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CHAPTER 79

Blood Glucose Control in Critical Care

Johan Mértensson, Moritoki Egi, and Rinaldo Bellomo

OBJECTIVES

This chapter will:

1. Describe the nature of stress-induced hyperglycemia.

2. Explore the possible significance of normoglycemia in
critically ill patients.

3. Discuss the importance of blood glucose control and
nutritional support.

4. Describe the risk and incidence of hypoglycemia in relation
to pursuing tighter blood glucose control.

5. Review recent recommendations for blood glucose control
in critically ill patients.

Acute hyperglycemia is common in critically ill patients.
Approximately 90% of all patients develop blood glucose
concentrations of more than 110 mg/dL during critical
illness." Multiple observational studies and, later, a single-
center randomized controlled trial (RCT) showed reduced
mortality if blood glucose was normalized using intensive
insulin therapy (IIT) in critically ill patients. However,
subsequent multicenter randomized controlled trials (RCTs)

have not only failed to confirm this finding but also dem-
onstrated a high incidence of potentially harmful hypo-
glycemia during IIT. Additional concern is reinforced by
novel data suggesting a different response to common glucose
management in acute ill patients with diabetes mellitus,
especially in those with poorly controlled blood glucose
before becoming critically ill. Thus lowering blood glucose
control remains a focus of critical care.

STRESS-INDUCED HYPERGLYCEMIA

Stress-induced hyperglycemia is common in critically ill
patients.” There are no accepted criteria to define this acute
hyperglycemia, unlike “chronic diabetes mellitus.” In acute
illness, “stress” in response to tissue injury or infection can
have profound effects on carbohydrate metabolism. This type
of hyperglycemia occurs despite elevation in insulin levels
(insulin resistance). It is assumed that several mechanisms
contribute to this stress-induced hyperglycemia.
e Decreased glucose uptake and utilization: Insulin-
stimulated glucose uptake and utilization is achieved by
skeletal muscle for 80% to 85% of all peripheral glucose



uptake and by adipose tissues for 5%. In skeletal muscle,

exercise is an important stimulating factor for glucose

uptake and utilization. However, in critical illness, this
exercise-stimulated glucose uptake is decreased, because
patients are typically bed-bound. Furthermore, in critically

ill patients, glucose transporter-4 (GLUT-4)-dependent

insulin-stimulated glucose uptake is inhibited.’

e Increased glucose production: The liver is the dominant
organ for glucose production from glycogen (gluconeo-
genesis). In the fasting phase, the liver can produce 2 pg/
kg/min of glucose, which represents 85% of whole body
gluconeogenesis in healthy subjects. In critically ill
patients, this hepatic gluconeogenesis increases because
of increased levels of glucagon, cortisol, growth hormone,
and cytokines.*

e Depressed glycogen production: The production of
glycogen from glucose (glycogenesis) is one of the key
roles of the liver. In critically ill patients, increases in
the level of glucagon, epinephrine, and cytokines inhibit
glycogenesis by inactivation of glycogen synthase through
increased glycogen synthase-kinase.’

e Increased free fatty acids: In critically ill patients, free
fatty acid and triglyceride production from adipose tissue
increases secondary to increased activity of hormone-
sensitive lipase. The increase in the blood level of
glucagon and adrenalin enhance such activity, which
in turn decreases peripheral glucose uptake.

It is well known that stress-induced hyperglycemia
reflects severity of illness and is associated with mortality
and morbidity in various patient groups, such as those
with acute myocardial ischemia, cerebral infarction and
hemorrhage, and multiple trauma and burns. Until recently,
it was suggested that stress-induced hyperglycemia may
be an adaptive response, promoting glucose uptake into
brain and red cells and facilitating wound healing. Even
relative hypoglycemia was considered dangerous and was
to be avoided. Thus “optimal” blood glucose concentrations
were considered to be in the range of 160 to 200 mg/dL
(8.8—-11.1 mmol/L).° Insulin administration was appropriate
only when blood glucose exceeded 215 mg/dL (12 mmol/L),
because at such levels it may induce osmotic diuresis and
fluid shifts that may be clinically undesirable.

NORMOGLYCEMIA IN CRITICALLY
ILL PATIENTS

In 2001, in a single-center randomized controlled study,
van den Berghe et al.' found that IIT reduced mortality
and morbidity in selected surgical patients (Leuven I). In
this trial, 1548 mechanically ventilated surgical patients
requiring intensive care were allocated randomly to the
IIT group (target glucose: 80—110 mg/dL [4.4—6.1 mmol/L]),
starting insulin administration when blood glucose levels
exceeded 110 mg/dL (6.1 mmol/L), or to a conventional
treatment group (target glucose range: 180-200 mg/dL
[10.0-11.1 mmol/L]), starting insulin administration when
blood glucose levels exceeded 215 mg/dL (11.9 mmol/L).

In this trial, ventilated postoperative intensive care
unit (ICU) patients allocated to IIT had a 43% relative risk
reduction for ICU mortality (8.0% vs. 4.6%, p =.04), when
compared with patients receiving conventional glucose
control. The benefit of IIT occurred particularly in the
patients receiving intensive care for more than 5 days (ICU
mortality: 20.2% vs. 10.6%, p = .005) and with multiple-
organ failure with proven septic focus. IIT also decreased the
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duration of ventilatory support and ICU stay; reduced the
need for blood transfusions; and reduced the incidence of
bloodstream infections, critical illness polyneuropathy, and
acute renal injury. Logistic regression analysis indicated that
the reduction of blood glucose levels, not the administration
of insulin, explained the clinical benefit.” However, because
more than 60% of patients in this trial were postcardiac
surgery patients, the benefit of IIT may be altered in other
ICUs with a different case mix.*

In 2006 the same research group assessed the benefit of
[T in a medical ICU (Leuven II).” The protocol of blood
glucose management was the same as previously reported
in the Leuven I trial." In the intention-to-treat analysis of
1200 patients, IIT did not significantly reduce hospital
mortality (40.0% in the conventional treatment group vs.
37.3% in the intensive treatment group, p =.33). However,
morbidity was significantly reduced by the prevention of
newly acquired renal injury, accelerated weaning from
mechanical ventilation, and accelerated discharge from
the ICU and the hospital. However, in a post-hoc analysis,
among 433 patients who stayed in the ICU for less than 3
days, mortality was greater among those receiving IIT. In
contrast, among 767 patients who stayed in the ICU for 3
or more days, mortality was reduced in the IIT group from
52.5% to 43.0% (p = .009); morbidity also was reduced
(Table 79.1).

In 2009 the Normoglycemia in Intensive Care Evaluation-
Survival Using Glucose Algorithm Regulation (NICE-
SUGAR) study compared IIT (target glucose: 81-108 mg/dL
[4.5-6.0 mmol/L]) with conventional glucose control (target
glucose: <180 mg/dL [£10.0 mmol/L]) in 6104 ICU patients
treated in 42 hospitals across Australia, New Zealand,
and Canada.” In contrast to the Leuven studies, patients
randomized to IIT in the NICE-SUGAR study had a 2.6%
excess 90-day mortality compared with patients receiving
conventional glucose control (24.9% vs. 27.5%, p = .02).

