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Bio-ecological control of perioperative
and ITU morbidity
The majority of patients suffering critical illness have a failing
immune system before the acute critical illness occurs. About
half of the patients affected by sepsis are in the age group of
>65 years, and 48% of the patients are neutropenic.1,2 Both
flora and lining mucosal cells have endocrine functions and
they produce and also respond to hormones. The gastrointestinal (GI) tract contains 100 million neurons, which is
equal to the number of neurons in the spinal cord, distributed
through all layers of the GI tract,3 and exerting strong effects
on both immune cells and flora, thereby affecting homeostasis
of the immune system and resistance to disease.

A

series of experiments has demonstrated an increase
of up to 100,000-fold (5 logs of order) in growth of
Gram-negative bacteria exposed to noradrenaline
(Lyte’s 2004 article4 explains a relatively old observation of
significantly higher blood levels of noradrenaline and
adrenaline in patients who develop severe septic conditions
compared to patients with an uncomplicated postoperative
course.5) Increased luminal release of noradrenaline is a
strong inducer of increased virulence of luminal bacteria.6
Potentially pathogenic micro-organisms (PMMs), normally indolent colonisers, will under stress change their phenotype and become life-threatening pathogens.7

DETERMINANTS OF OUTCOME
Two factors are the main determinants of outcome for
patients in severe medical and surgical emergencies as well as
after extensive surgery: the premorbid health condition and
the determination and efficacy with which early treatment is
instituted. Increasing evidence suggests a clear association
between the extent of the acute phase response during the
period of early physical and mental stress, the nervous phase,
and the extent of development of immunoparesis during the
subsequent so-called immune phase – the more pronounced
the inflammatory response, the deeper will be the subsequent
immunoparesis. The nervous phase is characterised by a fast
and high increase especially in proinflammatory cytokines
and acute phase proteins, but also in inflammatory cells, particularly neutrophils. Repeat measurements of cytokines
were carried out in an Austrian study during different stages
of liver transplantation: if IL-6 and TNF-α were increased
more than sixfold by the end of the operation, then the
patients always developed postoperative infections.8

OVERREACTING NEUTROPHILS
Severe trauma, major surgery and severe sepsis will, in parallel with a significant decrease in lymphocytes, induce a significant, sometimes disproportionate, increase in circulating
and tissue neutrophils accompanied by a persistent decline in
T-4 helper lymphocytes and elevation of T-8 suppressor lymphocytes.9 It is suggested that a T-4/T-8 lymphocyte cell ratio
of <1 is a sign of severe immunosuppression and prediction
of complications such as multiple organ dysfunction syndrome, as observed in patients with myocardial infarction,
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acute pancreatitis, multiple severe trauma and in oncology
ICU patients.10 A large and early increase in circulating neutrophils is accompanied by tissue infiltration of neutrophils,
which are responsible for common posttrauma/postoperative
dysfunctions such as paralytic ileus,11,12 bone marrow suppression, endothelial cell dysfunction. It also often leads to tissue destruction and organ failure, particularly in lungs,13-15
intestines,16 liver17 and kidneys.18 Neutrophil infiltration of
distant organs,19 especially of the lungs,13 is also a characteristic finding of patients dying in sepsis; as much as 20 years
ago this had already been suggested as a consequence of ‘generalised autodestructive inflammation’.19 The extent of neutrophil infiltration is aggravated by mechanical therapeutic
efforts such as handling of the bowels during operation,11 and
ventilation of the lungs.20 Poor nutritional status, pre-existing immune deficiency, obesity, diabetes and high levels of
blood sugar21 all contribute to immune deterioration and to
increased expressions in the body of molecules such as NFκB, COX-2, LOX and iNOS.22,23
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LIMITED NEED OF CALORIE SUPPLY
The early exaggerated acute phase response and cytokine
storm is most pronounced in elderly persons with chronic
diseases, in persons with an unhealthy lifestyle and poor
nutritional habits, and in neutropenic individuals. It may be
made worse by the supply of certain pharmaceuticals including antibiotics, which paralyse immune functions including
macrophage functions. It is also aggravated by an aggressive
supply of nutrients, especially via the parenteral route.
Hyperalimentation should be avoided as administration of
larger amounts of fluid and electrolytes, 24–26 fat,27–29 sugar30,31
and nutrients32,33 increases immune dysfunction, impairs
resistance to disease and increases morbidity. So also does
supply of stored blood. Interestingly, larger amounts of calories seem not to be needed for the first 10–14 days, as demonstrated in two well-designed randomised studies in 300 and
195 patients respectively who underwent major general
surgery.34,35 In the first study, which lasted up to 15 days, supply of transparenteral nutrition (TPN) was compared to infusion of only 1,000 –1,500 kcal/day of glucose. The nitrogen
loss during the first week was reduced to about half in the
glucose-supplied group compared to the TPN group, but no
differences in morbidity or mortality were observed, and
authors concluded ‘overfeeding seems to be a larger problem
than underfeeding’.34 In the second study, conducted at the
Memorial-Sloan-Kettering Cancer Center in New York, the
patients were randomised to either early enteral supplementation with a so-called immuno-enhancing diet (Impact,
Novartis, Horsham, UK) or only IV crystalloid infusions. The
daily intake of calories was low in both groups – 1,000 kcal
and 400 kcal, or only 61% and 22% of defined goals (25
kcal/kg/day). No differences in number of minor, major or
infectious complications, number of wound infections,
mortality or length of hospital stay were observed between
the groups.35
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It is increasingly well understood that early nutrition is
important more for the flora and immune system than for
the body per se, which seems to be the main reason why,
in numerous studies, early enteral nutrition has shown
superiority over parenteral. A controlled study, which
compared enteral nutrition and TPN after liver resection,
found no differences in nutritional parameters – retinol
binding protein (RBP), transferrin, prealbumin, and 3methylhistidine – but huge differences in immune parameters: lymphocyte count (114 vs. 66, p <0.05), PHA
response (103 vs. 78, p <0.05) and natural killer (NK) cells
(106 vs. 49, p <0.05) and outcome, especially septic complications (8 vs. 31%, p <0.05).36

