overall however it is possible 

that they could have influenced the biochemistry results for those patients, 

particularly for the three patients who received one or more intravenous 

infusions of Additrace (Fresenius Kabi).  This is a solution of trace 

elements designed to be added to parenteral nutrition to provide an 

adequate daily supply of trace elements for an adult.  When administered 

during this study it was given as one ampoule in 500ml of crystalloid 

usually over 24 hours.  Due to the retrospective nature of the study it was 

unclear exactly what criteria were used to determine the requirement for 

these infusions but it seems likely that they were given to try to correct a 

low plasma level of selenium or zinc.  If a similar study was to be carried 
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out in a prospective format it would be necessary to determine a 

standardised protocol for use of these infusions, or ideally to not give 

them at all to avoid influencing the biochemistry results.  Indeed the long-

term objectives of such a study would include determining whether such 

infusions would be of any benefit to ICU patients with or without CIP, 

which currently remains unclear. 

 

Mean intakes of selenium and zinc were well in excess of the reference 

nutrient intakes stipulated by the EVM (EVM, 2003) as discussed in 

sections 1.7.4 and 1.7.5.  However these intakes appear small when 

compared to the trial doses of antioxidants being given in the large scale 

SIGNET and REDOXS studies currently underway, which involve 

parenteral selenium supplementation of 500 µg daily, in addition to enteral 

intake where applicable. 

 

4.6 Trace element blood biochemistry 

The ICU day on which the first set of trace element blood results was 

checked varied between day 2 and day 16 of ICU admission and therefore 

the initial results recorded could not be stated to reflect baseline trace 

element levels.  A study with a prospective design would allow for testing 

of baseline levels from initial blood samples taken on admission to ICU 

which would enable better comparison of CIP and non-CIP patients to 

exclude potential bias.  However the ICU day on which the first results 
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became available was not significantly different between the groups in this 

study.  Initial selenium levels were below the normal range for both CIP 

patients and controls, but mean results of overall samples were within the 

normal range for both groups.  Mean plasma zinc levels were below the 

normal range for both CIP patients and controls, which was expected due 

to its status as a negative acute phase reactant and consistent with other 

studies where zinc levels have been checked in the ICU population (Beale 

et al., 2008).  Mean selenium and copper levels were within the reference 

ranges used by the laboratory at RLUH. 

 

A key assumption made in this study was that the measures of trace 

element status used, i.e. plasma concentration, are clinically relevant and 

reliable.  There is debate about the most useful way to assess nutritional 

status for these elements in critical illness, because it is known that the 

acute phase response affects trace element concentrations in the plasma.  

Levels of zinc and selenium fall during an acute phase response whereas 

the plasma concentration of copper tends to rise.  Reduced levels of 

selenium and zinc may be secondary to reduced plasma concentrations of 

carrier proteins such as albumin and caeruloplasmin, which are lost into 

the extracellular compartment due to increased vascular permeability.  It 

has been hypothesised that erythrocyte concentrations might provide a 

more useful measure for trace elements during an acute phase response 

as these temporary changes are not observed (Oakes et al., 2008; 
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Walther et al., 2000).  At present however most hospital laboratories do 

not have equipment to carry out these tests therefore they could not 

practically be conducted on a routine basis. 

 

In ICU there are other physiological and clinical effects that might affect 

trace element status.  For example trace elements can be lost during 

haemofiltration (Berger et al., 2004), if experiencing diarrhoea and from 

damaged, particularly burned, tissue (Berger et al., 2007).  In this study 

patients with CIP had more days of renal replacement therapy overall than 

the control patients and therefore might have lost more of their trace 

elements during this process.    Interestingly, in a randomised controlled 

trial of enteral feeding enriched with pharmaconutrients, plasma levels of 

zinc and selenium did not increase significantly compared to controls 

despite daily intake of zinc being 267% that of controls and intake of 

selenium being 548% that of controls at the target feed rate (Beale et al., 

2008).  Median plasma selenium levels were low on day 1 for both the 

intervention group and the controls, and had increased to within the 

normal range by day 5 for both groups.  Median plasma zinc levels were 

still below normal for both groups at day 11 of the study.  Therefore 

enteral supplements of trace elements might maintain circulating levels 

but not increase them. 
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4.7 Haematology and biochemistry results excluding trace 

elements 

The only result from the haematology and biochemistry information 

collected that was statistically different between the two groups was mean 

plasma alkaline phosphatase level throughout ICU stay.  This possibly 

indicates a higher degree of liver dysfunction in CIP patients compared 

with controls however the significance of this is unclear.  It might reflect a 

higher incidence of sepsis in the subject group as this is known to 

adversely affect liver function. 

