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Abstract

The main pathophysiological feature of sepsis is the
uncontrollable activation of both pro- and anti-inflam-
matory responses arising from the overwhelming pro-
duction of mediators such as pro- and anti-inflamma-
tory cytokines. Such an uncontrollable inflammatory
response would cause many kinds of metabolic de-
rangements. One such metabolic derangement is hy-
perglycemia. Accordingly, control of hyperglycemia in
sepsis is considered to be a very effective therapeutic
approach. However, despite the initial enthusiasm, re-
cent studies reported that tight glycemic control with
intensive insulin therapy failed to show a beneficial
effect on mortality of patients with severe sepsis and
septic shock. One of the main reasons for this disap-
pointing result is the incidence of harmful hypoglyce-
mia during intensive insulin therapy. Therefore, avoid-
ance of hypoglycemia during intensive insulin therapy
may be a key issue in effective tight glycemic control.
It is generally accepted that glycemic control aimed at
a blood glucose level of 80-100 mg/dL, as initially pro-
posed by van den Berghe, seems to be too tight and
that such a level of tight glycemic control puts septic
patients at increased risk of hypoglycemia. Therefore,
now many researchers suggest less strict glycemic con-
trol with a target blood glucose level of 140-180 mg/dL.
Also specific targeting of glycemic control in diabetic pa-
tients should be considered. Since there is a significant

correlation between success rate of glycemic control
and the degree of hypercytokinemia in septic patients,
some countermeasures to hypercytokinemia may be an
important aspect of successful glycemic control. Thus,
in future, use of an artificial pancreas to avoid hypo-
glycemia during insulin therapy, special consideration
of septic diabetic patients, and control of hypercytokin-
emia should be considered for more effective glycemic
control in patients with severe sepsis and septic shock.
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INTRODUCTION

There are many pathophysiological changes during
severe sepsis and septic shock, and one of the most
striking is metabolic derangement. Among the metabolic
changes, hyperglycemia is the most important'"?.
Accordingly therapeutic approaches to hyperglycemia
in the management of severe sepsis and septic shock
have had much attention. Intensive insulin therapy
became popular in the intensive care unit (ICU) after
Van den Berghe’s research reporting its effectiveness
on glycemic control™. However, a recent large-scale
randomized trial indicated that such glycemic control
is not effective in reducing ICU mortality and that
glycemic control with intensive insulin therapy increases
the risk of hypoglycemia, and complications arising
from hypoglycemia[s]. Thetefore, in this paper we will
discuss the effectiveness of intensive insulin therapy in
the ICU and the future perspectives on tight glycemic
control from the viewpoint of the correlation between
inflammatory hypercytokinemia and hyperglycemia.
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METABOLIC CHANGE IN SEPSIS

Recent advances in molecular biology have contributed
to the tremendous progress in understanding the
pathophysiology of sepsis. Now it is widely accepted
that the main features of sepsis are the uncontrollable
activation of not only pro-inflammatory, but also anti-
inflammatory responses, because of overwhelming
production of pro-inflammatory and anti-inflammatory
mediators'*®. Such overwhelming production of
mediators causes many pathological changes in vital
organs and systems including metabolic changes'”.
One such metabolic change is hyperglycemia arising
from muscle glycolysis and lipolysis, and subsequent
gluconeogenesis and glycolysis in the liver”'”. The other
feature of metabolic change in sepsis is hyperlactatemia
due to glycolysis in muscle caused by counterregulatory
hormones and cytokines, sometimes referred to as the
“lactate shuttle”™", Hyperglycemia in critical illness,
such as severe sepsis, is not only a marker of severity of
illness and the predictor of poor outcome'™?, but also
has many kinds of adverse effects on vital organs. One
such adverse effect on the innate immune system impairs
the ability of the host to combat infection, resulting
in reduced neutrophil activity such as chemotaxis,
formation of reactive oxygen species, and phagocytosis
of bacteria despite accelerated diapedesis of leukocytes
into peripheral tissue, as well as specific alterations in
cytokine patterns, with increased concentrations of
the early proinflammatory cytokines, tumor necrosis
factor-o and interleukin (IL)-6, and a reduction of
endothelial nitric oxide formation"*. Recently it has also
been reported that the variability of the glucose level in
blood is independently associated with hospital mortality
in septic patients'™'* and that severity of sepsis has a
strong effect on glycemic variability in blood'"”.