PREVENTING IMMUNOPARESIS
Highest priority should be given, to the greatest extent possible, to avoid or minimise measures that deepen immunoparesis – use of drugs, including antibiotics; parenteral
nutrition, both glucose and macromolecules; stored blood;
drains and tubes – and to reduce mechanical manipulation
of tissues, both surgical and mechanical ventilation.37,38 In
addition, enteral supply of nutrients must be carried out with
care, and nutrition solutions, which increase blood glucose
levels, should be avoided, as hyperglycaemia is associated
with neutrophil dysfunction39 and significantly increases
infection and mortality rates in trauma patients.40
Commercial enteral nutrition solutions rich in proinflammatory molecules, often based dairy-products, should also
be avoided. Total parenteral solutions and some commercial enteral diets have, in animal experiments, been shown
to activate iNOS, disrupting the gut barrier function and the
intestinal microflora, and inducing bacterial translocation.41
There is a possibility that modulating T helper balance
through the neurohormonal and autonomic axis by adjusting food intake may be the mechanism behind other unexplained clinical observations such as the improved outcomes
of ICU patients after enteral versus parenteral feedings.
Hospital-produced nutrition formulas, made of fresh
fruits, vegetables, especially legumes, and fish/meat, probably more suitable for enteral nutrition, have been abandoned by hospitals in the developed world for questionable
reasons of hygiene and efficiency. Controlled clinical studies comparing the effects of standard nutrition solutions and
hospital-made nutrition solutions on immunity and outcome should be undertaken. Attempts must be made to
avoid transfusion of stored blood. A recent meta-analysis,
based on 20 peer-reviewed articles and >13,000 patients,
reports an average 3.5-fold increase in postoperative infections among surgical patients receiving allogenic blood
transfusion.42
Finally, disturbed rest and sleep is associated with elevated levels of inflammatory markers such as IL-6 and
sICAM.43 Promoting vagal and Th1 functions through
moderate feeding, hydration, rest and sleep – i.e. unexplained but widely accepted recommendations for patients
such as those with ‘flu – is certainly beneficial in treatment
of the critically ill.

