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2 Methods 

2.1 Subject selection 

Appropriate ethical approval from the local committee was obtained to 

enable access to patient data.  Confirmation of this is available in 

Appendix 2. 

 

Subjects were identified by the Department of Neurophysiology at Royal 

Liverpool University Hospital (RLUH) as all ICU patients referred for 

neurophysiology tests due to suspected CIP in the period January 2004 to 

January 2005.  At the time the ICU at RLUH had 13 inpatient beds and 

there were a total of 427 admissions during 2004, of whom 88% were 

mechanically ventilated and approximately 20% underwent renal 

replacement therapy (RRT) i.e. haemodialysis or haemofiltration 

(Wenstone, 2005). 

 

A total of twenty-four patients were referred for neurophysiology tests due 

to suspected CIP, based on delayed weaning from mechanical ventilation 

and/or observed muscular weakness, within the thirteen-month period.  In 

six cases CIP could not be diagnosed definitively therefore these patients 

were excluded from the analysis leaving a total of eighteen subjects for 

whom to collect data.  Diagnosis was made on the basis of NCS and 

EMG. Neurophysiology reports can be viewed in Appendix 3 
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 Neurophysiology test reports.  The day of ICU treatment when CIP was 

diagnosed was the day on which neurophysiology testing was undertaken, 

with the first day or part day in ICU designated as day 1. 

 

2.2 Data collection 

Demographic and clinical patient information recorded included each 

patient’s gender, age in years on admission to ICU, APACHE II score and 

primary diagnosis.  This data was gathered from medical notes, electronic 

databases and electronic records of scanned critical care management 

charts including nursing observation charts and prescription charts. These 

electronic records were held within the ICU at RLUH on compact discs 

produced by Cull Micro Imaging Limited and read using ScanFile 2000 

document management software (Spielberg Solutions Limited). 

 

Length of stay and mortality outcomes were determined using ICU 

records and the hospital electronic Patient Administration System (PAS).  

Length of ICU stay was recorded as the total number of full and part days 

that the patient was present on the unit.  For example a patient admitted 

on a Monday afternoon, and transferred to a ward on the following Friday 

morning would be recorded as having a five-day ICU stay, with Monday 

being day 1.  Total hospital stay was similarly recorded.  PAS was used to 

determine if patients had survived for 28 days and 90 days following their 

discharge from the ICU, regardless of whether or not they remained a 
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hospital inpatient.  In one case a patient was transferred to a ward at 

another hospital and therefore information for total length of hospital stay 

was not available. 

 

Use of vasopressors, inotropic drugs and enteral or parenteral feeds was 

determined from electronic ICU records, as recorded on patient 

observation charts by nursing staff.  The day at which a full feed was 

achieved was recorded when the patient had tolerated twenty-four 

consecutive hours of enteral or parenteral nutrition at the target rate 

specified by ICU enteral feeding protocol or as recommended by the 

dietitian.  Copies of ICU feeding protocols for enteral and parenteral feeds 

are shown in Appendix 4.  Nutritional information for the feeds used was 

gathered from product information provided by manufacturers and from 

the composition of parenteral nutrition bags as made by the hospital 

pharmacy aseptic unit.  Feed manufacturers were contacted and asked to 

confirm that there had been no changes to the nutritional composition of 

the feeds used over the study period.  Nutritional information for enteral 

and parenteral feeds is available in Appendix 5. 

 

Some estimation was required of the nutritional value of food and drink 

items consumed by patients who were able to eat and drink.  Initial oral 

intake for patients commencing this was usually sips of water or diluted 

orange squash.  These were disregarded when calculating intake of 
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thiamine and trace elements as the content was zero or negligible 

amounts only according to McCance & Widdowson’s Composition of 

Foods (FSA, 2002).  Portion sizes of food items consumed were 

estimated using Food Portion Sizes (FSA, 1994).  For one patient, who 

was taking oral diet throughout their ICU admission, food record charts 

were incomplete for several days, intake often being recorded as “full 

breakfast” or “dinner taken well”.  Therefore Microdiet computer software 

(Downlee Systems Limited) was used to analyse the trace element 

content of the diet on days where it had been fully recorded, and the 

mean average intake of selenium, copper, zinc and thiamine on those 

days was multiplied by the total number of days that the patient was 

taking oral diet in ICU to calculate the total intake over their whole stay in 

ICU.  Table 1 shows the trace element and thiamine content of some of 

the food items typically consumed by ICU patients. 

 

Due to the retrospective nature of the study some assumptions had to be 

made regarding the data where it was not fully recorded.  Volumes of 

infusions such as feed and drugs given in ICU were recorded in ml/hour 

on patient observation charts on an hourly basis.  The rate was 

sometimes altered within the hour-long period and where this had been 

done, a mean average of the rates recorded was used. Total volumes of 

infusions of feed and medications were recorded for each full or part day 
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in ICU and used to calculate total intake per day.  These results were then 

averaged per ICU day. 

 

Table 1. Micronutrient composition of food and drink items typically 

consumed by ICU patients. 

