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The incidence of hyperglycemia is 40–60% in critically ill
atients and is up to 60–80% in those who have undergone car-
iac surgery. [1] The results of an epidemiological study in the
nited States showed that 28.6% of diabetic patients and 9.3%
f non-diabetic patients had elevated mean daily glucose on the
ay of ICU admission. [2] In critically ill patients, elevated blood
lucose is primarily the result of stress, and stress-induced hy-
erglycemia is an independent risk factor associated with prog-
osis, regardless of a previous diagnosis of diabetes. Nutritional
herapy has become an integral treatment option for patients
n the ICU, [3,4] though nearly 30% of patients with enteral nu-
rition and 44–50% with parenteral nutrition (PN) experience
levated glucose. [5,6] Intensive insulin therapy (IIT) is an impor-
ant treatment for controlling hyperglycemia in critically ill pa-
ients, but it also carries a corresponding risk of hypoglycemia,
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ith the incidence of relative hypoglycemia (a decrease in glu-
ose ≥ 30% below prehospital admission levels) and mild hypo-
lycemia ( < 3.9 mmol/L) reaching 34–45% . [7,8] 

Hyperglycemia and relative hyperglycemia are independent
isk factors for increased mortality among critically ill pa-
ients [9,10] and an important predictor of poor short- and long-
erm outcomes among hospitalized patients, including increased
ortality, length of hospital stay, and need for care after dis-

harge. [11–13] Hypoglycemia also increases the risk of death
mong critically ill patients. [7,8,14–17] Glycemic variability is an
ndependent risk factor for the increased mortality of critically
ll patients and can be used to assess illness severity. [18,19] The
016 ASPEN guidelines indicate that the selection of appropri-
te nutrients and meticulous glycemic control contribute to im-
roved outcomes among critically ill patients. [4] Thus, it is im-
ortant to strengthen the glycemic management of critically ill
atients. 
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Table 1 

Recommendation levels according to the GRADE method. 

Levels Opinion and description of the recommendation Quality of evidence 

Grade 1 + Strong recommendation High-quality evidence 
Grade 2 + Weak recommendation Low-quality evidence 
Expert’s opinion Suggested in expert’s opinion Insufficient evidence 
Grade 2 − Weak recommendation Low-quality evidence 
Grade 1 − Strong recommendation High-quality evidence 

GRADE: Grading of recommendations assessment, development, and evaluation. 
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There is controversy about how best to manage glycemia
mong critically ill patients in China, and suboptimal man-
gement remains an issue in clinical practice. To strengthen
nd standardize clinical practice, an expert working group on
lycemic management composed of Chinese experts in critical
edicine conducted five rounds of discussion to summarize 26

mportant statements about glycemic management in critically
ll patients. This was six parts and included research progress
orldwide while considering the current situation in China. A

onsensus was established to provide guidance and reference
pinions for the glycemic management of critically ill patients
o optimize clinical practice. Clinical issues were developed ac-
ording to the Patient, Intervention, Comparison, and Outcome
PICO) principles. The quality of evidence and strength of rec-
mmendations were evaluated using grading of recommenda-
ions assessment, development, and evaluation (GRADE). The
trength of each recommendation was collectively discussed and
oted on by all members of the working group, and only in-
luded if it sustained ≥ 80% of the vote. Strong evidence was de-
ned as including at least one multicenter, randomized, double-
lind controlled study with no apparent design issues and data
xcursions or considered strong evidence by systematic review
hile weak evidence was defined as randomized control trial,

ase-control, or observational cohort studies with significant
esign defects and data excursions, or considered weak evi-
ence by systematic review. If the evidence was insufficient,
xpert opinions were adopted. Recommendations were classi-
ed as “strong recommendations ” or “weak recommendations ”
 Table 1 ]. Strong recommendations were expressed as “Recom-
end…” while weak recommendations were expressed as “Sug-

est…. ”