BIOECOLOGICAL CONTROL
Stress/acute and chronic phase response involves numerous molecules and pathways and affects multiple functions.
Most pharmaceutical attempts to prevent inflammation
have been designed specifically to work against one specific molecule or pathway, which explain why their success,
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both in acute and chronic inflammatory conditions, have
been and will continue to be limited. The body´s acute phase
response has over and over again proven effective to by-pass
pharmaceutically inhibited functions. Bioecological control, e.g. use of antioxidants, anti-inflammatory ω-3 lipid
emulsions, bioactive fibres and probiotic bacteria, has the
advantage of modulating all pathways in parallel. The effects
of antioxidants and ω-3 lipid emulsions remain largely
unexplored. Significant modulatory effects on neutrophils
and morbidity have been observed in the few studies this
far reported in the literature.44-46 Most attempts with
antioxidants have thus far been carried out with regular vitamins, or with glutamine and glutathione. It is important to
recognise that fruit- and vegetable-derived polyphenols
of various kinds sometimes demonstrate up to 10-fold
stronger antioxidative effects. Among these are: resveratrol
from red wine and peanuts; quercetin from apples and
onions; curcumin from turmeric; and many others.
Curcumin is not only a powerful antioxidant but also a natural, very powerful and totally atoxic inhibitor of NF-κB,
COX-2, LOX and iNOS, and has in several experimental
studies shown strong preventive effects in induced diseases,
acute pancreas and liver injuries and chronic diseases such
as Alzheimer’s, cancer and diabetes.47 It is an urgent priority that these compounds are tried also in surgical and critically ill patients. Some bioactive fibres and some probiotic
bacteria have also proven extraordinarily effective in restoring and maintaining immunity and preventing complications. Lactic acid bacteria (LAB) are known to:
• reduce/eliminate PPMs through several well documented mechanisms
• reduce/eliminate various toxins, mutagens, carcino
gens
• promote apoptosis
• synthesise/release numerous nutrients, antioxidants,
growth-, coagulation and other bioactive compounds
• modulate innate and adaptive immune defence
mechanisms.
Recent studies also suggest that LAB:
• promote/maintain gastrointestinal (GI) motility and
prevent GI paralysis and postoperative ileus
• inhibit NF-κB activation
• inhibit constitutive synthesis of IL-8 and synthesis
and secretion of IL-8 induced by TNF-α
• inhibit Cox-2 expression and restore the Cox-1/Cox2 ratio.
Some of the effects are produced by both live and dead
LAB. However, the inhibition of synthesis and secretion
of IL-8 is only induced by live LAB, and not bacterial lysate,
heat-killed or gamma-irradiated LAB. Several modulatory effects are induced by microbial products, such as
butyrate, propionate, pyruvate and sometimes also lactate
and acetate. Butyrate and proprionate for example are
shown to decrease COX-2 expression by 85% and 72%
respectively and increase COX-1 expression by 37% and
23% respectively– effects that were not obtained with
lactate or acetate. Of great interest in this connection
are recent observations by Fink, who observed that
supplemented pyruvate, an effective scavenger of ROS
with strong anti-inflammatory effects, suppresses NF-B
activation, reduces secretion of NO and proinflammato-
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ry cytokines, prevents intestinal translocation, reduces
cardiac ischaemia and improves kidney function.48
Cardioprotective effects are recently reported from intravenous administration of so-called lactobacillus cultivation products, e.g. lyophilised LAB.
For further information see Bengmark 2002 and 2005.49-52

SYNBIOTICS IN THE CRITICALLY ILL

Figure 1. The Bengmark flocare
autopositioning
regurgitation–resistant tube.
A. Photo of the tube.
B. Photo of intestine with
expanding coil.
C. Three–dimensional extraction
CT scan showing the the tube in
situ.
D. X–ray showing the tube in situ.
Fig 1A with permission of Nutricia
BV Amsterdam, Fig 1B–D with
permission of Dr Gerardo
Mangiante, Verona, Italy.

Synbiotic 2000™ (Medipharm, Kågeröd Sweden and Des
Moines, Iowa, USA) constitutes an attempt to formulate
a pro- and prebiotic composition based on extensive studies of more than 500 different lactic acid bacteria and their
ability to: survive the harsh environment of the upper GI
tract; adhere to human mucosa; influence the expression
of NF-κB; produce pro- and anti-inflammatory cytokines;
ferment various plant fibres; and produce antioxidants. It
has – when tried in various clinical situations such as severe
acute pancreatitis, extensive trauma and liver transplantation – proven to be extremely effective.