Item Amount Description Coppe
r mg 

Seleniu
m µg 

Zinc 
mg 

Thiamine 
mg 

Semi-
skimmed 
milk 
 

100ml Using a specific 
gravity of 1.034 Tr 0.97  0.39  0.03 

  100g With cereals Tr 1 0.4 0.03 
Squash, 
made up  100 g 50g concentrate to 

200ml water 0 0 0 0 

Tea  100g 
Average infusion 
with semi-skimmed 
milk 

0.01 Tr 0.1 0.01 

Coffee  100g 
Average infusion 
with semi-skimmed 
milk 

Tr Tr 0.1 0.01 

White bread 100g Sliced 0.14 6 0.8 0.24 
 31g Medium slice 0.04 1.86 0.25 0.07 
Ready Brek 100g  0.41 3 2.7 1.20 

 40g  Medium portion 
made up = 180g 0.16 1.2 1.08 0.48 

Weetabix 100g  0.54 2 2.0 1.20 
 40g 2 biscuits 0.22 0.8 0.8 0.48 

Porridge 100g Made with milk and 
water 0.06 Tr 0.6 0.07 

 160g Medium portion 0.1 - 1.0 0.11 

Soup 100g Vegetable, 
homemade 0.02 Tr 0.1 0.07 

 220g Medium average 
portion 0.04 - 0.22 0.15 

Ice cream 100g Dairy, vanilla Tr 2 0.3 0.1 
 60g Tub - 1.2 0.18 0.06 
Trifle 100g Fruit, retail 0.02 2 0.3 0.12 
 113g  individual portion     
Nutritional information adapted from (FSA, 2002). Tr = trace amount. 

 

Blood results were obtained from case notes, ICU records and the 

hospital computer database.  Measures of plasma albumin, prealbumin 
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and creatinine were recorded for assessment of inflammation and renal 

function, and to determine any effect of plasma dilution on the results.  C-

reactive protein (CRP) values were recorded as a measure of the extent 

of inflammation and metabolic stress.  Liver function tests included 

plasma levels of alkaline phosphatase (ALP), alanine aminotransferase 

(ALT), total bilirubin and total protein.  These were required to exclude any 

cholestatic jaundice, which might positively impact on copper retention 

(Ferrenci, Zollner, & Trauner, 2002).  The reference ranges of the hospital 

laboratory were used to indicate normal levels, and are shown in Table 2. 

 

Table 2. RLUH reference ranges for haematology and biochemistry 

results. 

 Reference range 

Test Males Females 

Haemoglobin (g/dL)a 13.3-16.7 11.8-14.8 

Haematocrit (%)a 39.0-50.0 36.0-44.0 

Total Protein (g/L)b 64-83 64-83 

Albumin (g/L)b 34-45 34-45 

Alkaline Phosphatase (U/L)b 35-125 35-125 

Alanine Aminotransferase (U/L)b <35 <35 

Total Bilirubin (µmol/L)b 2-17 2-17 

Creatinine (µmol/L)b 50-130 50-130 

Zinc (µmol/L)b 12.7-20.2 12.7-20.2 

Selenium (µmol/L)b 0.7-1.6 0.7-1.6 

Copper (µmol/L)b 12.1-20.9 12.8-24.7 

Prealbumin (g/L)b 0.15-0.4 0.15-0.4 

C-Reactive Protein (mg/L)b <5 <5 

Thiamine (nmol/L)a 66-200 66-200 
a based on whole blood sample.  b based on plasma sample. 
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On the ICU at RLUH usual practice was to take blood samples from 

patients daily for immediate testing at the onsite laboratory.  

Haematological and biochemical variables were checked daily.  These 

included haemoglobin and haematocrit levels, total protein and albumin 

levels and liver function tests.  Usual ICU procedures for assessing 

plasma trace element levels including selenium, zinc and copper were to 

request blood samples to be tested for these variables once weekly.  This 

also applied to prealbumin and CRP levels, however CRP was checked 

more frequently if clinically indicated.  Where multiple values for any one 

variable were recorded on a particular day, the mean average was 

calculated and used.  Where a range was given (e.g. <5) the mid-point of 

the range was used.  Mean values of results for each variable were 

calculated per day of ICU stay for each patient. 

 

2.3 Selection of matched controls 

Wardwatcher computer software (Critical Care Audit Limited) was used to 

find matched controls for each subject using gender, age, APACHE II 

score and primary diagnosis information.  After difficulties achieving this 

for patients treated on the unit within the same thirteen-month time frame, 

the date range allowed was extended to include all ICU patients on the 

system from 2003 onwards in order to achieve the best possible match.  

Following verbal communication with senior medical staff it was concluded 
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that there had been no major changes in practice within this period that 

would invalidate the results.  It was necessary that the controls had also 

had all the relevant information recorded including blood results for trace 

element levels in order to allow comparison with the subject group. Of the 

controls initially identified, six were unsuitable due to lack of availability of 

all the necessary blood results to enable them to be compared adequately 

to CIP patients.  Therefore the controls were re-selected to the next 

closest match with all the necessary information available. 

 

2.4 Statistical analysis 

Data was analysed using SPSS version 17 (SPSS Inc., Chicago).  The 

Chi-squared test was used to determine any difference in diagnosis 

between the CIP patients and the controls.  The non-parametric Wilcoxon 

signed ranks test for paired data was used to compare results for other 

variables of patients who developed CIP to those of controls. 

 

 