In addition to the Leuven studies and the NICE-SUGAR
study, two single-center'""” and four multicenter RCTs"*"°
have compared IIT with conventional blood glucose control
in a total of almost 6000 patients. Neither of these studies
found a significant difference in mortality between the
two glucose management strategies in patients with severe
sepsis,” in patients with septic shock,” or in mixed ICU
patients'"'*'*'® (see Table 79.1).

OTHER KEY STUDIES OF GLUCOSE CONTROL
AND INSULIN THERAPY

Chronic Glucose Control in Patients With
Diabetes Mellitus

In 1993 in the Diabetes Control and Complications Trial
of 1441 type 1 diabetes patients, strict blood glucose control
(mean blood glucose 155 mg/dL [8.6 mmol/L]) was shown
to reduce the rate of progression in retinopathy, nephropathy,
and peripheral and autonomic neuropathy over a 6-year
follow-up in comparison with conventional treatment (mean
blood glucose 230 mg/dL [12.8 mmol/L])."” Furthermore,
strict blood glucose control was later shown to reduce the
risk of any cardiovascular event and the risk of nonfatal
myocardial infarction, stroke, or death from cardiovascular
disease over a 17-year follow-up.”” In 1998 the United
Kingdom Prospective Diabetes Study showed that strict
blood glucose control in patients with type 2 diabetes
decreased hemoglobin A1C (HbA1c) by 0.7% and reduced
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TABLE 79.1
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Nine Randomized Control Trials to Assess the Benefit of Normoglycemia in Intensive Care Patients

DEATH DURING INTENSIVE CARE*

INCIDENCE OF HYPOGLYCEMIA®

CONVENTIONAL INTENSIVE INSULIN CONVENTIONAL INTENSIVE INSULIN RELATIVE
TREATMENT TREATMENT P-VALUE  TREATMENT TREATMENT P-VALUE  RISK
Leuven I' 63/783 (8.0%) 35/765 (4.6%) <0.04 6/783 (0.8%) 39/765 (5.1%) <0.001  6.65
Leuven II’ 145/381 (38.1%) 121/386 (31.3%) 0.05 15/381 (3.9%) 97/386 (25.1%) <0.001 6.38
(ICU stay >
3 days)
Leuven I’ 162/605 (26.8%) 144/595 (24.2%) 0.3 19/605 (3.1%) 111/595 (18.7%) <0.001  5.94
(all patients)
VISEP" 53/241 (21.9%) 53/247 (21.6%) 1.0 5/241 (2.1%) 30/247 (12.1%) <0.001  6.38
Arabi"! 44/257 (17.1%) 36/266 (13.5%) 0.3 8/257 (3.1%) 76/266 (28.6%) <0.001 NR
de la Rosa' 78/250 (31.2%) 84/254 (33.1%) 0.6 2/250 (0.8%) 21/254 (8.3%) <0.001 NR
NICE- 498/3014 (16.5%) 546/3014 (18.1%) 0.1 15/3014 (0.5%) 206/3016 (6.8%) <0.001 14.7
SUGAR"
Glucontrol™ 83/542 (15.3%) 92/536 (17.2%) 0.4 13/542 (2.4%) 44/536 (8.2%) <0.001 NR
COIITSS* 109/254 (42.9%) 117/255 (45.9%) 0.5 20/254 (7.8%) 42/255 (16.4%) 0.003 NR
CGAO-REA'® 310/1312 (23.6 %) 302/1336 (22.6 %) 0.5 79/1284 (6.2%) 174/1317 (13.2%) <0.001 NR

°In the VISEP trial, short-term mortality was assessed with 28-day mortality; in the COIITSS trial, in-hospital mortality is reported.

"Hypoglycemia was defined as a glucose concentration less than 40 mg/dL (2.2 mmol/L).

CGAO-REA, Computerized Glucose Control in Critically Ill Patients; COIITSS, Corticosteroid Treatment and Intensive Insulin Therapy for Septic Shock;
ICU, intensive care unit; IIT, intensive insulin therapy; NICE-SUGAR, Normoglycemia in Intensive Care Evaluation-Survival Using Glucose Algorithm
Regulation; VISEP, Efficacy of Volume Substitution and Insulin Therapy in Severe Sepsis.

the incidence of retinopathy, microalbuminuria, cataracts,
and myocardial infarction."

However, in 2008 the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) study found that intensive
glucose lowering therapy to control HbA1lc below 6% in
patients with type 2 diabetes led to more severe hypoglycemia
episodes and increased mortality (hazard ratio, 1.22; 95%
CI, 1.01-1.46; p = .04) compared with standard therapy
(HbA1c target: 7.0%—-7.9%).”° A post-hoc analysis of the
ACCORD data revealed that the higher mortality in the
intensive therapy group was confined to patients with poorly
controlled diabetes at study inception.”

Thus improving blood glucose control in chronic diabetic
mellitus appears to be effective in preventing complications
and is considered desirable for the chronic management
of diabetes. However, because intensive glucose control
may not be beneficial for all patients, the concept of “per-
sonalized” glycemic control is rapidly emerging.

Acute Glucose Control in Patients With Acute
Coronary Syndrome

In 1995 the Diabetes and Insulin Glucose Infusion in Acute
Myocardial Infarction study assessed the benefit of lowering
blood glucose from 277 to 173 mg/dL (from 15.4 to
9.6 mmol/L) in patients with diabetes with an acute myo-
cardial infarction. Patients with the intensive treatment
had improved 1-year survival but no change in short-term
survival (in hospital and 3 months).*

In 2005 the Diabetes Mellitus Insulin Glucose Infusion
in Acute Myocardial Infarction 2 study randomized more
than 1000 patients with myocardial infarction to receive
either insulin infusion or routine metabolic treatment; the
study failed to show any benefit on mortality.**

In 2005 the Clinical Trial of Reviparin and Metabolic
Modulation in Acute Myocardial Infarction Treatment
Evaluation/Estudios Cardioldgicas Latin America Study
Group study randomized 20,201 patients with acute ST-
segment elevation myocardial infarction to a glucose-insulin
potassium infusion regimen or usual care.** The trial found

no benefit in morbidity and mortality from the intervention
despite a reduction in blood glucose levels.

In 2013 the BIOMarker study to identify the Acute risk
of a Coronary Syndrome-2 (BIOMArCS-2) trial randomized
294 patients with acute coronary syndrome and hypergly-
cemia (blood glucose 140-288 mg/dL [7.8—16 mmol/L]) to
IIT (target glucose: 85—-110 mg/dL [4.7-6.1 mmol/L]) or
conventional glucose management (target glucose: <288 mg/
dL [16 mmol/L]). No difference in myocardial infarct size
(defined by elevated high-sensitivity troponin T and myo-
cardial perfusion scintigraphy) was found. However, the
composite of death or a second myocardial infarct increased
with IIT (5.7% vs. 0.7%, p = .04).”