Acute pancreatitis
Sixty-two patients with severe acute pancreatitis (SAP)
were supplemented for 14 days either with two sachets/day
of Synbiotic 2000™ (2 x 40 billion LAB/day, total 20 g

fibre) or with the same amount of fibre (20 g) as in
Synbiotic 2000™. Results showed 9 out of 33 patients
(27%) in the Synbiotic 2000-treated group and 15 of 29
patients (52%) in the fibre-only group developed subsequent infections. Eight out of 33 (24%) Synbiotic 2000treated and 14 of 29 (48%) of the fibre-only patients
developed SIRS, MOF or both (p <0.005) (Olah A, personal communication).

Trauma
A prospective, randomised study in patients with acute
extensive trauma compared four treatments: Synbiotic
2000 (40 billion LAB/d); supplementation with fibre only;
peptides; and glutamine. Treatment with Synbiotic 2000™
led to a dramatic decrease in the number of chest infections (one out of 14 patients - 7%), compared to peptide
(10 out of 21 patients - 48%), glutamine (12 out of 37
patients - 32%) and fibre only (11 out of 28 patients - 39
%). The total number of infections also significantly
decreased: Synbiotic 2000™, two out of 14 patients (14%);
fibre only, 16 out of 28 patients (57%); peptide, 11 out of
21 patients (52%); and glutamine, 19 out of 37 patients
(51%). Treatment with Synbiotic 2000™ lead to a dramatic,
highly significant decrease in chest infections (4/26 patients
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- 15%), compared to peptide diet (11/26 patients - 42%,
p<0.04), glutamine (11/32 patients - 34%, p<0.03) and only
fibres (12/29 patients - 41%, p<0.002). The total number of
infections also significantly decreased; Synbiotic 2000™ 5/26
patients (19%) only fibres 17/29 patients (59%) peptide
13/26 patients (50%) and glutamine 16/32 patients (50%).

Abdominal surgery
Forty-five patients undergoing major surgery for abdominal cancer were randomised to three treatment groups:
enteral nutrition (EN) supplemented with Synbiotic 2000
(LEN); EN supplemented with fibre in the same amount
(20 g) as in Synbiotic 2000™ (FEN); and standard parenteral nutrition (PN). All treatments lasted for two preoperative and seven postoperative days. The incidence of
postoperative bacterial infections was 47% with PN, 20%
with FEN and 6.7 % with LEN (p <0.05). Significant
improvements were also observed in prealbumin (LEN,
FEN), C-reactive protein (LEN, FEN), serum cholesterol
(LEN, FEN), white cell blood count (LEN), serum endotoxin (LEN, FEN) and IgA (LEN).53

Liver transplantation
Sixty-six patients were randomised to receive either
Synbiotic 2000 or only the fibres in Synbiotic 2000 in connection with human orthotopic liver transplantation. The
treatment started on the day before surgery and continued
for 14 days after surgery. During the first postoperative
month only one patient in the Synbiotic 2000-treated group
(3%) showed signs of infection (urinary infection) compared to 17 of 33 (51%) in the patients supplemented with
only the four fibres.54 The infecting organisms were, in the
Synbiotic-treated group, Enterococcus fecalis in 1 patient
and, in the fibre-only group, Enterococcus fecalis/fecium 11,
Escherichia coli 3, Enterobacter cloacae 2, Pseudomonas
aeruginosa 2 and Staphylococcus aureus in one patient. The
use of antibiotics was, on average, 0.1 +0.1 d in the synbiotic-treated patients and 3.8 +0.9 d in the fibre-only group.