Without question, treatment of severe sepsis and
septic shock starts with control of the infection source.
Antibiotics, drainage of abscesses, and operations to
control the source, when indicated, are essential in
the initial treatment''”. Furthermore, hemodynamic
stabilization is also very important for the initial treatment
of such patients[1 ¥

On the other hand, an epoch-making paper by Van
den Berghe in 2001 reported that tight glycemic control
with intensive insulin therapy in the surgical ICU, to
control the blood glucose level between 80 and 110 mg/dL,
resulted in improvement in survival and a shortened
length of hospital stay”. The same authors reported
later that intensive insulin therapy reduced morbidity but
not mortality in the medical ICU". These studies™ led
the influential guidelines for the management of severe
sepsis and septic shock to recommend tight glycemic
control as one of the most important therapeutic
approachesm. Since the publication of the guidelines,
tight glycemic control in ICU patients has become
popular and it is now one of the standard clinical
practices in the ICU. This recommendation remained the
same in the revised version of the guidelines published
in 2008,

CLINICAL EFFECT OF GLYCEMIC

CONTROL IN SEPTIC PATIENTS

Since the publication of the papers by Van den Berge[‘w,
indicating that tight glycemic control between 80 and
110 mg/dL with intensive insulin therapy reduces
morbidity and mortality among critically ill patients in
the surgical ICU, and that the intensive insulin therapy
significantly reduces morbidity but not mortality among all
patients in the medical ICU, many secondary clinical trials
on tight glycemic control have been carried out. A meta-
analysis and systematic reviews on tight glycemic control
were also published. In a review, the Van den Berghe
group reconfirmed that maintaining strict normoglycemia
with the use of intensive insulin improves the outcome
of critically ill patientsm. They also published a paper
in which they concluded that intensive insulin therapy
reduced mortality of all medical/surgical ICU patients,
except those with a prior history of diabetes, that
intensive insulin therapy did not cause harm, and that a
blood glucose target < 110 mg/dL was most effective, but
also carried the highest risk of hypoglycemiam].

On the other hand, Brunkhorst and the SepNet
group from Germany published a paper which found
that use of intensive insulin therapy placed critically ill
patients with sepsis at increased risk for serious adverse
events related to hypoglycemia, without showing any
benefit, and they stopped the trial for safety reasons”
Treggiari and colleagues also showed that a policy of
intensive insulin therapy in a group of ICU patients
was not associated with a decrease in hospital mortality,
and they concluded that further study was needed prior
to widespread implementation of intensive insulin
therapy in critically ill parientsmj. The meta-analysis by
Wiener and colleagues published in JAMA concluded
that, in critically ill adult patients, tight glucose control
is not associated with significantly reduced hospital
mortality, but that it is associated with an increase risk
of hypoglycemiaw. Finally, the long-awaited result
of the NICE-SUGAR (Normoglycemia in Intensive
Care Evaluation-Survival Using Glucose Algorithm
Regulator) trial was published recently. This concluded
that intensive glucose control increased mortality among
adults in the ICU and that a blood glucose target of
180 mg/dL or less tesulted in lower mortality than did
a target of 81-108 mg/dLlsJ. Furthermore it was also
pointed out that intensive insulin therapy increased
the labor requirement of nursing staff in the cu®,
Now the statement by Merz and Finfer, that each ICU
should define a blood glucose range which can be
achieved without causing a significant increase in severe
hypoglycemia, and which fits within the constraints of
their nursing and economic resources sounds fair and
acceptable[zﬂ. They also concluded that the upper limit of
glucose control should currently be 140-180 mg/dL”".
Preiser also suggested that a blood glucose range of
80-110 mg/dL may not be normal or desirable and that
lowering of blood glucose by intensive insulin therapy
can induce a shortage in the provision of glucose,
the predominant source of energy useable by the
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myocardium during ischemia, and neuroglycopenia in
.. 27
cases of cerebral injury®”.

MECHANISM OF BENEFICIAL OR
HARMFUL EFFECTS OF TIGHT GLYCEMIC
CONTROL

There are many papers which illustrate the mechanism
of the beneficial effect of tight glycemic control. Wade
tell us that hyperglycemia can alter cytokine production
and phagocytosis both by means of hyperosmotic
stress and by mechanisms other than hyperosmolality[zs].
Egi from Bellomo’s group suggested that variability
of glucose concentration is a significant independent
predictor of ICU and hospital mortality, and that
decreasing the variability of blood glucose concentration
might be an important aspect of glucose managementm.
The question whether intensive insulin therapy per se
or a lowered glucose level by intensive insulin therapy
is the main mechanism of the beneficial effect of tight
glycemic control with intensive insulin therapy has not
yet been answered.