Acute Glucose Control in Patients With Diabetes

The uniform approach to glycemic control in critically ill
patients with and without diabetes mellitus, as advocated by
all RCTs in the field to date, recently has been challenged.
Egi et al. demonstrated that an average blood glucose level
between 180 and 252 md/dL (10-14 mmol/L) compared to a
level between 108 and 180 md/dL (6—10 mmol/L) during ICU
admission was associated with lower mortality in patients
with diabetes with chronic hyperglycemia (HbA1lc >6.8%)
before ICU admission (Fig. 79.1).° In addition, although more
severe hyperglycemia (>14 mmol/L) was associated with
greater mortality in patients without diabetes and in patients
with diabetes with adequate premorbid control (HbA1lc
<7%), Plummer et al. failed to demonstrate an association
between severe hyperglycemia and mortality in patients with
HbA1c >7%.” Therefore these studies suggest that patients
with diabetes adapted to a chronic hyperglycemic state
may tolerate higher glucose levels and that conventional
glucose targets may not be safe for these patients.

In contrast to hyperglycemia, it is now well established
that even mild hypoglycemia (<70 mg/dL [3.9 mmol/L]) is
associated with increased mortality in critically ill patients
with and without diabetes.”” However, patients with poorly
controlled diabetes not only have a greater risk of developing
hypoglycemia but also a higher hypoglycemia-associated
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FIGURE 79.1 Relationship between mean
blood glucose in ICU, HbA1c, and hospital
survival in 415 patients with diabetes
mellitus. Survivors with poor pre-ICU
glycemic control (HbAlc > 6.8%) had
significantly greater mean blood glucose
in ICU than nonsurvivors. (Modified from
Egi M, Krinsley JS, Maurer P, et al. Pre-
morbid glycemic control modifies the
interaction between acute hypoglycemia

Time weighted glucose in mmol/L

and mortality. Intensive Care Med.
2016;42(4]:562-567.)

mortality risk than patients without diabetes or with well-
controlled diabetes.”’ In their aggregate, these observational
findings imply that more liberal blood glucose targets may
be justified in patients with diabetes. Indeed, recent pilot
studies suggest that such “permissive hyperglycemia”
(glucose target: 180-252 mg/dL [10-14 mmol/L]) reduces
the occurrence rate of hypoglycemia without causing harm
in patients with diabetes.””’' However, high-level evidence
of net clinical gain to support practice change in critically
ill diabetics is currently lacking.

BLOOD GLUCOSE CONTROL AND ACUTE
KIDNEY INJURY

In the Leuven I trial," IIT was shown to reduce acute
kidney injury as defined by (1) a peak plasma creatinine
concentration more than 2.5 mg/dL (12.3% to 9.0%, p =
.04), (2) a peak plasma urea nitrogen concentration more
than 54 mg/dL (11.2% to 7.7%, p =.02), and (3) the need
for renal replacement therapy (8.2% to 4.8%, p = .007).
Similarly, in the Leuven II trial, IIT was shown to reduce
acute kidney injury as defined by either a level of serum
creatinine twice that present on admission to the ICU or
a peak level of serum creatinine of greater than 2.5 mg/dL
(8.9% to 5.9%, p = .04).°

In contrast to the two Leuven studies, none of the
subsequent RCTs on glycemic control in critically ill patients
demonstrated a significant difference in the presence or
severity of acute kidney injury and/or RRT requirement
between patients managed with IIT or conventional glucose
control (VISEP, Arabi, de la Rosa, NICE-SUGAR, Glucon-
trol)."""* In contrast with chronic diabetic nephropathy
(where injury is mostly glomerular), the pathophysiology
of acute kidney injury in critically ill patients is not clearly
identified. Thus the mechanism by which IIT prevented
acute renal injury in the Leuven studies remains unclear.

BLOOD GLUCOSE CONTROL AND INFECTIONS

Patients with diabetes are at greater risk of infection. Even
acute short-term hyperglycemia may affect the immune
response and impair the ability of patients to deal with

HbA1c <6

HbA1c 6-7 HbA1c7-8 HbA1c8-9 HbA1c9-10 HbA1c> 10

infection. Experimentally, hyperglycemia impairs (1)
neutrophil activity (chemotaxis, formation of reactive oxygen
species, phagocytosis of bacteria), (2) microvascular reactiv-
ity to dilating agents such as bradykinin, and (3) complement
function (opsonization, chemotaxis), despite elevations of
complement factors.

In critically ill patients, poor glycemic control defined
as more than 200 mg/dL (11.1 mmol/L) is associated with
increasing wound infection.’>* Introducing stricter blood
glucose control reduces wound complication.”** In the
Leuven I trial (surgical patients),' IIT reduced the incidence
of septicemia by 46% and reduced the mortality of patients
with a proven septic focus. In 2004 Grey et al.”® showed
that strict glucose control (targeted blood glucose less than
140 mg/dL [7.8 mmol/L]) reduced nosocomial infection
significantly when compared with standard glucose control
(targeted blood glucose: 180—220 mg/dL [10-12.2 mmol/L])
in 61 predominantly nondiabetic, general surgical ICU
patients. However, in the VISEP trial,"® which specifically
targeted septic critically ill patients, IIT had no benefit on
mortality in comparison with conventional treatment.
Finally, subsequent RCTs comparing infectious complications
between patients managed with IIT and standard glucose
control have failed to demonstrate any significant difference
in the incidence of ICU acquired infections'"'*"* or the
duration of antiinfective therapy in ICU."*"°

Thus no strong evidence suggests that targeting normo-
glycemia is able to reduce the incidence of infection and
mortality from sepsis compared with targeted mild hyper-
glycemia below 200 mg/dL (11.1 mmol/L).

BLOOD GLUCOSE CONTROL AND
NUTRITIONAL SUPPORT

Nutritional support should affect blood glucose control. In
the Leuven trials, nutritional support in IIT and conventional
treatment groups was scheduled in the form of continuous
intravenous glucose (800-1200 kcal/day) on admission day,
and then 20 to 30 nonprotein kcal/kg/day as total parenteral
nutrition, enteral feeding, or both combined. In contrast,
less than 100 kcal/day of intravenous glucose and less than
900 kcal/day (approximately equivalent to 11 kcal/kg/day)
as total nonprotein calories was administered on average
over the first 2 weeks in ICU in the NICE-SUGAR study.
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Although there is little information about “optimal”
caloric intake in critically ill patients, hypercaloric nutri-
tion (35 to 40 kcal/kg/day) to critically ill patients may be
associated with increased rates of infection and metabolic
complications.” Furthermore, der Voort et al.”® reported
that, in critically ill patients requiring intensive care more
than 7 days, the amount of intravenous glucose infusion,
not mean blood glucose control, was associated with greater
ICU and hospital mortality.

The benefit of a targeted blood glucose strategy may be
different with different approaches to nutritional support
as suggested by the contradictive results in the Leuven
studies and the NICE-SUGAR study, and a high amount
of intravenous glucose administration may be harmful.
In addition, permissive underfeeding (caloric target:
40%-60% of calculated requirements) as compared with
standard feeding (caloric target: 70%—-100% of calculated
requirements) lowered blood glucose levels and reduced
insulin requirements without causing harm in a recent
trial.” Similarly, using diabetes-specific high-protein for-
mulas for enteral nutrition reduced insulin requirements,
mean glucose, the occurrence rate of hypoglycemia, and
glycemic variability in another small RCT.* Therefore
physicians may need to pay attention to their nutritional
strategy as much as to blood glucose control in critically ill
patients.

