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Abstract 

Food in the intestine drives the enterohepatic circulation of bile components. We investigated 

whether parenteral or enteral delivery of nutrients alters serum and biliary lipids in critically ill 

patients. Eight intensive care unit (ICU) patients who had received at least 5 days of TPN were 

compared with eight ICU patients who had fasted for at least 5 days. Both groups were studied 

before and after 5 days of enteral nutrition (EN). Each patient served as his own control. Duodenal 

bile was analyzed for biliary lipid content and serum lipids were determined simultaneously. 

Duodenal bile samples from 18 healthy persons served as controls. Bile salt concentrations in all 

ICU patients were 17% of control values before EN (p<0.005) and 34% after 5 days EN 

(p<0.005). Phospholipid concentrations were 12% of control before EN (p<0.0005) but 

increased almost fourfold after EN (p<0.0005). Biliary cholesterol concentrations were 20% of 

control values before EN (p<0.001) and did not improve afterwards. No difference was observed 

in bile composition between TPN- and non-fed ICU patients. The inverse correlation between the 

severity of illness and biliary lipid concentrations observed before EN disappeared with enteric 

stimulation. The low serum concentrations of HDL cholesterol and apolipoprotein A-l increased 

significantly with EN in all ICU patients. 

Lack of enteral nutrition during critical illness is associated with profound decrements in biliary 

lipid concentrations that normalize partially after 5 days of enteral nutrition. We hypothesize that 

loss of enteric stimulation in ICU patients impairs hepatic lipid metabolism. 
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Introduction 

The liver and the intestine both play key roles in the regulation of cholesterol metabolism. Newly 

synthesized cholesterol in the liver can be secreted into the circulatory system in the form of 

lipoproteins and into the intestine as biliary cholesterol and bile salts. Within the intestine, biliary 

cholesterol accounts for two-thirds of the cholesterol absorbed daily, the remainder being dietary 

cholesterol. Other bile components such as bile salts are also reabsorbed after secretion into the 

intestine by an active transport mechanism in the terminal ileum. Only a small amount of 

cholesterol is lost daily by fecal disposal of bile salts or by epithelial sloughing. The liver replaces 

this loss of lipids by de novo synthesis of cholesterol14. The cycling of cholesterol and bile salts 

between the intestine and the hepatobiliary system is a continuous process mediated mainly by the 

presence of food in the intestine3. Absence of intraluminal nutrients leads to an interruption of this 

enterohepatic circulation and may affect hepatic cholesterol metabolism6"8. In addition to alterations 

in biliary lipid metabolism, changes in serum cholesterol and lipoprotein turnover may occur3. 

The effect of enteral fasting on biliary lipid metabolism during total parenteral nutrition (TPN) has 

been investigated in several animal studies9'12. TPN impaired bile flow and altered bile 

composition in rats, rabbits and newborn piglets. Reduced concentrations of all bile constituents 

were observed and the composition of bile was also changed; phospholipid and cholesterol 

secretion were relatively more impaired than was bile salt secretion10. In a model of TPN-induced 

cholestasis in newborn piglets, TPN produced a state of functional cholestasis that extended into 

the period after TPN feeding in the animals". These observations indicate that interruption of 

enterohepatic circulation during administration of TPN affects biliary lipid secretion. The effect 

of TPN on serum cholesterol and lipoprotein concentrations was not analyzed in those studies. 

Many patients admitted to an intensive care unit (ICU) are initially starved or given TPN. The 

interruption of enterohepatic circulation in these patients may alter serum cholesterol and biliary 

lipid composition. During critical illness plasma concentrations of cholesterol and lipoproteins are 

extremely low1314. In addition to lack of enteral nutrition, many factors may operate 

simultaneously in these critically ill patients: e.g. infection, administration of antibiotics, bacterial 

overgrowth in the intestine and the development of multiple organ failure (MOF). 