On the other hand, Jeschke ez al™” reported that
insulin therapy improves the systemic inflammatory
reaction to severe trauma. Vanhotrebeek from Van den
Berghe’s group reported that protection of hepatocyte
mitochondrial ultrastructure and function is one of
the mechanisms of the beneficial effect of strict blood
glucose control with insulin in critically ill patientsm
Another researcher from Van den Berghe’s group
also reported that intensive insulin therapy prevented
critical polyneuropathy/myopathy and the necessity for
treatment with prolonged mechanical ventilation”".
Dugo and colleagues showed, in an experimental study,
that the inhibitory effect of insulin on the activity
of glycogen synthase kinase-3f, contributed to the
protective effect of insulin against organ injury/
dysfunction caused by excessive systemic inflammation,
independently of any effects on blood glucose[‘w.
Another possible mechanism of the beneficial effect
of intensive insulin therapy or tight glycemic control
is through RAGE (receptor of advanced glycation end
product). Now RAGE is considered to play an important
role in the pathophysiology of severe sepsis and septic
shock. It is possible that tight glycemic control can
reduce the production of AGE (advanced glycation end
product), and that tight glycemic control can thereby
reduce the inflammatory response mediated through
AGE and RAGE interaction™. This could be another
mechanism of the beneficial effect of tight glycemic
control in severe sepsis.

There are many papers reporting that hypoglycemia
during intensive insulin therapy is the main reason
why intensive insulin therapy cannot show a beneficial
effect on mortality in severe sepsis and septic shock.
Waeschle e al'® showed that the risk of hypoglycemia
with intensive insulin therapy is very high among
patients with severe sepsis and septic shock. The meta-
analysis mentioned above on the benefit and risks of
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Figure 1 Correlation between IL-6 blood level on ICU admission and
success rate of blood glucose control among patients with severe sepsis
and septic shock. The blood glucose level is targeted to be between 110 and
150 mg/dL with intensive insulin therapy.

tight glucose control in critically ill adults by Wiener™,

indicated that intensive insulin therapy increased the risk
of hypoglycemia among critically ill patients including
those with severe sepsis and septic shock. Krinsley
and Grover indicated that even a single episode of
severe hypoglycemia was independently associated
with increased risk of mortality and therefore that
safe implementation of tight glycemic control requires
appropriate monitoring to reduce the risk of this
complication”, They proposed to move beyond tight
glucose control to safe effective glucose control avoiding
hypoglycemiap-/]. The mechanism by which hypoglycemia
increased mortality in severe sepsis and septic shock has
not yet been fully elucidated. However, brain damage
because of an energy deficit in the brain through
hypoglycemia is possibly one mechanism®”

FUTURE PERSPECTIVES ON TIGHT
GLYCEMIC CONTROL

It is now clear that to benefit from tight glycemic
control, we should avoid hypoglycemia. On the other
hand it has also become clear that it is not so easy to
keep the blood glucose level within the targeted range
even though the targeted range is not very tight such
as between 150 and 180 mg/dL in patients with severe
sepsis and septic shock.

In our ICU, we routinely check IL-6 blood levels in
every patient every day. The reason why we specifically
measure 1L-6 is not that we think IL.-6 is the most
important proinflammatory cytokine, but rather that
IL-6 is the most easily measurable cytokine because of
its relatively high blood level and relatively long half-
time in the blood™. Since blood levels of many kinds
of cytokines change synergistically in sepsis, we do
not need to measure blood levels of various cytokines
to make a diagnosis of hypercytokinemia but we
can measure only one of the most easily measurable
cytokines to make the diagnosis of hypercytokinemia in
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sepsis. It is reported that if a patient has an 11.-6 level of
more than 1000 pg/mL, this patient can be diagnosed
with systemic inflammatory response syndrome or
hypercytokinemiaw.