verview of the Diagnosis and Pathophysiology of 

yperglycemia and Hypoglycemia in Critically Ill Patients 

hysiological functions of blood glucose 

Many biochemical reactions take place in human cells, trans-
orming the energy in food and activating various physiological
ystems, including muscle activity, glandular secretion, and the
aintenance of nerve membrane potential. Energy substrates,

uch as carbohydrates, fats, and proteins, are oxidized in cells
o release energy. Carbohydrates are absorbed by the digestive
ract, producing glucose, fructose, and galactose, and most fruc-
ose and almost all galactose are rapidly converted into glucose
y the liver. Blood glucose refers to glucose in the blood, which
s broken down by aerobic oxidation or glycolysis to produce
nergy. Human blood glucose levels are relatively constant and
re maintained at 3.89–6.11 mmol/L. 
132 
egulatory mechanisms of blood glucose 

In humans, plant starch, animal glycogen, and maltose con-
ained in food are digested into monosaccharides, which are
bsorbed by the small intestine and transported to the liver
hrough the portal vein to participate in glucose metabolism.
he absorption, decomposition, and metabolism of nutrients
nd gluconeogenesis are the basis for stabilizing blood glucose.
he metabolism of glucose, fat, and amino acids and the co-
rdinated metabolic function of various organs and tissues are
lso critical to the stabilization of blood glucose levels. The bal-
nce of blood glucose levels is regulated by hormones such as
nsulin, glucagon, epinephrine, and glucocorticoids. Congenital
nzymatic defects, imbalanced hormones, and functional organs
mpairment can destabilize blood glucose levels. 

iagnosis, pathophysiology, and the effects of hypoglycemia 

n critically ill patients 

Low blood glucose has various causes and is called as hypo-
lycemia when glucose levels in blood are < 2.8 mmol/L ( < 3.9
mol/L in diabetic patients) along with particular signs and

ymptoms. [20] The incidence of hypoglycemia is 18–65% in crit-
cally ill patients [14] and the mortality is approximately 35.4–
0.2% in patients with severe hypoglycemia. [7,21] Hypoglycemia
s independently associated with increased mortality in criti-
ally ill patients and the risk increases with time and number of
ypoglycemic episodes. [7] Hypoglycemia pathogenesis is com-
lex, and the high-risk factors include IIT, interruption of caloric
ntake without adjustment of insulin infusion, hepatic and re-
al failure, and continuous renal replacement therapy. Hypo-
lycemia is also related to blood glucose dysregulation, which
educes the blood glucose supply under stress conditions. 

The main reactions of the body to hypoglycemia include in-
reased endogenous glucose production through glycogenolysis,
luconeogenesis, and eating behavior. Endogenous insulin se-
retion decreases when human blood glucose levels fall < 4.6
mol/L. A blood glucose level < 3.8 mmol/L promotes pan-

reatic 𝛼 cells to secrete endogenous glucagon, which induces
lycogenolysis and gluconeogenesis. As blood glucose contin-
es to drop, adrenaline secreted from the adrenal medulla di-
ectly promotes glucose release from the liver, limits insulin se-
retion, reduces tissue sensitivity to insulin, and mobilizes the
se of glycogenic substrates, such as lactic acid, amino acids in
uscles, and glycerol in fat. [22] Severe hypoglycemia is uncom-
on during the early stages of the disease because of the defen-

ive physiological mechanisms described above. As the disease
ontinues, however, glucagon release becomes impaired, and
drenaline levels become insufficient as the sympathetic adrenal



Z. Wu, J. Liu, D. Zhang et al. Journal of Intensive Medicine 2 (2022) 131–145 

r  

p  

t  

t  

e  

s

H

E

 

s  

f  

n  

s  

t  

r  

t
 

h  

i  

b  

i  

≥  

(  

>  

g  

i  

t

M

 

c  

s  

i  

i

B

 

s  

v  

p  

m  

v  

r

 

b

 

r  

c  

r  

v  

t  

b  

c

 

f  

p  

a  

m  

c  

T  

a  

a  

r  

v  

b  

c  

v  

g  

c  

n  

a  

p  

m  

a  

i
 

f
I  

i  

a  

h  

d  

t  

r  

a  

l  

a  

c  

r

 