NEW TOOL FOR IMMUNONUTRITION
Highest priority should be given to enteral supply of nutrients aimed as nutrition for flora and to boost the immune
system. For this a feeding tube that is easy to introduce and
quick to reach the upper small intestine is required. The
Bengmark flocare autopositioning regurgitation-resistant
tube was developed for this reason (Figures 1A-D), and is
now marketed by the Nutricia group (Amsterdam, The
Netherlands), and aimed to be used without assistance of
endoscopy or X-ray. A recent study reports successful early
insertion in 12 out of 16 (75%) acute pancreatitis patients
with the head of the tube reaching the ligament of Treitz
within a median of 12 hours.55 Another recent study reports
successful placement within 24 hours in 78% of patients
with normal gastric emptying, compared to 14% with standard straight tubes (p = 0.041), and in patients with
impaired gastric emptying (as most ICU patients) 57%
compared to 0% with standard tubes (p = 0.07).56

CONCLUSION
The formulas currently used for enteral nutrition in the
critically ill are to a large extent based on the same concept as formulas for parenteral use, i.e. with the principal
purpose of satisfying the need for calories and to support
a positive nitrogen balance. Future formulas should be
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designed mainly with the aim of modulating immune
functions and restoring homeostasis in inflammation.
Vigorous attempts should be made to produce formulas
that will mimic natural foods and consequently are rich in
plant ingredients, plant fibres and especially antioxidants
such as polyphenols and curcumenoids. The information
that critically ill patients have frequently lost their entire
lactobacillus flora57 supports the need to supply new flora
every day to critically ill patients.

REFERENCES
1..
2.
3.
4.
5.
6.

7.

8.

9.
10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Schwartz MN. Hospital-acquired infections; diseases with increasingly limited
therapies. Proc Natl Acad Sci USA 1994; 91: 2420–226.
Bengmark S. Nutritional modulation of acute and ‘chronic’ phase response.
Nutrition 2001; 17: 489–495.
Costa M, Brookes SJ, Hennig GW. Anatomy and physiology of the enteric nervous system. Gut 2000; 47,Suppl 4: 15–19.
Lyte M. Microbial endocrinology and infectious disease in the 21st century.
Trends in Microbiology 2004; 12: 14–20.
Groves AC, Griffiths J, Leung F, Meek RN. Plasma catecholamines in patients
with serious postoperative infection. Ann Surg 1973; 178: 102–107.
Kinney KS, Austin CE, Morton DS, Sonnenfeld G. Norepinephrine as a growth
stimulating factor in bacteria: Mechanistic studies. Life Science 2000; 67:
3075–3085.
Alverdy JC, Laughlin RS, Wu L. Influence of the critically ill state on hostpathogen interactions within the intestine: gut-derived sepsis redefined. Crit
Care Med 2003; 31: 598–607.
Sautner T, Fugger R, Göötzinger P, Mittlbock M, Winkler S, Roth E et al. Tumour
necrosis factor- and interleukin-6: Early indicators of bacterial infection after
human orthotopic liver transplantation. Eur J Surg 1995; 161: 97–101.
Menges T, Engel J, Welters I et al. Changes in blood lymphocyte populations
after multiple trauma. Crit Care Med 1999; 27: 733–740.
Zahorec R. Ratio of neutrophil to lymphocyte counts – rapid and simple parameter of systemic inflammation and stress in critically ill. Bratisl Lek Listy 2001;
102: 5–14.
Kalff C, Carlos TM, Schraut WH, Billiar TR, Simmons RL, Bauer AJ. Surgically
induced leukocytic infiltrates within the rat intestinal muscularis mediate postoperative ileus. Gastroenterology 1999; 117: 378–387.
De Jonge WJ, Van den Wungaard RM, The FO et al. Postoperative ileus is
maintained by intestinal immune infiltrates that activate inhibitory neural pathways in mice. Gastroenterology 2003; 125: 1137–1147.
Steinberg KP, Milberg JA, Martin TA et al. Evolution of bronchoalveolar cell
populations in the adult respiratory distress syndrome. Am J Respir Crit Care
Med 1994; 150: 113–122.
Sookhai S, Wang JH, McCourt M et al. A novel mechanism for attenuating neutrophil–mediated lung injury in vivo. Surg Forum 1999; 50: 205–208.
Wei L, Wei H, Frenkel K. Sensitivity to tumor promotion of SENCAR and
C57BL/6J mice correlates with oxidative events and DNA damage.
Carcinogenesis 1993; 14: 841–847.
Kubes P, Hunter J, Granger DN. Ischemia/reperfusion induced feline intestinal
dysfunction: importance of granulocyte recruitment. Gastroenterology 1992;
103: 807–812.
Ho JS, Buchweitz JP, Roth RA, Ganey PE. Identification of factors from rat neutrophil responsible for cytotoxicity to isolated hepatocytes. Leuk Biol 1996; 59:
716–724.
Lowell CA, Bertin G. Resistance to endotoxic shock and reduced neutrophil
migration in mice deficient for the Src–family kinases Hck and Fgr. Proc Natl
Acad Sci USA 1998; 95: 7580–7584.
Goris BJA, te Boekhorst TPA, Nuytinck JKS, Gimbrere JS. Multiple-organ failure. Generalized autodestructive inflammation. Arch Surg 1985; 120:
1109–1115.
Wilson MR, Choudhury S, Takata M. Pulmonary inflammation induced by highstretch ventilation is mediated by tumor necrosis factor signalling in mice. Am
J Physiol Lung Cell Mol Physiol 2005; 288: L599–L607.
Rassias AJ, Marrin CAS, Arruda J, Whalen PK, Beach M, Yeager MP. Insulin
infusion improves neutrophil function in diabetic cardiac surgery patients.
Anaesth Analg 1999; 88: 1011–1016 .
O´´Brien G, Shields CJ, Winter DC, Dillin JP, Kirwan WO, Redmont HP.
Cyclooxygenase-2 plays a central role in the genesis of pancreatitis and associated lung injury. Hepatobiliary Pancreat Dis Int 2005; 4: 126–129.