We hypothesized that lack of enteral nutrition is an important factor in the alterations in hepatic 

cholesterol metabolism during critical illness. We therefore compared the effect of five day period 
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of enteric starvation on serum and biliary lipid concentrations in critically ill patients with or 

without TPN. Subsequently, the effect of a five day period of enteral nutrition on biliary and 

serum lipid concentrations was investigated in the same patients. 

Table 1. Clinical characteristics of the ICU patients1 

Feeding type, patient, sex age weight diagnosis multiple organ 

yr kg failure score2 

TPN-fed patients 

1, M 80 72 vascular surgery 18-* 4 

2, M 66 77 thoracic aneurism 16-» 10 

3, F 68 83 thoracic aneurism 14-»8 

4, M 72 112 abdominal aneurism 6 - » 0 

5, F 39 55 aneurisms (S.Marphan) 20-» 16 

6, M 62 82 septic shock 10-»2 

7, F 53 66 septic shock 16-» 12 

8,M 57 55 septic shock 12-+2 

Mean 62 75 14-»7 

Range (39-72) (55-112) 

Non-fed patients 

9, F 64 90 vascular surgery 20-» 12 

10, M 78 80 vascular surgery 18 -»6 

11, M 80 80 vascular surgery 12-» 12 

12, M 44 95 abdominal aneurism 18 -»24 

13, M 64 80 pneumonia/ARDS 8 - » 8 

14, M 82 100 pneumonia/ARDS 18-» 16 

15, F 19 54 brain injury/Coma 10-* 4 

16, M 20 70 Guillain Barré o-»o 

Mean 56 81 13-» 10 

Range (19-82) (54-100) (24 -» 0) 

AU patients 

Mean 59 78 14-»9 

Ranae (19-82) (54-112) 

TPN, total parenteral nutrition; ARDS, adult respiratory distress syndrome. There were no significant 
differences in clinical characteristics between the TPN fed and the non-fed group. 
Values are before enteral nutrition —» after enteral nutrition; maximum (worst) score = 24. 
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Results 

Clinical characteristics 

The clinical characteristics of the 16 study patients are given in Table 1. Patients in the TPN-fed 

and the nonfed group did not differ significantly in age, weight or gender. Despite the different 

diagnoses and the various clinical conditions of the individual patients, the MOF scores15 revealed 

that there was no difference in the degree of illness between the 2 groups before enteral nutrition 

at entry into the study. The clinical condition of most patients (13 of 16) improved during their 

stay at the ICU (mean MOF score improved from 14 to 9), although there was variation between 

and within the 2 groups. The initially nonfed group tended to improve less (MOF score from 13 

to 10) than the TPN-fed group (from 14 to 7), although this difference was not significant. 

Serum analysis 

Because the biochemistry of the TPN-fed and the nonfed groups was not different before and after 

enteral nutrition, mean values + S.E. of all ICU patients are given together in table 2. Alanine 

aminotransferase and aspartate aminotransferase activities were not elevated during the stay at the 

ICU. Serum alkaline phosphatase, y-glutamyltransferase, bile salts and total bilirubin were slightly 

elevated compared with the reference values of our laboratory. There was not a significant 

influence of enteral nutrition on any of these values. 

Table 2. Liver serum enzymes activities of intensive care patients before and after 5 days of enteral 

nutrition'. 

before after reference 

enteral nutrition enteral nutrition value 

alanine aminotransferase (U/L) 40 ± 92 3 7 + 6 < 37 

aspartate aminotransferase (U/L) 48 ± 22 52 + 13 < 47 

alkaline phosphatase (U/L) 101 + 13 118 + 16 26 - 103 

y-glutamyltransferase (U/L) 80 ± 64 118 ± 16 < 70 

bile salts (^mol/L) 18 + 5 1 8 + 9 < 5 

bilirubin (ftmol/L) 3 6 + 1 1 32 ± 10 < 17 

'There was no difference between the patients given total parenteral nutrition and those fed nothing before 
the start of enteral nutrition so the groups were combined (n = 16). There was no significant influence of 
enteral nutrition on any of these serum liver enzymes. 2mean + SE. 
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Serum lipids. 