INCIDENCE OF HYPOGLYCEMIA RELATED TO
LOWERING BLOOD GLUCOSE CONTROL

Although early evidence suggested a benefit from stricter
blood glucose control, widespread implementation of such
[T protocols across multiple centers in NICE-SUGAR
showed a robust signal of harm. In addition to the workload
associated with maintaining normoglycemia in the ICU,
the major “cost” of IIT appears to be related to the increased
incidence of hypoglycemia (see Table 79.1).

In the Leuven I trial," hypoglycemia, defined as a blood
glucose less than 40 mg/dL (2.2 mmol/L), was seen in 5.2%
of patients in the IIT group and in 0.8% in the conventional
group. This increase in the incidence of hypoglycemia
associated with introducing normoglycemia was also seen
in medical ICU” patients (18.7% vs. 3.1%), and was dem-
onstrated consistently in all the following IIT trials con-
ducted to date. These observations raise the issue of safety
with IIT.

To minimize the incidence of hypoglycemia, physicians
need to (1) develop a nutritional and insulin administration
protocol that is easy to follow, (2) train nurses to achieve
targeted blood glucose control, (3) measure blood glucose
concentration frequently, and (4) target blood glucose levels
within a mild hyperglycemic range as suggested by the
NICE-SUGAR trial. If continuous blood glucose measure-
ments could be developed and used as a reliable tool, it
should reduce the “cost” of glycemic control.

VARIABILITY (FLUCTUATION) OF BLOOD
GLUCOSE CONTROL IN CRITICALLY
ILL PATIENTS

In the Leuven I trial, IIT reduced mean blood glucose
concentration and mortality. It also reduced the standard

deviation of blood glucose concentration, an accepted
measure of variability, from 33 mg/dL (1.83 mmol/L) in
the conventional control group to 19 mg/dL (1.05 mmol/L)
in the IIT group—a relative reduction of 42%. However,
the benefit of IIT was ascribed to a reduction in the mean
glucose concentration rather than minimization of its
variability. Fluctuations in glucose concentration may be
pathophysiologically important, especially from a neuro-
logic perspective, and possibly as important as sustained
hyperglycemia and episodes of hypoglycemia.

Egi et al.*' reported data from a large multicenter cohort
of patients and set of glucose measurements and found that
the standard deviation and coefficient of variation of glucose
were independent predictors of ICU and hospital mortality
and that their predictive ability was greater than that of
the mean blood glucose concentration. This finding is
consistent with data on acute hyperglycemia in pediatric
critically ill patients** and chronic type 2 diabetes mellitus
patients.*’

Decreasing the variability of blood glucose concentra-
tion may be an important dimension of glucose manage-
ment, a possible mechanism by which IIT exerted its
beneficial effects in the Leuven studies and an important
goal of glucose management in ICU. Continuous glucose
measurements may assist in achieving less variability
(higher quality) of blood glucose control in critically ill
patients.

RECENT RECOMMENDATIONS FOR BLOOD
GLUCOSE CONTROL IN THE CRITICALLY ILL

In the Surviving Sepsis Campaign guidelines,** main-
tenance of blood glucose levels less than 180 mg/dL
(10 mmol/L) using continuous infusion of insulin was
recommended with a Grade 1A recommendation. With
use of this approach, measuring glucose frequently—after
introducing lowering blood glucose (every 1-2 hours) and
on a regular basis (every 4 hours) once the blood glucose
concentration has stabilized—also was recommended
(grade 1C). The most recent consensus statement from
the American Diabetes Association also supported these
recommendations.*

CONCLUSION

Acute hyperglycemia is a common condition in critically ill
patients. Using intensive insulin therapy to normalize blood
glucose in these patients is not recommended because of
the high risk of hypoglycemia and evidence of harm from a
large multicenter, multinational randomized controlled trial.
In addition, the previous belief that normoglycemia reduces
the incidence of acute renal injuries and ICU acquired
infections has been refuted by several randomized trials.
Therefore, based on available evidence and consensus guide-
lines, it is justified to recommend insulin infusion when
blood glucose is above 180 mg/dL (10 mmol/L) and adjust
the dose to target a blood glucose concentration between
108 and 180 mg/dL (6—10 mmol/L). However, emerging
evidence suggest that patients with diabetes with poor
premorbid glycemic control may benefit from more liberal
glucose targets in ICU. The best approach to glucose manage-
ment in patients with diabetes must be explored in future
trials.



Key Points

. Acute hyperglycemia is common in critically ill
patients. This “stress-induced hyperglycemia” is
not yet defined by specific diagnostic criteria.

. Stress-induced hyperglycemia, up to 215 mg/dL
(12 mmol/L), was believed to be a beneficial physi-
ologic response that promoted cellular glucose
uptake.

. The largest multicenter prospective randomized
control trial demonstrated that intensive care unit
patients allocated to intensive insulin therapy
(target glucose: 81-108 mg/dL [4.5—6.0 mmol/L])
had a 2.6% excess mortality when compared with
patients receiving conventional glucose control
(target glucose < 180 mg/dL [10.0 mmol/L]).

. Recent recommendations suggest that blood glucose
should be kept at less than 180 mg/dL (10.0 mmol/L)
using continuous infusion of insulin (Grade 1A).
. No strong evidence suggests that mild hypergly-
cemia (108—180 mg/dL) increases the risk of renal
injury or nosocomial infections.

6. Physicians should be aware that the benefit of
intensive insulin therapy may be altered by dif-
ferent case-mix and nutritional support.

7. Novel observational data suggest that critically
ill patients with diabetes with an HbA1c above
7% benefit from moderate hyperglycemia (blood
glucose > 180 mg/dL).

Key References

van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in critically ill patients. N Engl ] Med. 2001;345:1359-1367.

Finfer S, Chittock DR, Su SY, et al. Intensive versus conven-
tional glucose control in critically ill patients. N Engl | Med.
2009;360:1283-1297.

Egi M, Bellomo R, Stachowski E, et al. The interaction of chronic
and acute glycemia with mortality in critically ill patients with
diabetes. Crit Care Med. 2011;39:105-111.

Finfer S, Liu B, Chittock DR, et al. Hypoglycemia and risk of death
in critically ill patients. N Engl | Med. 2012;367:1108-1118.
Egi M, Krinsley JS, Maurer P, et al. Pre-morbid glycemic control
modifies the interaction between acute hypoglycemia and mortal-

ity. Intensive Care Med. 2016.

A complete reference list can be found online at ExpertConsult.com.



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

van den Berghe G, Wouters P, Weekers F, et al. Intensive
insulin therapy in critically ill patients. N Engl ] Med.
2001;345:1359-1367.

. Shangraw RE, Jahoor F, Miyoshi H, et al. Differentiation

between septic and postburn insulin resistance. Metabolism.
1989;38:983-989.

. Virkamaki A, Yki-Jarvinen H. Mechanisms of insulin resistance

during acute endotoxemia. Endocrinology. 1994;134:2072-2078.

. Khani S, Tayek JA. Cortisol increases gluconeogenesis

in humans: its role in the metabolic syndrome. Clin Sci.
2001;101:739-747.