 

4.8 Limitations of study 

The retrospective nature of the present study has contributed to numerous 

methodological flaws.  The number of patients investigated was very small 

and it was not possible to undertake a power calculation to determine 

adequate sample size due to the study design.   

 

Due to a lack of routine screening for CIP on the unit, it is possible that 

one or more of the controls did in fact have CIP but that they were simply 

not tested for it.   Although the unit has a general protocol for checking 

trace element biochemistry on a weekly basis this was not strictly adhered 

to.  In addition if patients were admitted and discharged between weekly 
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check days, no results were available for them.  Since some potential 

control patients had not had their trace element levels checked and 

therefore were discounted, the control patients used were not necessarily 

the best match for the subjects, and a selection bias towards controls with 

a longer ICU stay occurred as patients with a longer stay were more likely 

to have had the levels of trace elements checked at least once.  

 

Certain data was incomplete or open to a degree of interpretation when 

viewing historical patient observation charts.  The way in which data was 

recorded as ICU days might have produced misleading results, 

particularly in patients who had a short ICU stay of only a few days.  If 

designing a study protocol it might be advantageous to use 24-hour 

periods from admission as ICU “days” to avoid disproportionately dividing 

total results, for example for feed and drug volumes. 

 

It was unfortunate that thiamine results were not available for the patients 

studied as they had not been routinely checked.  Thiamine status in ICU is 

an under-researched area and further work might provide a valuable 

insight into potential benefits of thiamine supplementation, which is 

currently only provided as part of B vitamin supplementation to patients 

admitted with a history of liver disease, alcoholism or considered to be at 

risk of refeeding syndrome. 
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4.9 Future studies 

Further research is required to investigate possible nutritional aspects of 

CIP.  The best way to do this would be via a multicentre prospective 

cohort study of ICU patients with a clearly defined protocol including a 

power calculation to determine the sample size required in order to obtain 

statistically significant results, with a study design similar to that used by 

Nanas et al. (2008).  Baseline measurements of all variables being 

investigated could be taken on admission to ICU and regular, ideally daily, 

monitoring of neuromuscular function, nutritional intake, blood glucose 

control and blood tests for micronutrients including antioxidants should be 

undertaken.  Other factors such as plasma phosphate and magnesium 

levels, which might affect neuromuscular functioning, could also be 

investigated.  Detailed food records for patients on oral intake could be 

kept.  Observation charts could be kept or analysed in a format that would 

allow totals and averages for variables to be calculated for each 24-hour 

period from admission rather than midnight to midnight. 

 

Other likely causes of neuromuscular weakness would need to be 

considered with exclusion of patients with pre-existing neurological or 

neurodegenerative conditions that would affect neurophysiology test 

results.  Outcome measures would be length of stay and mortality rates 

similar to those used in the present study.  Multivariable regression 

statistical analysis could then be used to determine the effect of each 



 71

variable on risk of developing CIP and on mortality outcomes.  If 

contributing factors to the development of CIP could be identified then 

targets for treatment could be identified in addition to control of blood 

glucose levels.  This would provide a new role for nutrition therapy in the 

ICU.  

 

Since there is currently no treatment for CIP, current clinical efforts should 

be concentrated on its prevention by controlling blood glucose levels 

(Hermans et al., 2009).  There may be a role for bedside techniques in the 

screening process and when following up CIP patients, to determine long-

term functional outcomes. 

 

 

5 Conclusion 

This study has added further evidence to the existing literature which 

demonstrates that patients with CIP have increased length of stay in ICU 

and are less likely to survive their ICU admission compared to those who 

do not develop the condition.  The higher plasma alkaline phosphatase 

levels experienced by patients with CIP indicates they may have had 

more deranged liver function than the controls. 
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The design of this study and statistical analysis undertaken has not 

allowed identification of the contribution of any of the variables examined 

e.g. use of steroids or trace element status on risk of developing CIP.   

 

This study has not altered the current recommended aims of nutritional 

therapy for ICU patients.  These should be to feed early using the enteral 

route where possible and to build up feed to meet full macro and 

micronutrient requirements, if necessary over several days.  Specialist 

feeds should be used in clinical conditions where there are proven 

benefits, as indicated by consensus guidelines based on high quality 

evidence.  Monitoring of nutritional status might include monitoring of 

trace elements such as selenium, zinc and copper and antioxidants such 

as vitamin C and vitamin E.  Erythrocyte concentrations may be of more 

value than plasma measurements.  There is insufficient evidence to 

recommend how often these levels should be checked.   