The mean serum lipid values of all ICU patients before and after enteral nutrition are shown in 

Table 3. Before enteral nutrition was started, serum total cholesterol, LDL-cholesterol, HDL-

cholesterol, and apolipoprotein B concentrations were all below the normal reference range of our 

laboratory. Apolipoprotein A-l was close to the normal range and serum triacylglycerol was 

normal. With enteral nutrition, HDL-cholesterol and apolipoprotein A-l concentrations increased 

significantly (P < 0.02) but serum total cholesterol, LDL-cholesterol, apolipoprotein B and serum 

triacylglycrol were unaffected. 

Table 3. Serum lipid concentrations of intensive care patients before and after 5 days of enteral nutrition' 

before after reference 

enteral nutrition enteral nutrition value 

total cholesterol (mmol/L) 2 . 7 2 + 0 . 3 2.66 + 0.2 3.7-6.5 

HDL(mmol/L) 0.52 ±0 .1 0.73 ± 0 . 1 2 0 .9-1.9 

LDL (mmol/L) 1.47 + 0.2 1.38 + 0.2 1.7-3.8 

Triacylglycerol (mmol/L) 1.61 + 0.3 1.42 + 0.2 0.4 - 2.0 

Apolipoprotein A-l (g/L) 0.59 + 0.1 0.71 ± 0.12 0 .6-1.4 

Apolipoprotein B (g/L) 0.75 + 0.1 0 .73+0 .1 1.1-2.1 

'There was no difference between the patients given total parenteral nutrition and those fed nothing before 
the start of enteral nutrition so the groups were combined (n = 16). Total Cholesterol, HDL and LDL 
were beneath the lower reference range. 2HDL and Apo A-l increased significantly with EN (P<0.02) 

Bile analyses 

The total bile volume that was collected after cholecystokinin stimulation was 32 + 8 ml before 

the start of enteral nutrition and increased to 56 + 8 ml bile after 5 days of enteral nutrition. In 

Fig. 1 (A-C) the bile constituents are given for each ICU patient before and after five days of 

enteral nutrition. There were no significant differences in bile salt (5.79+1.74 compared with 

7.71 ±3.09 mmol/L), phospholipid (0.73+0.30 compared with 1.22+0.39 mmol/L), or 

cholesterol (0.64 0.26 compared with 0.74+0.23 mmol/L) in the TPN-fed compared with the 

nonfed patients before the initiation of enteral nutrition. This did not change with enteral nutrition, 

although the TPN-fed group had a smaller increase in bile salt concentration than the nonfed group 

(8.83 + 1.60 compared with 13.71+2.65 mmol/L). 
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Fig.l. Duodenal bile 
composition in intensive care 
patients (ICU) before and 
after 5 days of enteral 
nutrition. A-C: data for 
individual patients. Open 
squares: ICU patients fed 
total parenteral nutrition 
(TPN) (n = 8), filled squares: 
nonfed ICU patients (n = 8). 
Mean (± SD) bile salt and 
phospholipid, but not 
cholesterol concentrations, 
increased significantly with 
enteral nutrition. * P < 
0.005, ** P < 0.001. D-F: 
because there was no 
difference between TPN-fed 
and nonfed patients, the 2 
groups were combined 
(n=16) and compared with 
control subjects (n=18); 
open bars: control subjects; 
hatched bars: ICU patients 
before enteral nutrition; 
double hatched bars: ICU 
patients after enteral 
nutrition. Bile salts were 
83% lower, phospholipid 
were 88% lower and 
cholesterol was 80% lower 
in ICU patients before 

enteral nutrition, 
0.005. 

P < 

before after 

enteral nutrition 

controls intensive care patients 
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Therefore, we combined the data of the 2 groups (16 patients) and compared these with the bile 

analyses of the 18 healthy control subjects. In Fig. 1 (D-F), the concentrations of all biliary lipids 

in ICU patients were markedly reduced before enteral nutrition compared with control subjects 

(p < 0.005). Mean bile salt concentrations were 17% of control values before enteral nutrition 

but more than doubled after 5 days of enteral nutrition (p < 0.005), although they were still 40% 

of control values. Biliary phospholipid concentrations were initially only 12% of control values 

but more than tripled after enteral nutrition to 40% of control values (p < 0.005). Breakdown of 

phospholipids by pancreatic enzymes was minimal because phospholipid concentrations in bile did 

not differ substantially from total phosphate concentrations. In all ICU patients, biliary cholesterol 

concentrations were only 20% of control values before enteral nutrition and did not improve 

significantly afterwards. 