. Watt MJ, Howlett KF, Febbraio MA, et al. Adrenaline increases

skeletal muscle glycogenolysis, pyruvate dehydrogenase activa-
tion and carbohydrate oxidation during moderate exercise in
humans. J Physiol. 2001;534:269-278.

. Vincent JL, Abraham E, Annane D, et al. Reducing mortality

in sepsis: new directions. Crit Care. 2002;6(suppl 3):S1-S18.

. Van den Berghe G, Wouters PJ, Bouillon R, et al. Outcome

benefit of intensive insulin therapy in the critically ill: insulin
dose versus glycemic control. Crit Care Med. 2003;31:359-366.

. Egi M, Bellomo R, Stachowski E, et al. Intensive insulin therapy

in postoperative intensive care unit patients: a decision analysis.
Am ] Respir Crit Care Med. 2006;173:407-413.

. Van den Berghe G, Wilmer A, Hermans G, et al. Intensive

insulin therapy in the medical ICU. N Engl ] Med. 2006;354:
449-461.

Finfer S, Chittock DR, Su SY, et al. Intensive versus conven-
tional glucose control in critically ill patients. N Engl | Med.
2009;360:1283-1297.

Arabi YM, Dabbagh OC, Tamim HM, et al. Intensive versus
conventional insulin therapy: a randomized controlled trial
in medical and surgical critically ill patients. Crit Care Med.
2008;36:3190-3197.

De La Rosa Gdel C, Donado JH, Restrepo AH, et al. Strict
glycaemic control in patients hospitalised in a mixed medical
and surgical intensive care unit: a randomised clinical trial.
Crit Care. 2008;12:R120.

Brunkhorst FM, Engel C, Bloos F, et al. Intensive insulin therapy
and pentastarch resuscitation in severe sepsis. N Engl ] Med.
2008;358:125-139.

Preiser JC, Devos P, Ruiz-Santana S, et al. A prospective ran-
domised multi-centre controlled trial on tight glucose control
by intensive insulin therapy in adult intensive care units: the
Glucontrol study. Intensive Care Med. 2009;35:1738-1748.
Annane D, Cariou A, Maxime V, et al. Corticosteroid treatment
and intensive insulin therapy for septic shock in adults: a
randomized controlled trial. JAMA. 2010;303:341-348.
Kalfon P, Giraudeau B, Ichai C, et al. Tight computerized
versus conventional glucose control in the ICU: a randomized
controlled trial. Intensive Care Med. 2014;40:171-181.

The Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl ] Med. 1993;329:
977-986.

Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes
treatment and cardiovascular disease in patients with type 1
diabetes. N Engl ] Med. 2005;353:2643-2653.

UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33). Lancet. 1998;352:837-853.
Gerstein HC, Miller ME, Byington RP, et al. Effects of
intensive glucose lowering in type 2 diabetes. N Engl ] Med.
2008;358:2545-2559.

Hempe JM, Liu S, Myers L, et al. The hemoglobin glycation
index identifies subpopulations with harms or benefits from
intensive treatment in the ACCORD trial. Diabetes Care.
2015;38:1067-1074.

Malmberg K. Prospective randomised study of intensive insulin
treatment on long term survival after acute myocardial infarction
in patients with diabetes mellitus. DIGAMI (Diabetes Mellitus,

Chapter 79 / Blood Glucose Control in Critical Care

23.

24.

25.

26.
27.
28.
29.

30.

31.
32.
33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

469.e1l

Insulin Glucose Infusion in Acute Myocardial Infarction) Study
Group. BM]J. 1997;314:1512-1515.

Malmberg K, Ryden L, Wedel H, et al. Intense metabolic control
by means of insulin in patients with diabetes mellitus and
acute myocardial infarction (DIGAMI 2): effects on mortality
and morbidity. Eur Heart J. 2005;26:650-661.

Mehta SR, Yusuf S, Diaz R, et al. Effect of glucose-insulin-
potassium infusion on mortality in patients with acute ST-
segment elevation myocardial infarction: the CREATE-ECLA
randomized controlled trial. JAMA. 2005;293:437-446.

de Mulder M, Umans VA, Cornel JH, et al. Intensive glucose
regulation in hyperglycemic acute coronary syndrome: results
of the randomized BIOMarker study to identify the acute risk
of a coronary syndrome-2 (BIOMArCS-2) glucose trial. JAMA
Intern Med. 2013;173:1896-1904.

Egi M, Bellomo R, Stachowski E, et al. The interaction of chronic
and acute glycemia with mortality in critically ill patients with
diabetes. Crit Care Med. 2011;39:105-111.

Plummer MP, Bellomo R, Cousins CE, et al. Dysglycaemia in the
critically ill and the interaction of chronic and acute glycaemia
with mortality. Intensive Care Med. 2014;40:973-980.

Finfer S, Liu B, Chittock DR, et al. Hypoglycemia and risk of
death in critically ill patients. N Engl ] Med. 2012;367:1108-
1118.

Egi M, Krinsley JS, Maurer P, et al. Pre-morbid glycemic control
modifies the interaction between acute hypoglycemia and
mortality. Intensive Care Med. 2016.

Di Muzio F, Presello B, Glassford NJ, et al. Liberal Versus
Conventional Glucose Targets in Critically Ill Diabetic Patients:
An Exploratory Safety Cohort Assessment. Crit Care Med.
2016.

Kar P, Plummer MP, Bellomo R, et al. Liberal glycemic control
in critically ill patients with type-2 diabetes: an exploratory
study. Crit Care Med [in press]. 2016.

Zerr KJ, Furnary AP, Grunkemeier GL, et al. Glucose control
lowers the risk of wound infection in diabetics after open
heart operations. Ann Thorac Surg. 1997;63:356-361.

Laird AM, Miller PR, Kilgo PD, et al. Relationship of early
hyperglycemia to mortality in trauma patients. J Trauma.
2004;56:1058-1062.

Furnary AP, Zerr KJ, Grunkemeier GL, et al. Continuous intra-
venous insulin infusion reduces the incidence of deep sternal
wound infection in diabetic patients after cardiac surgical
procedures. Ann Thorac Surg. 1999;67:352-360, discussion
360-352.

Lazar HL, Chipkin SR, Fitzgerald CA, et al. Tight glycemic
control in diabetic coronary artery bypass graft patients
improves perioperative outcomes and decreases recurrent
ischemic events. Circulation. 2004;109:1497-1502.

Grey NJ, Perdrizet GA. Reduction of nosocomial infections
in the surgical intensive-care unit by strict glycemic control.
Endocr Pract. 2004;10(suppl 2):46-52.

Schloerb PR, Henning JF. Patterns and problems of adult total
parenteral nutrition use in US academic medical centers. Arch
Surg. 1998;133:7-12.

der Voort PH, Feenstra RA, Bakker AJ, et al. Intravenous glucose
intake independently related to intensive care unit and hospital
mortality: an argument for glucose toxicity in critically ill
patients. Clin Endocrinol (Oxf). 2006;64:141-145.

Arabi YM, Aldawood AS, Haddad SH, et al. Permissive
Underfeeding or Standard Enteral Feeding in Critically Ill
Adults. N Engl ] Med. 2015;372:2398-2408.