We applied tight glycemic control with a target
blood glucose level of 110-150 mg/dL in patients with
severe sepsis and septic shock. The overall success rate
for tight glycemic control was only 53.9%. However
when we subgrouped the patients according to the
I1.-6 blood level on ICU admission, we found that the
success rate of tight glycemic control was relatively high
in subgroups whose 11.-6 blood level on ICU admission
was lower than 1000 pg/mL. On the other hand, the
success rate of tight glycemic control was very low
among the patients whose initial IL-6 blood level in the
ICU was higher than 10000 pg/mL as shown in Figure 1.
These data indicate that hypercytokinemia correlates
with hyperglycemia in sepsis and that countermeasures
to hypercytokinemia in sepsis would be one of the key
factors for successful glycemic control. Recently, we
published a paper showing the efficacy of continuous
hemodiafiltration (CHDF) with a cytokine-adsorbing
hemofilter made from polymethyl methacrylate (PMMA)
membrane in patients with septic shock™. We found
that, in septic patients with severe hypercytokinemia,
blood glucose control became easier once we lowered
the blood level of cytokines with PMMA-CHDE

Since one of the reasons why tight glycemic control
could not show a beneficial effect on critically ill patients
is hypoglycemia during intensive insulin therapy, avoidance
of hypoglycemia should always be considered™". For this
purpose an artificial pancreas has promising potentialpm,
On the other hand, a pharmacological dose of a steroid
is recommended in the guidelines for the management
of severe sepsis and septic shock!™". However, steroid
administration may create some difficulties in glycemic
control in septic patientsm], An artificial pancreas may
be most effective on such patients with severe sepsis and
septic shock receiving steroid therapy.

Another important issue of tight glycemic control
in critically ill patients, including those with severe
sepsis and septic shock, is whether tight glycemic
control would also be effective in critically ill diabetics.
It is proposed that precisely defined target glucose
levels, treatment intervention and the avoidance of
hypoglycemic episodes during insulin therapy should
be studied before the widespread application of tight
glycemic control in critically ill diabetic patientsw. Egi
and colleagues reported that, unlike nondiabetic patients,
diabetic patients showed no clear association between
hyperglycemia during the ICU stay and mortality, and
there were markedly lower odds ratios of death at all
levels of hyperglycemia suggesting that hyperglycemia
may have different biological and/or clinical implications
in critically patients with diabetes mellitus™.

As mentioned above, it has not yet been fully elucidated
whether intensive insulin therapy or normoglycemia with
intensive insulin therapy really has the beneficial effect
on severely septic patients. However, if normoglycemia
is the key mechanism of tight glycemic control with

intensive insulin therapy, modulation of glucose use and
gluconeogenesis in sepsis with adrenergic B receptor
blockade is one of the future approaches in this area!™

CONCLUSION

It is now suggested that tight glycemic control with a target
blood glucose level of 90-110 mg/dL does not improve
clinical outcome and that less strict glycemic control with
a target blood glucose level of 140-180 mg/dL is more
effective. Also specific targeting of glycemic control in
diabetic patients should be considered. Since there is a
significant correlation between success rate of glycemic
control and the degree of hypercytokinemia in septic
patients, some countermeasures to hypercytokinemia may
be an important aspect of successful glycemic control.
Thus, in future, use of an artificial pancreas to avoid
hypoglycemia during insulin therapy, special consideration
of septic diabetic patients, and control of hypercytokinemia
should be considered for more effective glycemic control in
patients with severe sepsis and septic shock.

REFERENCES

1  Taylor JH, Beilman GJ. Hyperglycemia in the intensive care
unit: no longer just a marker of illness severity. Surg Infect
(Larchmt) 2005; 6: 233-245

2 Sung J, Bochicchio GV, Joshi M, Bochicchio K, Tracy K,
Scalea TM. Admission hyperglycemia is predictive of
outcome in critically ill trauma patients. | Trauma 2005; 59:
80-83

3 van den Berghe G, Wouters P, Weekers F, Verwaest C,
Bruyninckx F, Schetz M, Vlasselaers D, Ferdinande P,
Lauwers P, Bouillon R. Intensive insulin therapy in the
critically ill patients. N Engl | Med 2001; 345: 1359-1367

4 Van den Berghe G, Wilmer A, Hermans G, Meersseman
W, Wouters PJ, Milants I, Van Wijngaerden E, Bobbaers H,
Bouillon R. Intensive insulin therapy in the medical ICU. N
Engl ] Med 2006; 354: 449-461

5 Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V,
Bellomo R, Cook D, Dodek P, Henderson WR, Hébert PC,
Heritier S, Heyland DK, McArthur C, McDonald E, Mitchell
I, Myburgh JA, Norton R, Potter J, Robinson BG, Ronco JJ.
Intensive versus conventional glucose control in critically ill
patients. N Engl | Med 2009; 360: 1283-1297