a

 

t  

(

 

a  

m  

T  

i  

i  

c  

t  

b  

(  

s  

a  

a  

t  

c  

t  

b  

c  

O  

i  

p  
eaction becomes activated. This increases the risk of severe hy-
oglycemia that can lead to coma, hemiplegia, and/or epilep-
ic seizures, and ultimately, permanent neurological dysfunc-
ion. Numerous studies have demonstrated that hypoglycemic
pisodes increase the risk of fatality and length of hospital
tay. [7] 

yperglycemia in critically ill patients 

tiology and diagnosis of hyperglycemia 

Hyperglycemia in critically ill patients is primarily the re-
ult of stress. Trauma, surgery, hypoxemia, infection, and other
actors put the body in a very stressful state, resulting in ab-
ormal stress-associated hormone secretion, insufficient insulin
ecretion, and the production of numerous inflammatory cy-
okines. [23,24] Fluid infusion and nutritional therapy can also di-
ectly affect blood glucose and aggravate the hyperglycemia sta-
us of patients. 

A consensus on the criteria for the diagnosis of stress-induced
yperglycemia has not yet been established. Currently, stress-
nduced hyperglycemia is diagnosed using two or more spot
lood sugar tests after admission and is defined as a fast-
ng blood glucose ≥ 126 mg/dL or a random blood glucose
 200 mg/dL. The determination of glycosylated hemoglobin

HbA1c) may help to identify patients with diabetes who have
 6.5% HbA1c, while most of those with stress-induced hyper-
lycemia have < 6.5% HbA1c. This method can identify approx-
mately two-thirds of patients compared with rapid glycemic
esting. [25,26] 

anagement of herglycemia 

Stress-induced hyperglycemia greatly affects the outcome of
ritically ill patients and should be considered an abnormal
tate of glycemic metabolism. Clinicians must monitor stress-
nduced hyperglycemia by eliminating stressors and individual-
zing glycemic control to avoid complications. 

lood Glucose Monitoring in Critically Ill Patients 

Pathologic stress often causes blood glucose abnormalities
uch as hyperglycemia, hypoglycemia, and increased glycemic
ariability in critically ill patients, leading to increased com-
lications and poor outcomes. Thus, it is necessary to monitor,
anage, and control blood glucose levels appropriately to pre-

ent hypoglycemia-related adverse events. The safety and accu-
acy of bedside glucose monitoring methods are critical. 

Question 1: Which method is recommended to monitor

lood glucose in critically ill patients? 

Statement 1: If an arterial catheter is available, arte-

ial blood is preferred to monitor blood glucose in criti-

ally ill patients. If no arterial catheter is available, it is

ecommended that blood samples should be taken from a

enous catheter (Grade 2 + , weak recommendation). Con-

inuous glucose monitoring (CGM) can be used to monitor

lood glucose in critically ill patients with large blood glu-

ose excursions (Grade 2 + , weak recommendation). 

Rationale : In critically ill patients, the sampling priority
or glucose monitoring is arterial > venous > capillary. [27] A
rospective observational study [28] found that the accuracy of
133 
rterial blood glucose values (69.9% and 76.5% with a glucose
eter and a blood gas analyzer, respectively) was higher than

apillary blood glucose values (56.8% and 56.8%, respectively).
he accuracy of capillary blood glucose values was only 26.3%,
nd the accuracy of arterial blood glucose values measured with
 glucose meter or a blood gas analyzer was 55.6% and 64.9%,
espectively. The World Health Organization (WHO) adopted
enous blood glucose values as the diagnostic criteria for dia-
etes. Frequent venous blood sampling is not acceptable among
ritically ill patients, but blood samples may be drawn from a
enous catheter, understanding that intravenous infusion of a
lucose-containing solution may result in inaccurate blood glu-
ose measurements. Capillary blood samples can lead to sig-
ificant errors in glucose measurement compared with venous
nd arterial blood samples. [29] Capillary blood samples (needle
rick) are indicated for critically ill patients with a relatively
ild condition, no edema of the extremities, and no invasive

rterial blood pressure monitoring, but are not indicated for crit-
cally ill patients. 