23. Bengmark S. Curcumin: an atoxic antioxidant and natural NF-kB, COX-2, LOX
and iNOS inhibitor – a shield against acute and chronic diseases. J Parent Ent
Nutr 2006; In press.
24. Lange H. Multiorgan dysfunction syndrome: how water might contribute to its
progression. J Cell Mol Med 2002; 6: 653–660.
25. Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, Allison SP. Effect of
salt and water balance on recovery of gastrointestinal function after elective
colonic resection: a randomised controlled trial. The Lancet 2002; 359:
1812–1818.
26. Macafee DAL, Allison SP, Lobo DN. Some interactions between gastrointestinal function and fluid and electrolyte homeostasis. Curr Opin Clin Nutr Metab
Care 2005; 8: 197–203.
27. Wan JMF, Teo TC, Babayan VK, Blackburn GL. Lipids and the development of
immune dysfunction. J Parent Ent Nutr 1988; 12, suppl : 43S–52S.
28. Van der Poll T, Coyle SM, Levi M et al. Fat emulsion infusion potentiates coagulation activation during human endotoxemia. Thrombosis and Haemostasis
1996; 75: 83–86.
29. Lin BF, Huang CC, Chiang BL, Jeng SJ. Dietary fat influences Ia antigen expression, cytokines annd prostaglandin E2 production in immune cells in autoimmune-prone NZBxNZW F1 mice. Brit J Nut 1996; 75: 711–722.
30. Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE.
Hyperglycemia : an independent marker of in-hospital mortality in patients with
undiagnosed diabetes. J Clin Endocrinol Metabol 2002; 87: 978–962.
31. Mesotten D, Van den Berghe G. Clinical potential of insulin therapy in critically ill patients. Drugs 2003; 63: 625–636.
32. Lind L, Lithell H. Imparied glucose and lipid metabolism seen in intensive care
patients is related to severity of illness and survival. Clin Intensive Care 1994;
5: 100–105.
33. Klein CJ, Stanek GS, Wiles CE Overfeeding macronutrients to critically ill adults:
metabolic complications. J Am Diet Assoc 1998; 98: 795–806.
34. Sandströöm R, Drott C, Hyltander A et al. The effect of postoperative intravenous feeding (TPN) on outcome following major surgery evaluated in a randomized study. Ann Surg 1993; 217: 185–195.
35. Heslin MJ, Latkany L, Leung D et al. A prospective randomized trial of early
enteral feeding after resection of upper gastrointestinal malignancy. Ann Surg
1997; 226: 567–580.
36. Shirabe K, Matsumata T, Shimada M et al. A comparison of parenteral hyperalimentation and early enteral feeding regarding systemic immunity after major
hepatic resection – the results of a randomized prospective study.
Hepatogastroenterology 1997; 44: 205–209.
37. Bengmark S. Bioecological control of perioperative and ITU morbidity.
Langenbecks Arch Surg 2004; 389: 9–154
38. Bengmark S. Bioecological control of inflammation and infection in transplantation. Transplant Rev 2004; 18: 38–53.
39. Engelich G, Wright DG, Hartshorn KL. Acquired disorders of phagocyte function complicating medical and surgical illnesses. Clin Infect Dis 2001; 33:
2040–2048.
40. Laird AM, Miller PR, Kilgo PD, Meredith JW, Chang MC. Relationship of early
hyperglycemia to mortality in trauma patients. J Trauma 2004; 56:
1058–1062.
41. Deitch EA, Shorshtein A, Houghton J, Lu Q, Xu D. Inducible nitric oxide synthase knockout mice are resistant to diet-induced loss of gut barrier function
and intestinal injury. J Gastrointest Surg 2002; 6: 599–605.
42. Hill GE, Frawley WH, Griffith KE, Forestner JE, Minei JP. Allogeneic blood transfusion increases the risk of postoperative bacterial infection: a metaanalysis.
J Trauma 2003; 54: 908–914.
43. Motivala SJ, Sarfatti A, Olmos L, Irwin MR. Inflammatory markers and sleep
disturbance in major depression. Psychosom Med 2005; 67: 187–194.
44. Mayer K, Fegbeutel C, Hattar K, Sibelius U, Kräämer HJ, Heuer KU et al. ˆ_-3
vs ˆ_-6 lipid emulsions exert differential influence on neutrophils in septic shock
patients: impact on plasma fatty acids and lipid mediator generation. Int Care
Med 2003; 29: 1472–1481.
45. Nathens AB, Neff MJ, Jurkovich GJ et al. Randomized, prospective trial of
antioxidant supplementation in critically ill surgical patients. Ann Surg 2002;
236: 814–822.
46. Baines M, Shenkin A. Use of antioxidants in surgery: a measure to reduce postoperative complications. Curr Opin Nutr Metab 2002; 5: 665–670.
47. Bengmark S. Curcumin: an atoxic antioxidant and natural NF-Î_B, COX-2, LOX
and iNOS inhibitor – a shield against acute and chronic diseases. J Parent Ent
Nutr 2006; 30: 45–55. In press.
48. Fink MP. Ethyl pyruvate: a novel treatment for sepsis and shock. Minerva
Anestesiol. 2004; 70: 365–371.
49. Bengmark S. Use of Pro-, Pre- and Synbiotics in the ICU – Future options. In:
Shikora SA, Martindale RG, Schwaitzberg SD. Nutritional considerations in the