6  Remick DG. Pathophysiology of sepsis. Am | Pathol 2007;
170: 1435-1444

7 Rittirsch D, Flierl MA, Ward PA. Harmful molecular
mechanisms in sepsis. Nat Rev Immunol 2008; 8: 776-787

8  Cinel I, Opal SM. Molecular biology of inflammation and
sepsis: a primer. Crit Care Med 2009; 37: 291-304

9 Norbury WB, Jeschke MG, Herndon DN. Metabolism
modulators in sepsis: propranolol. Crit Care Med 2007; 35:
5616-5620

10 Marik PE, Raghavan M. Stress-hyperglycemia, insulin and
immunomodulation in sepsis. Intensive Care Med 2004; 30:
748-756

11 Van Cromphaut SJ, Vanhorebeek I, Van den Berghe G.
Glucose metabolism and insulin resistance in sepsis. Curr
Pharm Des 2008; 14: 1887-1899

12 Day KM, Haub N, Betts H, Inwald DP. Hyperglycemia
is associated with morbidity in critically ill children with
meningococcal sepsis. Pediatr Crit Care Med 2008; 9: 636-640

13 Levy B. Lactate and shock state: the metabolic view. Curr
Opin Crit Care 2006; 12: 315-321

14 Turina M, Fry DE, Polk HC Jr. Acute hyperglycemia and
the innate immune system: clinical, cellular, and molecular

www.wjgnet.com



4136

ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

September 7, 2009 Volume 15 Number 33

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

aspects. Crit Care Med 2005; 33: 1624-1633

Ali NA, O'Brien JM Jr, Dungan K, Phillips G, Marsh CB,
Lemeshow S, Connors AF Jr, Preiser JC. Glucose variability
and mortality in patients with sepsis. Crit Care Med 2008; 36:
2316-2321

Waeschle RM, Moerer O, Hilgers R, Herrmann P, Neumann
P, Quintel M. The impact of the severity of sepsis on the risk
of hypoglycaemia and glycaemic variability. Crit Care 2008;
12: R129

Hotchkiss RS, Karl IE. The pathophysiology and treatment
of sepsis. N Engl ] Med 2003; 348: 138-150

Otero RM, Nguyen HB, Huang DT, Gaieski DF, Goyal M,
Gunnerson KJ, Trzeciak S, Sherwin R, Holthaus CV, Osborn
T, Rivers EP. Early goal-directed therapy in severe sepsis
and septic shock revisited: concepts, controversies, and
contemporary findings. Chest 2006; 130: 1579-1595
Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T,
Cohen J, Gea-Banacloche J, Keh D, Marshall JC, Parker MM,
Ramsay G, Zimmerman JL, Vincent JL, Levy MM. Surviving
Sepsis Campaign guidelines for management of severe
sepsis and septic shock. Crit Care Med 2004; 32: 858-873
Dellinger RP, Levy MM, Carlet JM, Bion ], Parker MM,
Jaeschke R, Reinhart K, Angus DC, Brun-Buisson C, Beale
R, Calandra T, Dhainaut JF, Gerlach H, Harvey M, Marini
JJ, Marshall ], Ranieri M, Ramsay G, Sevransky J, Thompson
BT, Townsend S, Vender JS, Zimmerman JL, Vincent JL.
Surviving Sepsis Campaign: international guidelines for
management of severe sepsis and septic shock: 2008. Crit
Care Med 2008; 36: 296-327

Mebis L, Gunst ], Langouche L, Vanhorebeek I, Van den
Berghe G. Indication and practical use of intensive insulin
therapy in the critically ill. Curr Opin Crit Care 2007; 13:
392-398

Van den Berghe G, Wilmer A, Milants I, Wouters PJ,
Bouckaert B, Bruyninckx F, Bouillon R, Schetz M. Intensive
insulin therapy in mixed medical/surgical intensive care
units: benefit versus harm. Diabetes 2006; 55: 3151-3159
Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A,
Ragaller M, Weiler N, Moerer O, Gruendling M, Oppert
M, Grond S, Olthoff D, Jaschinski U, John S, Rossaint R,
Welte T, Schaefer M, Kern P, Kuhnt E, Kiehntopf M, Hartog
C, Natanson C, Loeffler M, Reinhart K. Intensive insulin
therapy and pentastarch resuscitation in severe sepsis. N
Engl ] Med 2008; 358: 125-139

Treggiari MM, Karir V, Yanez ND, Weiss NS, Daniel
S, Deem SA. Intensive insulin therapy and mortality in
critically ill patients. Crit Care 2008; 12: R29

Wiener RS, Wiener DC, Larson R]. Benefits and risks of
tight glucose control in critically ill adults: a meta-analysis.
JAMA 2008; 300: 933-944