The total lipid content of bile (combined group of 16 ICU patients) was 4,3 + 1,0 g/L before 

enteral nutrition was initiated (Table 4). A slight but significant increase in total lipid content was 

observed with 5 days of enteral nutrition (9,6 + 1,9 g/L, p = 0.04). Because total lipid content 

of all bile samples was below 20 g/L on Carey's critical tables, cholesterol saturation indexes 

(CSIs) were calculated by assuming a total lipid content of 100 g/L. The elevated CSI in bile (2.18 

± 0.27) normalized with enteral nutrition (1.02 + 0.07; P = 0.001). 

Table 4. Cholesterol Saturation Indexes (C.S.I.) and total lipids measured in bile of intensive care patients 

before and after 5 days of enteral nutrition'. 

before after 

enteral nutrition enteral nutrition p-value 

C.S.I. 2.18 ±0.27 1.02 + 0.07 p = 0.001 

Total lipids (g/L) 4.3 + 1.0 9.6 ± 1.9 p = 0.04  

'There was no difference between the patients given total parenteral nutrition and those fed nothing before 
the start of enteral nutrition so the groups were combined (n = 16). The CSI was calculated according to 
Carey's critical tables34, by assuming a total lipid content of 100 g/L. 
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Biliary lipid concentrations in ICU patients 

after 5 days enteral nutrition 

multiple organ failure score [A.U.J multiple organ failure score [A.U ] 

Fig.2. The relationship between the severity of illness and biliary bile salt concentrations before (A) and 
after (B) 5 days enteral nutrition in intensive care (ICU) patients. The severity of illness was rated with 
multiple organ failure (MOF) score15 based on the function of 6 vital organ systems with a maximum of 
24 points. Abscissa values (open, patients fed TPN, closed: nonfed patients) represent the individual total 
MOF scores of the ICU patients (n= 16). As critical illness worsened before enteric stimulation, biliary 
bile salt concentrations rapidly declined(A). This correlation disappeared after 5 days enteral nutrition (B). 

We investigated whether changes in biliary lipid concentrations in ICU patients could be related 

to the degree of critical illness in each patient measured by the MOF score. Before enteral 

nutrition was initiated (in the nonfed or TPN-fed state) critical illness correlated inversely with 

biliary bile salt concentrations (Fig.2A). When illness worsened, bile salt concentrations decreased 

(regression coefficient of 0.82, P < 0.05). This correlation with illness remained when the data 

point for an outlier patient was removed from the figure. After 5 days of enteral nutrition there 

was no longer a correlation between degree of illness and biliary bile salt concentrations (Fig.2B). 

controls intensive care patients 

Fig.3. The cytotoxicity of bile, as measured 
by the ratio of bile salt to phospholipid 
(BS:PL), before and after 5 days of enteral 
nutrition in intensive care unit (ICU) 
patients. The higher the ratio, the more 
cytotoxic is bile. Open bars: control 
subjects, hatched bars: ICU patients before 
enteral nutrition, double hatched bars: ICU 
patients after enteral nutrition. Before the 
start of enteral nutrition, ICU patients 
(n= 16) had elevated BS:PL compared with 
control subjects (n = 18). ' Significantly 
different from control subjects and values in 
ICU patients before enteral nutrition, P < 
0.05. 
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Phospholipid and cholesterol inactivate the detergent action of bile salts and thereby protect the 

biliary epithelium5. An increase in the ratio of bile salts to phospholipids (BS:PL) may therefore 

lead to hepatobiliary disorders. Before the start of enteral nutrition, the mean BS:PL ratio was 

considerably elevated in ICU patients compared with the BS:PL ratio in control subjects (16.3 ± 

6.5 compared with 5.0 ± 3.6, P <0.05) (Figure 3). but normalized to control values after five 

days of enteral nutrition (5.7 ± 0.8). The types of bile salts were also analyzed for a change in 

bile salt composition. There were no significant alterations in bile salt composition, nor in the ratio 

of glycine to taurine conjugates, before or after enteral nutrition. The reduction in biliary bile salt 

concentrations was associated with an increase in fasting serum bile salt concentrations, which are 

normally below 5 /xmol/L (Figure 4). 