➟
16

BRITISH JOURNAL OF INTENSIVE CARE | SPRING 2006

BIO-ECOLOGICAL CONTROL OF MORBIDITY

50.

51.
52.

53.

54.

55.

intensive care unit – science, rationale and practice. Dubuque, Iowa, USA:
Kendall/Hunt Publishing Company, 2002.
Bengmark S. Aggressive peri- and intraoperative enteral nutrition – Strategy
for the future. In: Shikora SA, Martindale RG, Schwaitzberg SD. Nutritional considerations in the intensive care unit – science, rationale and practice. Dubuque,
Iowa, USA: Kendall/Hunt Publishing Company, 2002.
Bengmark S, Martindale R. Prebiotics and synbiotics in clinical medicine.
Nutrition in Clinical Practise 2005; 20: 244–261.
Bengmark S. Bio-ecological control of the gastrointestinal tract: the role of flora
and supplemented pro- and synbiotics. Gastroenterol Clin North Am 2005; 34:
413–436.
Han Chunmao, Martindale R, Huang H, Bengmark S. Pre- and postoperative
enteral supply of a synbiotic composition reduces the incidence of postoperative septic complications in abdominal cancer surgery. In press
Rayes N, Seehofer D, Theruvath T et al. Combined perioperative enteral supply of bioactive pre– and probiotics abolishes postoperative bacterial infections
in human liver transplantation – a randomised, double blind clinical trial. Am
J Transplant 2005; 5: 125–130.
Karsenti D, Viguiler J, Bourlier P et al. Enteral nutrition during acute pancreatitis. Feasibility study of a self–propelling spiral distal end jejunal tube.
Gastroenterol Clin Biol 2003; 27: 614–617.