Real-time CGM provides continuous, complete, and reliable
ull-day glucose measurements to help characterize trends. [30] 

n recent years, the accuracy and reliability of CGM in critically
ll patients have also been assessed in several studies, [31–33] and
 systematic analysis [34] found that they had small sample sizes,
igh heterogeneity, and low evidence. [30] Compared with stan-
ard glycemic monitoring methods, the CGM system has the po-
ential to improve glycemic control in critically ill patients but
equires technical improvements or integration with appropri-
te sensors. One study [35] found that a fully automated closed-
oop glucose control system incorporating CGM and computer-
ssisted insulin infusion was safe and reliable, reducing the in-
idence of hypoglycemia and shortening the time required to
each the blood glucose target in critically ill patients. 

Question 2: What are the factors required to improve the

ccuracy of blood glucose monitoring? 

Statement 2: An arterial blood gas analyzer monitors ar-

erial blood glucose more accurately than a glucose meter

Grade 2 + , weak recommendation). 

Rationale : While quantifying venous blood glucose levels,
n automated biochemistry instrument is the gold standard for
easuring blood glucose, but this method is time-consuming.
hus, blood gas analyzers or glucose meters are commonly used

n the ICU. However, it is important to determine which method
s the most accurate to monitor the blood glucose for criti-
ally ill patients. A systematic analysis of 21 studies [36] found
hat a blood gas analyzer or glucose meter measures arterial
lood glucose more accurately than capillary blood glucose
odd ratios[ORs] = 0.04 and 0.36, respectively, P < 0.01). The
tudy also found that an arterial blood gas analyzer provides
 more accurate measurement of arterial blood glucose than
 glucose meter ( P = 0.02), and a glucose meter measures ar-
erial blood glucose more accurately than capillary blood glu-
ose ( P < 0.001). At low blood glucose levels ( < 4.5 mmol/L),
he rate of error for assessing arterial blood glucose using a
lood gas analyzer is low (OR = 1.86 for arterial blood glu-
ose, P = 0.15; OR = 1.84 for capillary blood glucose, P = 0.03;
R = 2.33 for arterial blood glucose, P = 0.02). Factors affect-

ng capillary glucose levels include the use of vasopressors,
eripheral edema, peripheral hypoperfusion, high partial oxy-
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en pressure, hematocrit (Hct) < 25% or > 60%, and severe
ehydration. [29,36,37] 

Question 3: How often is blood glucose monitored? 

Statement 3: We suggest that the interval between glu-

ose monitorings should not be longer than 1 h for newly

dmitted critically ill patients or those who are critically ill

nd on continuous insulin infusion until glucose levels and

he rate of insulin injection are stabilized (Grade 2 + , weak

ecommendation). 

Rationale : The frequency of glucose monitoring is closely re-
ated to hyperglycemia, hypoglycemia, and glycemic variability,
hich are the independent risk factors for fatality and length of
ospital stay; however, the optimal frequency of glucose moni-
oring remains unknown. According to published glycemic con-
rol protocols, [38,39] including the VISEP 

[40] and GLUCONTROL
tudies, [41] blood glucose is generally monitored hourly follow-
ng the initiation of insulin therapy and then once every 4 h
fter blood glucose levels are maintained within the set target
ange and the patient’s clinical condition is stabilized. In these
tudies [38–41] the measurement of blood glucose every 1–4 h re-
ulted in a > 10% incidence of hypoglycemia. When blood glu-
ose is unstable, prolonged measurement intervals increase the
isk of not detecting hypoglycemia. Thus, blood glucose should
e monitored at least once per hour in critically ill patients on
outine insulin therapy. 