Fig.4. Bile salt 
concentrations in bile of 
intensive care patients 
(n=16) versus bile salt 
concentrations in serum. 
Filled symbols: before 
enteral nutrition, open 
symbols: after 5 days 
enteral nutrition. Serum 
values decreased as 
biliary bile salts 
increased. 

10 20 30 

bile salts in bile [mmol/L] 

Discussion 

This is the first study in humans to investigate the role of nutrition on biliary and serum lipid 

composition during critical illness. Our study generated the following conclusions: 1) Compared 

with control subjects, critically ill patients had profound decrements in biliary lipid concentrations 

and reduced serum lipid concentrations. 2) These reduced lipid values in serum and bile were not 

prevented by the administration of TPN. 3) Five days of enteral nutrition partially restored biliary 

lipid concentrations, irrespective of the clinical condition of the ICU patient. 

Before the start of enteral nutrition, biliary bile salt and cholesterol contents were markedly 

reduced. Serum lipids, except triglycerides were also considerably depressed. Two factors seem 

to be associated with the observed alterations: the severity of illness and the lack of enteral 
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nutrition. Before the initiation of enteral nutrition, critical illness negatively affected biliary lipid 

concentrations and bile salt concentrations in bile were negatively correlated with the MOF scores. 

Despite the range in severity of illness and divergent underlying pathophysiologic conditions, 

similar alterations in biliary and serum lipids were observed in the ICU patients. Restoration of 

enteric stimulation by 5 days of enteral nutrition improved biliary lipid concentrations in most 

patients. Even patients with unchanged or deteriorating multiple organ failure showed improved 

biliary lipid concentrations after enteral nutrition. This emphasizes the importance of enteric 

stimulation during critical illness. 

Biliary secretion studies are extremely difficult to perform in ICU patients, so we had to use 

biliary lipid concentrations as an index of biliary lipid output. Measurements of these biliary lipid 

concentrations could have been influenced by absorption of water or bile constituents in the 

gallbladder16"18, impaired gallbladder emptying, or dilution in the duodenum. Despite these 

limitations, similar changes were observed in the bile of ICU patients before and after 5 days of 

enteral nutrition. 

An explanation for the marked decreases in biliary lipid concentrations in our ICU patients could 

be that development of MOF during critical illness down-regulates synthesis and secretion of bile 

salts1921. The rate-limiting enzyme in bile salt synthesis, cholesterol 7a-hydroxylase, is down-

regulated by several inflammatory mediators19. The low cholesterol concentrations in both serum 

and bile are compatible with a decrease in hepatic synthesis. Hepatocyte sinusoidal bile salt 

transporters are also down-regulated during sepsis2021. Another mechanism for altered bile 

composition could be that the interruption of the enterohepatic circulation in these ICU patients 

results in decreased release of gastrointestinal hormones such as secretin and cholecystokinin. Less 

cholecystokinin stimulation would lead to diminished gallbladder emptying, sludge formation or 

sluggish intestinal motility22"24. Diminished circulation of bile salts from the gut to the liver would 

decrease the total pool of bile salts normally secreted into bile. Surprisingly, there was no 

difference in bile salt composition (various species and conjugates) in these ICU patients with 

enteral nutrition. The continuous use of broad-spectrum antibiotics in ICU patients may explain 

this observation. 