Merz TM, Finfer S. Pro/con debate: Is intensive insulin
therapy targeting tight blood glucose control of benefit in
critically ill patients? Crit Care 2008; 12: 212

Preiser JC. Restoring normoglycaemia: not so harmless. Crit
Care 2008; 12: 116

Wade CE. Hyperglycemia may alter cytokine production
and phagocytosis by means other than hyperosmotic stress.
Crit Care 2008; 12: 182

Egi M, Bellomo R, Stachowski E, French CJ, Hart G.
Variability of blood glucose concentration and short-term
mortality in critically ill patients. Anesthesiology 2006; 105:
244-252

Jeschke MG, Klein D, Herndon DN. Insulin treatment

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

improves the systemic inflammatory reaction to severe
trauma. Ann Surg 2004; 239: 553-560

Vanhorebeek I, De Vos R, Mesotten D, Wouters PJ, De
Wolf-Peeters C, Van den Berghe G. Protection of hepatocyte
mitochondrial ultrastructure and function by strict blood
glucose control with insulin in critically ill patients. Lancet
2005; 365: 53-59

Hermans G, Wilmer A, Meersseman W, Milants I, Wouters
PJ, Bobbaers H, Bruyninckx F, Van den Berghe G. Impact of
intensive insulin therapy on neuromuscular complications
and ventilator dependency in the medical intensive care
unit. Am | Respir Crit Care Med 2007; 175: 480-489

Hermans G, De Jonghe B, Bruyninckx F, Van den Berghe G.
Interventions for preventing critical illness polyneuropathy
and critical illness myopathy. Cochrane Database Syst Rev
2009; CD006832

Dugo L, Collin M, Allen DA, Murch O, Foster SJ, Yaqoob
MM, Thiemermann C. Insulin reduces the multiple organ
injury and dysfunction caused by coadministration of
lipopolysaccharide and peptidoglycan independently
of blood glucose: role of glycogen synthase kinase-3beta
inhibition. Crit Care Med 2006; 34: 1489-1496

Bopp C, Bierhaus A, Hofer S, Bouchon A, Nawroth PP,
Martin E, Weigand MA. Bench-to-bedside review: The
inflammation-perpetuating pattern-recognition receptor
RAGE as a therapeutic target in sepsis. Crit Care 2008; 12:
201

Krinsley JS, Grover A. Severe hypoglycemia in critically ill
patients: risk factors and outcomes. Crit Care Med 2007; 35:
2262-2267

Krinsley JS, Preiser JC. Moving beyond tight glucose
control to safe effective glucose control. Crit Care 2008; 12:
149

Auer RN. Hypoglycemic brain damage. Metab Brain Dis
2004; 19: 169-175

Oda S, Hirasawa H, Shiga H, Nakanishi K, Matsuda K,
Nakamua M. Sequential measurement of IL-6 blood levels
in patients with systemic inflammatory response syndrome
(SIRS)/ sepsis. Cytokine 2005; 29: 169-175

Oberholzer A, Oberholzer C, Moldawer LL. Sepsis
syndromes: understanding the role of innate and acquired
immunity. Shock 2001; 16: 83-96

Nakada TA, Oda S, Matsuda K, Sadahiro T, Nakamura M,
Abe R, Hirasawa H. Continuous hemodiafiltration with
PMMA Hemofilter in the treatment of patients with septic
shock. Mol Med 2008; 14: 257-263

Friedrich MJ. Artificial pancreas may soon be a reality.
JAMA 2009; 301: 1525-1527

Loisa P, Parviainen I, Tenhunen J, Hovilehto S, Ruokonen
E. Effect of mode of hydrocortisone administration on
glycemic control in patients with septic shock: a prospective
randomized trial. Crit Care 2007; 11: R21

Turina M, Christ-Crain M, Polk HC Jr. Diabetes and
hyperglycemia: strict glycemic control. Crit Care Med 2006;
34: 5291-S300

Egi M, Bellomo R, Stachowski E, French CJ, Hart GK,
Hegarty C, Bailey M. Blood glucose concentration and
outcome of critical illness: the impact of diabetes. Crit Care
Med 2008; 36: 2249-2255

Novotny NM, Lahm T, Markel TA, Crisostomo PR, Wang
M, Wang Y, Ray R, Tan J, Al-Azzawi D, Meldrum DR. beta-
Blockers in sepsis: reexamining the evidence. Shock 2009; 31:
113-119

S- Editor LiLF L- Editor Cant MR E- Editor Zheng XM

www.wjgnet.com