A retrospective study of 4588 critically ill patients with 6069
nsulin infusions found a median delay between hourly glucose
easurements of 21.8 min (interquartile range [IQR]: 12.2–29
in) following hypoglycemia. [42] A Monte Carlo simulation of

lucose monitoring in 100 patients with a 200 h follow-up at
ntervals of 15 min, 1 h, and 2 h showed that glycemic control
n critically ill patients was ideal at glucose measurement in-
ervals of no longer than 1 h and optimal at an interval of 15
in. [43] However, frequent blood glucose monitoring is time and

taff intensive. Thus, we recommend intervals of ≤ 1 h for newly
dmitted critically ill patients and those who are critically ill
nd on continuous insulin infusion therapy and increasing the
ntervals to every 2–4 h when glucose levels and insulin injec-
ion rates are stabilized. If hypoglycemic episodes occur, blood
lucose should be monitored every 15 min until blood glucose
evels stabilize. 

Question 4: Are indicators such as glycosylated

emoglobin (HbA1c) useful for monitoring blood glu-

ose in critically ill patients? 

Statement 4: We suggest routinely measuring HbA1c

pon admission to the ICU (Grade 2 + , weak recommenda-

ion). 

Rationale : HbA1c levels are positively correlated with blood
lucose and represent the average amount of glucose in the
ody 4–12 weeks before disease onset. Increased HbA1c lev-
ls indicate the presence of elevated blood glucose levels.
ong-term hyperglycemia has a strong impact on the body,
nd the resulting metabolic and inflammatory imbalances af-
ect many systems, including immunity. [44] Elevated blood glu-
ose levels are an important measure of the development,
rogression, and outcomes of cerebrovascular disease in pa-
ients with diabetes. [45] Meanwhile, cardiovascular events and
ll-cause mortality increase by 20–30% for every 1% in-
rease in HbA1c, and these associations are not affected by
iabetes. [46] 
134 
In critically ill patients, HbA1c is used to identify stress-
nduced hyperglycemia and HbA1c levels reflect both the de-
ree of endothelial damage and patient outcomes. [47] In criti-
ally ill patients undergoing emergency surgery, HbA1c levels
n the day of surgery are highly consistent with preoperative
evels and may thus be used as a prognostic index. [48] Patients
ith sepsis and HbA1c > 6.5% develop severe hepatic and re-
al dysfunction and have a higher mortality rate within 72 h
f admission. [49] Thus, in addition to measuring blood glucose
evels, HbA1c levels should be quantitated in critically ill pa-
ients upon admission to the ICU to fully assess the premorbid
etabolic status of patients, which has important clinical signif-

cance for predicting patient outcomes. 

Question 5: Is the coefficient of variation for blood glu-

ose a useful measure in critically ill patients? 

Statement 5: We suggest monitoring the coefficient of

ariation for blood glucose (GLUcv) in critically ill patients

Grade 2 + , weak recommendation). 

Rationale: The coefficient of variation for blood glucose
efers to swings in blood glucose levels over a certain time
nd can reflect dynamic changes. The blood glucose difference
GLUdif), average blood glucose value (GLUave), and standard
eviation of blood glucose (GLUsd) are calculated using the ini-
ial glucose value and multiple glucose values at a given time
oint of treatment, and the coefficient of variation for blood
lucose is calculated as GLUcv = GLUsd ×100/GLUave. [50] 

Multiple studies indicate that the higher the coefficient of
ariation for blood glucose, the higher the mortality of critically
ll patients, independent of hypoglycemia, disease severity, and
omorbidities. [50–52] The coefficient of variation for blood glu-
ose is also closely associated with disease complications among
ritically ill patients, including shock and the use of renal re-
lacement therapy, possibly because hyperglycemia and hypo-
lycemia are the independent risk factors for mortality. [53] In
atients with stroke and brain injury, high variation in blood
lucose levels during long-term hypothermia therapy are pre-
ictors of poor nervous system outcomes and mortality. [54] Sep-
is patients with blood glucose differences > 65 mg/dL on the
ay of admission are at increased risk of 30-day mortality. This
as observed among non-diabetic but not diabetic patients. [18] 

atients with low variability or even slightly high blood glucose
ay have better outcomes than those under strict glycemic con-

rol but with high blood glucose variability. It is recommended
hat an insulin regimen be developed to manage hyperglycemia
mong critically ill patients to achieve appropriate glycemic
ontrol and minimize variability. [55] Attention should be paid to
hanges in absolute glucose levels and blood glucose variability
o minimize glycemic swings and reduce fatality. 