Before the start of enteral nutrition reduced amounts of all bile constituents was observed, with 

a more prominent decrease in phospholipids than in bile salts. Similar changes in bile composition 

due to lack of enteral nutrition, like during TPN administration, were also observed in several 
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animal studies10 ". Molecular evidence for diminished phospholipid transport into bile after 7 days 

TPN administration was provided by a 50% reduction in expression of the phospholipid 

transporter126. No signs of liver pathology could be detected however after this short period of 

TPN26. It was postulated in that study that the observed decline in expression of the phospholipid 

transporter might be an early event in the eventual development of TPN-associated hepatobiliary 

disorders. In our ICU patients, a similar decline in phospholipid concentration in bile was 

measured after the relatively short period of 5 days TPN. The BS:PL ratio more than tripled 

before enteral nutrition. A relatively short period of 5 days enteral nutrition normalized the BS:PL 

ratio again, implying that enteric stimulation also normalizes the relative composition of bile. 

However, total biliary lipid concentrations remained low. We hypothesize that longer 

administration of enteral nutrition would have fully normalized biliary lipid output. 

The reduced serum total cholesterol and HDL-cholesterol concentrations we found agree with 

earlier reports of hypolipidemia during critical illness1314. The simultaneous decreases in biliary 

cholesterol and phospholipid concentrations during our study shed new light on this phenomenon. 

HDL plays an important role in controlling serum and biliary phospholipid and cholesterol 

concentrations27"29. Phospholipids and cholesterol transported by HDL to the liver are mainly 

secreted into bile27'28. Low HDL-cholesterol concentrations observed in the serum of our ICU 

patients could result in reduced transfer of phospholipids and cholesterol back to the liver and 

subsequently less secretion into bile. Conversely, the low HDL-cholesterol values in serum might 

be a consequence of decreased uptake of cholesterol and phospholipids in the intestine due to 

impaired biliary secretion of cholesterol and phospholipids. The nature of the disturbed relation 

between the enterohepatic circulation of biliary lipid constituents and serum HDL needs to be 

clarified in ICU patients. 

In conclusion, we investigated biliary and serum lipid composition during critical illness and 

determined the effects of different nutrition strategies on these variables. Lack of enteral nutrition, 

irrespective of prior TPN, contributed to markedly reduced concentrations of bile salts, cholesterol 

and especially phospholipids in bile, and to hypolipidemia. These effects occured rapidly and were 

partially restored after five days of enteral nutrition. We hypothesize that loss of enteric 

stimulation is a major contributing factor in the observed alterations in hepatic lipid metabolism 

in ICU patients. 
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Subjects & Methods 

Patients 

This study was approved by the ethical committees of the Academic Medical Center of the University of 

Amsterdam. After informed consent was obtained from patients or their closest relatives, patients admitted 

to our ICU were included in the study. Each patient, in the TPN-fed state or nonfed state for at least 5 

days, was included in the study the moment enteral nutrition was started via a jejunal feeding tube. The 

jejunal feeding tube was placed only for the following medical indications: severe gastrointestinal retention, 

gastroesophageal reflux or the risk of aspiration pneumonia. Exclusion criteria were acute hepatocellular 

diseases, cholelithiasis, previous cholecystectomy, administration of hepatotoxic drugs, acute pancreatitis 

and age less than 18 years. Data were collected according to a standardized protocol and included age, 

gender, reason for admission to the ICU, medical indication for placement of the jejunal feeding tube, 

patient history and use of medication. Respiratory, cardiovascular, renal, hepatic, hematologic and 

neurologic function were evaluated by the scoring system of Marshall et al15 at the beginning and end of 

the study. This MOF score has a maximum of 24 points and gives an impression of the degree of illness 

in ICU patients. Over a period of one year, 20 patients were initially included in the study of whom 4 were 

excluded: 2 died, 1 was switched to oral nutrition within 5 days and discharged from the ICU and 1 patient 

did not discharge bile into the duodenum after cholecystokinin administration. Data analysis was performed 

on the results from the remaining 16 patients. 