Mesejo A, Montejo-Gonzalez JC, Vaquerizo-Alonso C, et al.
Diabetes-specific enteral nutrition formula in hyperglycemic,
mechanically ventilated, critically ill patients: a prospective,
open-label, blind-randomized, multicenter study. Crit Care.
2015;19:390.

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

Wintergerst KA, Buckingham B, Gandrud L, et al. Associa-
tion of hypoglycemia, hyperglycemia, and glucose variability
with morbidity and death in the pediatric intensive care unit.
Pediatrics. 2006;118:173-179.



469.e2

43.

44,

Monnier L, Mas E, Ginet C, et al. Activation of oxidative
stress by acute glucose fluctuations compared with sustained
chronic hyperglycemia in patients with type 2 diabetes. JAMA.
2006;295:1681-1687.

Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis
Campaign: international guidelines for management of severe

Section 14 / Metabolism and Nutrition in Critical Illness and Acute Kidney Injury

sepsis and septic shock, 2012. Intensive Care Med. 2013;39:
165-228.

45, Standards of medical care in diabetes—2012. Diabetes Care.
2012;35(suppl 1):511-S63.



	Chapter 000 - Cover.pdf
	a.pdf
	b.pdf
	c.pdf
	d.pdf
	e.pdf

	Chapter 001 - The Critically Ill Patient.pdf
	Chapter 002 - The Pathophysiologic Foundations of Critical Care.pdf
	Chapter 003 - Mechanical Ventilation.pdf
	Chapter 004 - Hemodynamic Support in the Critically Ill Patient.pdf
	Chapter 005 - Monitoring Organ Dysfunction in Critical Care.pdf
	Chapter 006 - Kidney-Specific Severity Scores.pdf
	Chapter 007 - The Physiology of the Glomerulus.pdf
	Chapter 008 - The Physiology of the Loop of Henle.pdf
	Chapter 009 - Glomerular Filtration Rate, Renal Functional Reserve, and Kidney Stress Testing.pdf
	Chapter 010 - Renal Energy Consumption and Metabolism.pdf
	Chapter 011 - Acute Kidney Injury_ From Clinical to Molecular Diagnosis.pdf
	Chapter 012 - Community- and Hospital-Acquired Acute Kidney Injury.pdf
	Chapter 013 - Epidemiology of Acute Kidney Injury in Critically Ill Patients.pdf
	Chapter 014 - Acute Kidney Injury in Patients With Chronic Kidney Disease.pdf
	Chapter 015 - Genetic Predisposition for Acute Kidney Injury (AKI).pdf
	Chapter 016 - Risk Factors and Risk Assessment in Acute Kidney Injury.pdf
	Chapter 017 - Experimental Models of Acute Kidney Injury.pdf
	Chapter 018 - Renal Blood Flow and Perfusion Pressure.pdf
	Chapter 019 - Humoral Mediators in Sepsis.pdf
	Chapter 020 - Cell Death Pathways_ Apoptosis and Regulated Necrosis.pdf
	Chapter 021 - Pathogen-Associated Molecular Patterns, Damage-Associated Molecular Patterns, and Their Receptors in Acute Kidney Injury.pdf
	Chapter 022 - Acute Kidney Disease.pdf
	Chapter 023 - Acute Kidney Disease, Renal Recovery, and Post–Acute Kidney Injury Care.pdf
	Chapter 024 - The Role of Biomarkers in the Diagnosis and Management of Acute Kidney Injury.pdf
	Chapter 025 - Functional Biomarkers.pdf
	Chapter 026 - Damage Biomarkers.pdf
	Chapter 027 - Kidney Stress Biomarkers.pdf
	Chapter 028 - Renal Repair and Recovery.pdf
	Chapter 029 - Maladaptive Repair and Progression to CKD.pdf
	Chapter 030 - Biomarkers of Recovery and_or Repair Following Acute Kidney Injury.pdf
	Chapter 031 - Practical Considerations of Renal Biopsies in Critical Care Patients.pdf
	Chapter 032 - Localization of Injury and Repair Pathways.pdf
	Chapter 033 - Ultrasonography and Doppler Techniques.pdf
	Chapter 034 - Contrast-Enhanced Renal Ultrasound.pdf
	Chapter 035 - Traditional Radiology, Computed Tomography, and Magnetic Resonance Imaging in Critical Care Nephrology.pdf
	Chapter 036 - Radionuclides Diagnostic Techniques.pdf
	Chapter 037 - Multiple Organ Dysfunction.pdf
	Chapter 038 - Acute Kidney Injury in Burns and Trauma.pdf
	Chapter 039 - Drug-Induced Acute Kidney Injury.pdf
	Chapter 040 - Acute Kidney Injury in Pregnancy.pdf
	Chapter 041 - Acute Kidney Injury in Oncology and Tumor Lysis Syndrome.pdf
	Chapter 042 - Acute Kidney Injury in Cardiac Surgery.pdf
	Chapter 043 - Acute Kidney Injury in Major Surgery.pdf
	Chapter 044 - Acute Kidney Injury in Heart Failure.pdf
	Chapter 045 - Acute Kidney Injury in Cirrhosis.pdf
	Chapter 046 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 047 - Acute Glomerulonephritis.pdf
	Chapter 048 - Contrast-Induced Acute Kidney Injury.pdf
	Chapter 049 - Abdominal Compartment Syndrome.pdf
	Chapter 050 - Hemolytic Uremic Syndrome.pdf
	Chapter 051 - Nonpharmacologic Management of Acute Renal Injury.pdf
	Chapter 052 - Novel Drugs for Acute Kidney Injury.pdf
	Chapter 053 - Remote Ischemic Preconditioning.pdf
	Chapter 054 - Blood Biochemistry_ Measuring Major Plasma Electrolytes.pdf
	Chapter 055 - Assessment of Urine Biochemistry.pdf
	Chapter 056 - Disorders of Sodium and Water Balance.pdf
	Chapter 057 - Disorders of Potassium and Magnesium.pdf
	Chapter 058 - Calcium and Phosphate Physiology.pdf
	Chapter 059 - Principles of Fluid Therapy.pdf
	Chapter 060 - Blood Transfusion Therapy.pdf
	Chapter 061 - Loop and Thiazide Diuretics.pdf
	Chapter 062 - Vaptans and the Treatment of Hyponatremia.pdf
	Chapter 063 - Aldosterone Antagonists, Amiloride, and Triamterene.pdf
	Chapter 064 - Laboratory Tests_ Blood Gases, Anion Gap, and Strong Ion Gap.pdf
	Chapter 065 - Acid-Base Physiology and Diagnosis of Disorders.pdf
	Chapter 066 - Metabolic Acidosis.pdf
	Chapter 067 - Hyperlactatemia and Lactic Acidosis.pdf
	Chapter 068 - Renal Tubular Acidosis.pdf
	Chapter 069 - Metabolic Alkalosis.pdf
	Chapter 070 - Respiratory Acid-Base Disorders.pdf
	Chapter 071 - Iatrogenic and Poison-Derived Acid Base Disorders.pdf
	Chapter 072 - Energy Requirement and Consumption in the Critically Ill Patient.pdf
	Chapter 073 - Impact of Renal Replacement Therapy on Metabolism and Nutrient Requirements in the Critically Ill Patient.pdf
	Chapter 074 - Amino Acid Turnover, Protein Metabolism, and Nitrogen Balance in Acute Kidney Injury.pdf