arget Blood Glucose Levels among Critically Ill Patients 

ith Various Diseases 

lycemic control among diabetic and non-diabetic critically 

ll patients 

Some diabetes patients have chronically high blood glu-
ose levels, and the mechanism by which they regulate glucose
etabolism differs from that of non-diabetic patients. [56] Espe-

ially among patients with severe diabetes, hyperglycemia may
ave different biological and clinical significance. [57] Thus, hy-
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erglycemia should be controlled differently among critically ill
atients with and without diabetes. 

Question 6: Within what range should blood glucose lev-

ls be controlled in non-diabetic critically ill patients? 

Statement 6: We suggest maintaining blood glucose lev-

ls at 6.1–7.8 mmol/L in non-diabetic critically ill patients

Grade 2 + , weak recommendation). 

Rationale : Among non-diabetic patients, ICU mortality in-
reases as average glucose levels rise. In 2005, a descriptive
ase-control study from the Mayo Medical Center confirmed
hat in non-diabetic critically ill patients, blood glucose levels
ere > 8.0 mmol/L for a longer period in non-survivors than

n survivors. [58] In 2013, Krinsley et al. [61] retrospectively ana-
yzed blood glucose levels and outcomes in nearly 45,000 crit-
cally ill patients with and without diabetes and showed that
n average glucose level of 4.4–7.8 mmol/L was independently
ssociated with lower mortality, while average glucose > 7.8
mol/L was associated with higher mortality. In 2015, a ret-

ospective study confirmed that the maintenance of blood glu-
ose levels at 3.9–7.8 mmol/L for > 80% of the time was as-
ociated with higher survival of critically ill patients without
iabetes. [59] However, excessively strict glycemic control does
ot benefit critically ill patients. In a prospective multicenter
CT study (NICE-SUGAR), patients in the intensive glycemic
ontrol group (4.5–6.0 mmol/L) had a 2.6% increased risk of
0-day mortality (OR = 1.14, 95% confidence interval[CI]: 1.02–
.28; P = 0.00) and a 6.3% higher incidence of severe hypo-
lycemia ( P < 0.001) than those in the regular glycemic con-
rol group ( ≤ 10.0 mmol/L), and there was no advantage to in-
ensive glycemic control in the diabetes and non-diabetes sub-
roups. [60] 

Question 7: How should blood glucose levels be con-

rolled in critically ill patients with diabetes? 

Statement 7: We suggest less strict glycemic control (6.1–

1.1 mmol/L) for critically ill patients with diabetes (Grade

 + , weak recommendation). 

Rationale : Critically ill patients with diabetes tolerate higher
lood glucose levels better than non-diabetic patients; however,
ost studies of specific blood glucose levels were retrospective.
 study conducted in 2008 found no apparent linear relation-
hip between time-weighted glucose levels and the mortality
f patients with diabetes, but the cut-off value associated with
ncreased mortality was 11.1 mmol/L. [57] In 2013, Krinsley et
l. [61] showed that diabetic patients with an average glucose
evel > 6.1 mmol/L had lower mortality than those with an av-
rage level of 4.4–6.1 mmol/L; however, when the average glu-
ose level exceeded 11.1 mmol/L, mortality increased. Notably,
ritically ill patients with diabetes are more likely to develop
ypoglycemia than non-diabetic patients and this can increase
he risk of mortality by nearly threefold. [61–63] Thus, close mon-
toring of glycemic control is particularly important. 

lycemic management among patients with severe brain 

njury (SBI) 

SBI primarily includes traumatic brain injury (TBI) and
troke (hemorrhagic and ischemic). Hyperglycemia is a common
omplication of SBI because many stroke patients have diabetes
r are in the prediabetic state, and those with SBI are more likely
o develop stress-related hyperglycemia. Numerous studies have
 6  

135 
emonstrated that hyperglycemia is an independent risk factor
or worsening brain injury, poor clinical outcomes, and high
ortality. [64–66] 

Question 8: Do SBI patients require glucose or glycosy-

ated hemoglobin screening? 