Study design 

ICU patients were initially given TPN for at least 5 days (TPN-fed; n = 8) or received no nutrition at all 

other than 5% intravenous glucose (non-fed; n = 8). The TPN-fed patients received 1 L of TPN solution 

which contained 70 g amino acids and 240 g glucose per liter, minerals, trace elements and vitamins 

(Nutriflex; Vifor; Switzerland). In addition, 500 mL of lipids (20%, Intralipid; Pharmacia; Woerden, 

Netherlands) was given every 24 hours. All patients entered the study just before the initiation of enteral 

nutrition via a jejunal feeding tube, placed endoscopically. TPN administration was stopped the same day 

at midnight. Enteral nutrition was started after bile and serum sampling the next morning at 0700. In this 

way, samples were taken from patients in the postabsorptive state. Enteral nutrition started at a rate of 20 

mL/h and was increased by increments of 20 mL/12h to 80 mL/h within 48 hours. Each liter of enteral 

nutrition contained 40 g amino acids, 123 g glucose and 39 g fat (Nutrison; Nutricia; Zoetermeer; 

Netherlands) together with minerals, trace elements and vitamins. On the fifth day enteral nutrition was 

interrupted at midnight and restarted after the second bile sampling at 0700 the next morning. According 

to this study design, each patient was sampled 2 times, before and after enteral nutrition, and served as 

his or her own control. Duodenal bile, collected from 18 healthy persons after they had fasted overnight, 

served as control samples (10 men and 8 women with a mean age of 39 years). 

Serum and bile sampling 

Blood samples were obtained via intraarterial tubes before and after 5 days of enteral nutrition, just prior 

to each bile sampling. A double-lumen jejunal feeding tube was specially designed for this study. Two 
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tubes were glued together at a distance such that, with proper positioning, the distal tube (lenght: 125 cm) 

was placed beyond Treitz' ligament for enteral feeding and the proximal tube (length: 100 cm) was placed 

at the papilla of Vater for bile sampling. The position of the feeding tube was confirmed by X-ray the first 

day and again after five days, before bile sampling. Gallbladder contraction was induced by intravenous 

injection of cholecystokinin ( 0.05 /xg/kg; Takus; Pharmacia; Woerden; Netherlands), after which 

duodenal bile was aspirated. The bile was collected on ice for more than one hour in fractions of ten 

minutes each. In each fraction the pH was determined and lipids were removed from 1 ml bile immediately 

at the ICU in 3 ml choloroform-methanol (1:3). The bile fraction containing the highest concentration of 

bile salts was used for lipid analysis. The remaining bile was stored at - 20°C. 

Serum and bile analysis 

Serum liver enzyme activities (alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, 

y-glutamyltransferase) and total bilirubin and serum lipids (total cholesterol, triacylglycerol, HDL, LDL 

and apolipoproteins A-l and B) were determined by routine laboratory tests. Total bile volume and 

concentrations of bile salts, phospholipids, cholesterol and total phosphate were measured using standard 

procedures30'32. Bile salt species were analyzed by HPLC as described by Ruben and van Berge-

Henegouwen33 and modified as follows: samples were diluted 1:200 in eluent (60% methanol, 3 mmol 

K;HP04/L, pH 3.75) and 20 iiL of this sample was injected into the HPLC column (C,8 Chromspher, 5 

iiim; Chrompack with a flow of 800 /xl/min; Chrompack, Middelburg, Netherlands). Peaks were 

quantitated by using an ultraviolet detector at 205 nm. Cholesterol saturation indices were calculated 

according to Carey's critical tables34 assuming a total lipid content of 100 g/L. 

Statistical Analysis 

Data are given as means ± S.E. Statistical comparisons between the groups were performed with an 

unpaired, nonparametric Mann-Whitney two-sample test. A paired nonparametric Mann-Whitney test was 

used within each group. Linear regression analysis was performed by using SLIDE WRITE 3.0 for 

WINDOWS (Advanced Graphics Software, Carlsbad, CA). P < 0.05 was considered to represent 

statistical significance. 

We thank all the physicians and nurses of the Department of Gastroenterology and the Intensive Care Unit 

for their assistance with this study. 
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