	Chapter 075 - Carbohydrates and Lipids.pdf
	Chapter 076 - Endocrinology of the Stress Response During Critical Illness.pdf
	Chapter 077 - Anemia of Critical Illness.pdf
	Chapter 078 - Management of Nutrition in Acute Kidney Injury and Renal Replacement Therapy.pdf
	Chapter 079 - Blood Glucose Control in Critical Care.pdf
	Chapter 080 - Enteral Nutrition.pdf
	Chapter 081 - Microbiologic Considerations in the Intensive Care Patient.pdf
	Chapter 082 - Innate Immunity and the Kidney.pdf
	Chapter 083 - Adaptive Immunity and Critical Illness.pdf
	Chapter 084 - Spontaneous Bacterial Peritonitis and Hepatorenal Syndrome.pdf
	Chapter 085 - Tropical Infections Causing Acute Kidney Injury.pdf
	Chapter 086 - Sepsis and Septic Shock.pdf
	Chapter 087 - Complement and Its Consequences in Sepsis.pdf
	Chapter 088 - Coagulation Abnormalities in Sepsis.pdf
	Chapter 089 - Endothelial Dysfunction of the Kidney in Sepsis.pdf
	Chapter 090 - Sepsis-Induced Acute Kidney Injury.pdf
	Chapter 091 - Recommendations for Sepsis Management.pdf
	Chapter 092 - Principles of Antimicrobial Prescription in Intensive Care Unit Patients With Acute Kidney Injury.pdf
	Chapter 093 - Renal Replacement Therapy for Septic Acute Kidney Injury.pdf
	Chapter 094 - Blood Purification for Sepsis.pdf
	Chapter 095 - Management of Infection in Patients With Kidney Transplant.pdf
	Chapter 096 - Critical Care Viral Infections.pdf
	Chapter 097 - Principles of Antibiotic Prescription in Intensive Care Unit Patients and Patients With Acute Renal Failure.pdf
	Chapter 098 - Drugs and Antidotes in Acute Intoxication.pdf
	Chapter 099 - Extracorporeal Therapies in Acute Intoxication and Poisoning.pdf
	Chapter 100 - Plasmapheresis in Acute Intoxication and Poisoning.pdf
	Chapter 101 - Poisoning_ Kinetics to Therapeutics.pdf
	Chapter 102 - Bleeding and Hemostasis in Acute Renal Failure.pdf
	Chapter 103 - Gastrointestinal Problems in Acute Kidney Injury.pdf
	Chapter 104 - Cardiovascular Problems in Acute Kidney Injury.pdf
	Chapter 105 - Water and Electrolyte Disturbances in Acute Renal Failure.pdf
	Chapter 106 - Neurologic Problems in Acute Renal Failure.pdf
	Chapter 107 - Immunologic and Infectious Complications of Acute Kidney Injury.pdf
	Chapter 108 - Cellular Response to Acute Kidney Injury.pdf
	Chapter 109 - Heart-Kidney Cross-Talk.pdf
	Chapter 110 - Classification of Cardiorenal Syndrome.pdf
	Chapter 111 - Cardiorenal Syndrome Type 1.pdf
	Chapter 112 - Cardiorenal Syndrome Type 2.pdf
	Chapter 113 - Cardiorenal Syndrome Type 3.pdf
	Chapter 114 - Cardiorenal Syndrome Type 4.pdf
	Chapter 115 - Cardiorenal Syndrome Type 5.pdf
	Chapter 116 - Renal Function During Cardiac Mechanical Support and Artificial Heart.pdf
	Chapter 117 - The Kidney in Diastolic Dysfunction.pdf
	Chapter 118 - Principles of Diuretic Management in Heart Failure.pdf
	Chapter 119 - Management of Overhydration in Heart Failure Patients.pdf
	Chapter 120 - Recent Advances for Stroke Prevention in Patients With Atrial Fibrillation and Advanced Kidney Disease.pdf
	Chapter 121 - Lung-Kidney Cross-Talk.pdf
	Chapter 122 - The Kidney During Mechanical Ventilation.pdf
	Chapter 123 - Extracorporeal Membrane Oxygenation and Renal Function.pdf
	Chapter 124 - Extracorporeal Carbon Dioxide Removal.pdf
	Chapter 125 - Extracorporeal Membrane Oxygenation and Continuous Renal Replacement Therapy in Adults and Children.pdf
	Chapter 126 - Pulmonary-Renal Syndrome.pdf
	Chapter 127 - Liver-Kidney Interaction.pdf
	Chapter 128 - Pathophysiology and Management of the Hepatorenal Syndrome.pdf
	Chapter 129 - Kidney Dysfunction After Liver Transplantation.pdf
	Chapter 130 - Extracorporeal Liver Support Devices.pdf
	Chapter 131 - Treatment of Combined Acute Renal Failure and Cerebral Edema.pdf
	Chapter 132 - Renal Protection in the Organ Donor.pdf
	Chapter 133 - Effect of Extracorporeal Therapies on the Brain.pdf
	Chapter 134 - Components of Fluid Balance and Monitoring.pdf
	Chapter 135 - Noninvasive Methods of Fluid Status Assessment in Critically Ill Patients.pdf
	Chapter 136 - Management of Fluid Overload in Cardiorenal Patients_ The Five B Approach.pdf
	Chapter 137 - Mechanical Fluid Removal.pdf
	Chapter 138 - Indications for Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 139 - Principles of Extracorporeal Circulation and Transport Phenomena.pdf
	Chapter 140 - Membranes and Filters for Use in Acute Renal Failure.pdf
	Chapter 141 - Continuous Renal Replacement Therapy Machine Technology.pdf
	Chapter 142 - Principles of Anticoagulation in Extracorporeal Circuits.pdf
	Chapter 143 - Dialysis Solutions and Replacement Fluids.pdf
	Chapter 144 - Starting and Stopping Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 145 - The Concept of Renal Replacement Therapy Dose and Efficiency.pdf
	Chapter 146 - Quantification of Acute Renal Replacement Therapy.pdf
	Chapter 147 - Principles of Pharmacodynamics and Pharmacokinetics of Drugs Used in Extracorporeal Therapies.pdf
	Chapter 148 - Ethical Considerations in Acute Renal Replacement Therapy.pdf
	Chapter 149 - Intermittent Techniques for Acute Dialysis.pdf
	Chapter 150 - Solute and Water Transport in Hemodialysis_ Dialyzers, Flow Distribution, and Cross-Filtration.pdf
	Chapter 151 - Biocompatibility of the Dialysis System.pdf
	Chapter 152 - Composition of Hemodialysis Fluid.pdf
	Chapter 153 - Indications for and Contraindications to Intermittent Hemodialysis in Critically Ill Patients.pdf
	Chapter 154 - Technical and Clinical Complications of Intermittent Hemodialysis in the Intensive Care Unit.pdf
	Chapter 155 - Correction of Water, Electrolyte, and Acid-Base Derangements by Hemodialysis and Derived Techniques.pdf
	Chapter 156 - Urea Kinetics, Efficiency, and Adequacy of Hemodialysis and Other Intermittent Treatments.pdf
	Chapter 157 - Assessment of Fluid Status and Body Composition and Control of Fluid Balance With Intermittent Hemodialysis in the Critically Ill Patient.pdf