56. Lai CWY, Barlow R, Barnes M, Hawthorne AB. Bedside placement of nasojejunal tubes: a randomized, controlled trial of spiral- vs straight-ended tubes.
Clin Nutr 2003; 22: 267–270.
57. Knight DJW, Ala’Aldeen D, Bengmark S and Girling KJ. The effect of synbiotics on gastrointestinal flora in the critically ill. Brit J Anaesth 2004; 92:
■
307P–308P.

CORRESPONDENCE TO:
Stig Bengmark MD, PhD, FRACS (Hon), FRCPS (Hon)
185 Barrier Point Road
Royal Docks
London
E16 2SE
United Kingdom
E-mail: s.bengmark@ucl.ac.uk

Instructions to authors
The British Journal of Intensive Care (BJIC) is published four times a year in English.
The journal includes clinical reviews and original papers dealing with the whole field
of intensive and critical care medicine. In addition to such articles, the BJIC prints
comments, case reports, meeting reports and letters to the editor.
Prior publication and co-author approval
Authors submitting a paper do so on the understanding that neither the work nor
any part of its essential substance, tables or figures have been or will be published
by or submitted to another scientific journal or is being considered for publication
elsewhere. All work must have been approved by all co-authors.
Submission of the manuscript implies that if and when it is accepted for
publication, the authors automatically agree to transfer the copyright to the
publisher. The copyright protection implies that the publisher holds the exclusive
right to reproduction in any form (including publication in another language) and
distribution of any of the articles in the journal.
Statement of interest
Authors should acknowledge all financial support for the work and other financial or
personal connections to the work. A statement will then be added to the manuscript
at publication.
Manuscript preparation
Presentation of manuscripts should conform to the updated Uniform Requirements
for Manuscripts Submitted to Biomedical Journals (see www.icmje.org). All
manuscripts must be submitted electronically to the Managing Editor at Greycoat
Publishing, e.duff@greycoatpublishing.co.uk. If any problems are experienced,
please contact Elizabeth Duff on +44 (0)20 7736 7789.
General
Reviews are requested at a length of approximately 2,500 words, not including
abstract, references, tables and legends. Figures and/or tables should be limited to
eight altogether. Systèème International (SI) units are recommended. Equations
should be created as normal text.
Title page
Please provide a concise and informative title, limited to 80 characters, including
spaces between words. Include a list of all contributing authors and all of their
affiliations, with a clear indication of who is associated with each institution. Supply
the full correspondence details for the corresponding author, including email
address and fax number.

SPRING 2006 | BRITISH JOURNAL OF INTENSIVE CARE

Abstract
Please provide an abstract of 200 words or fewer, which is easily understood
without reference to the text .
References
References should be numbered consecutively in the order in which they first
appear in the text. The citation number in the text is an Arabic numeral, set in
superscript style, immediately following any punctuation mark used. All authors
must be included in the reference list, unless there are more than six, in which
case give the first three, followed by ‘et al.’. For original articles, the number of
references should be limited to 30, and for reviews, to 40.
References should conform to the style used in Index Medicus (Vancouver
Style). Websites should be listed in the reference list, not in the text, and only used
when an original citation is unavailable; citations be listed as follows:
WHO. Severe Acute Respiratory Syndrome (SARS).
www.who.int/csr/sars/en/index.html. Date last updated: June 1 2004. Date last
accessed: June 1 2004.
Work which has not yet been accepted for publication and personal
communications should not appear in the reference list.
Tables
Tables should be cited in the text and placed at the end of the article, following the
references. They should be numbered consecutively with Arabic numerals. Large
tables should be avoided due to space restrictions, and if used may be split
between pages.
Figures
Line drawings can be supplied as .jpeg, .eps, or .tif and will be redrawn into house
style. All submitted figures must be named and numbered. All photographic
images should be provided with a minimum resolution of 300 dots per inch (dpi).
Proofs
A proof will be sent by e-mail (pdf file) to the corresponding author. It should be
corrected and returned to the Greycoat Production Department within 48 hours by
e-mail or fax. Modification to proofs should be limited to typographical errors only.

For a more comprehensive set of guidelines please visit our website at
www.greycoatpublishing.co.uk

17