	Chapter 158 - Outcomes of Intermittent Hemodialysis in Critically Ill Patients With Acute Kidney Injury.pdf
	Chapter 159 - Hybrid Dialysis Techniques in the Intensive Care Unit.pdf
	Chapter 160 - The Role of Plasmapheresis in Critical Illness.pdf
	Chapter 161 - Cascade Filtration for ABO Incompatible Transplant.pdf
	Chapter 162 - Nursing Issues and Procedures in Continuous Renal Replacement Therapy.pdf
	Chapter 163 - Indications for Continuous Renal Replacement Therapy_ Renal Replacement Versus Renal Support.pdf
	Chapter 164 - Beginning and Ending Continuous Renal Replacement Therapy in the Intensive Care Unit.pdf
	Chapter 165 - Solute and Water Kinetics in Continuous Therapies.pdf
	Chapter 166 - Continuous Renal Replacement Therapy_ Modalities and Their Selection.pdf
	Chapter 167 - Vascular Access for Acute Renal Replacement Therapy.pdf
	Chapter 168 - Anticoagulation Strategies for Continuous Renal Replacement Therapy.pdf
	Chapter 169 - Nursing Strategies to Prevent Coagulation of the Extracorporeal Circuit.pdf
	Chapter 170 - Adequacy of Continuous Renal Replacement Therapy_ Prescription and Delivery.pdf
	Chapter 171 - High-Volume Hemofiltration in the Intensive Care Unit.pdf
	Chapter 172 - Pulse High-Volume Hemofiltration in Management of Critically Ill Patients With Severe Sepsis or Septic Shock.pdf
	Chapter 173 - High Cutoff Membranes for Mediators Removal.pdf
	Chapter 174 - Clinical Effects of Continuous Renal Replacement Therapies.pdf
	Chapter 175 - Antibiotic Adjustment in Continuous Renal Replacement Therapy.pdf
	Chapter 176 - Nomenclature_ Basic Principles.pdf
	Chapter 177 - Nomenclature_ Techniques.pdf
	Chapter 178 - Peritoneal Dialysis System.pdf
	Chapter 179 - Indications, Contraindications, and Complications of Peritoneal Dialysis in Acute Renal Failure.pdf
	Chapter 180 - Solute and Water Transport Across the Peritoneal Barrier.pdf
	Chapter 181 - Choice of Peritoneal Dialysis Technique_ Intermittent or Continuous.pdf
	Chapter 182 - Correction of Fluid, Electrolyte, and Acid-Base Derangements by Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 183 - Feasibility, Efficiency, and Adequacy of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 184 - Clinical Results and Complications of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 185 - Treatment of Peritonitis and Other Clinical Complications of Peritoneal Dialysis in the Critically Ill Patient.pdf
	Chapter 186 - Comparison of Peritoneal Dialysis With Other Treatments for Acute Kidney Injury.pdf
	Chapter 187 - Continuous-Flow Peritoneal Dialysis as Acute Therapy.pdf
	Chapter 188 - Nursing and Procedure Issues in Peritoneal Dialysis.pdf
	Chapter 189 - Sorbents_ From Basic Structure to Clinical Application.pdf
	Chapter 190 - Therapeutic Apheresis in Critically Ill Patients_ Indications, Modalities and Techniques, Clinical Results.pdf
	Chapter 191 - Extracorporeal Blood Purification Techniques Beyond Dialysis_ Coupled Plasmafiltration-Adsorption.pdf
	Chapter 192 - Prometheus System.pdf
	Chapter 193 - Toraymyxin and Other Endotoxin Adsorption Systems.pdf
	Chapter 194 - Plasmafiltration-Adsorption-Dialysis System.pdf
	Chapter 195 - Extracorporeal Membrane Oxygenation for Cardiac Support.pdf
	Chapter 196 - Extracorporeal Membrane Oxygenation for Pulmonary Support.pdf
	Chapter 197 - Cell-Based Therapies.pdf
	Chapter 198 - Cellular and Molecular Mechanisms of Acute Kidney Injury.pdf
	Chapter 199 - Epidemiology of Pediatric Acute Kidney Injury.pdf
	Chapter 200 - Treatment of Acute Kidney Injury in Children_ Conservative Management to Renal Replacement Therapy.pdf
	Chapter 201 - Technical Aspects of Pediatric Continuous Renal Replacement Therapy.pdf
	Chapter 202 - Multiple Organ Dysfunction in the Pediatric Intensive Care Unit.pdf
	Chapter 203 - Drug Dosing in Pediatric Acute Kidney Insufficiency and Renal Replacement Therapy.pdf
	Chapter 204 - Nutrition of Critically Ill Children With Acute Renal Failure.pdf
	Chapter 205 - Outcome of Pediatric Acute Kidney Injury.pdf
	Chapter 206 - Renal Replacement Therapy for the Critically Ill Infant.pdf
	Chapter 207 - Neonatal Hyperammonemia and Continuous Renal Replacement Therapy.pdf
	Chapter 208 - Modified Ultrafiltration in Pediatric Heart Surgery.pdf
	Chapter 209 - Techniques and Machines for Pediatric Renal Replacement Therapy.pdf
	Chapter 210 - Antibiotics in Critically Ill Newborns and Children_ Nephrotoxicity and Management During Renal Replacement Therapy.pdf
	Chapter 211 - Patient Selection and Pretransplantation Care for Kidney Transplant Recipients.pdf
	Chapter 212 - Kidney Support and Perioperative Care in Kidney Transplantation.pdf
	Chapter 213 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 214 - Management of Chronic Kidney Disease and End-Stage Kidney Disease Patients in the Intensive Care Unit.pdf
	Chapter 215 - Management of Patients with Diabetes in the Intensive Care Unit.pdf
	Chapter 216 - Diagnosis and Management of Acute Kidney Injury in the Emergency Department.pdf
	Chapter 217 - Anticancer Drugs and the Kidney.pdf
	Chapter 218 - Antiinflammatory Drugs and the Kidney.pdf
	Chapter 219 - Calcineurin Inhibitors and Other Immunosuppressive Drugs and the Kidney.pdf
	Chapter 220 - Alternative Medicine and Chinese Herbs and the Kidney.pdf
	Chapter 221 - Environment, Smoking, Obesity, and the Kidney.pdf
	Chapter 222 - Lead and Heavy Metals and the Kidney.pdf
	Chapter 223 - Statins and the Kidney.pdf
	Chapter 224 - Erythropoietin Therapy in Critically Ill and Acute Kidney Injury Patients.pdf
	Chapter 225 - Vasoactive Drugs, Renal Function, and Acute Kidney Injury.pdf
	Chapter 226 - End Points for Clinical Trials in Acute Kidney Injury.pdf
	Chapter 227 - Hypothermia and the Kidney.pdf
	Chapter 228 - Renin-Angiotensin System Blockers and Acute Kidney Injury.pdf