Statement 8: For SBI patients without a history of dia-

etes, we suggest measuring fasting glucose and glycosy-

ated hemoglobin levels as early as possible to screen for

iabetes or the pre-diabetic state (Grade 2 + , weak recom-

endation). 

Rationale : Epidemiological investigations indicate that
troke is closely related to abnormal glucose metabolism; 68.7–
7% of stroke patients have hyperglycemia, 14–35% have a
istory of diabetes, 16–24% are newly diagnosed with dia-
etes, and 21–24% have abnormal glucose tolerance. [67,68] For
troke patients with no history of abnormal glucose metabolism,
lood glucose monitoring, fasting blood glucose, and glycosy-
ated hemoglobin (HbA1c) measurements should be performed
s early as possible to ensure early detection of diabetes or
he prediabetic state. [69] A retrospective multicenter analysis of
133 patients found a higher risk of death in the high HbA1c
roup (HbA1c ≥ 6.5%) than the relative normal group of pa-
ients with recessive diabetes or pre-diabetes (HbA1c 5.02% to
.38%). [70] 

Question 9: What is the goal for glycemic control of SBI

atients? 

Statement 9: In SBI patients, an intensive insulin regi-

en aiming at reaching a blood glucose level of 4.4–6.0

mol/L is not recommended (Grade 1 − , strong recommen-

ation). Instead, the suggested blood glucose level is 6.1–

0.0 mmol/L (Grade 2 + , weak recommendation). 

Rationale : In several retrospective studies and randomized
ontrolled trials (RCTs), mortality increased as blood glucose
evels increased in SBI patients. [64–66] Compared to conventional
lycemic control, IIT does not improve long-term neurological
utcomes or reduce ICU or hospitalization-associated mortality
ut does increase the incidence of hypoglycemia and the use
f clinical resources. [71–75] In a subgroup analysis of 391 criti-
ally ill neurology patients enrolled in a multicenter, large RCT
tudy in 2015, [74] no differences were found in neurological out-
omes (59.0% vs. 53.0%, P = 0.28) or mortality (20.9% vs. 22.8%,
 = 0.7) between the IIT group (4.4–6.0 mmol/L) and the con-
entional therapy group ( < 10 mmol/L); however, a higher in-
idence of severe hypoglycemia was observed in the IIT group
4.9% vs. 0.0%, P < 0.0001) during the 2-year follow-up pe-
iod. Similarly, in another multicenter RCT study of 188 SBI pa-
ients, [75] no differences were found in 90-day neurologic out-
omes (26.6% vs. 31.6%, P = 0.4) and 28-day mortality (28.6%
s. 28.9%, P = 0.9) between the IIT group (4.4–6.0 mmol/L)
nd the conventional therapy group (5.5–9 mmol/L); how-
ver, the incidence of hypoglycemia was significantly higher
n the IIT group (51.1% vs. 19.3%, P < 0.001). Thus, IIT that
s used to maintain blood glucose at 4.4–6.0 mmol/L is not
ecommended. 

The appropriate range of blood glucose in SBI patients re-
ains to be determined. A meta-analysis of SBI patients in
012 

[76] included 16 RCTs involving 1248 patients and a sub-
roup analysis of glycemic control goals was performed. Mor-
ality was lower among patients with blood glucose levels of
.1–10 mmol/L than those receiving ITT, and the neurological
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utcomes were better than those receiving less strict glycemic
ontrol ( < 11.1 mmol/L). 

lycemic management of sepsis patients 

Question 10: What is the target upper limit for blood glu-

ose among sepsis patients? 

Statement 10: The target upper limit for blood glucose

mong sepsis patients is 10.0–11.1 mmol/L (Grade 2 + ,

eak recommendation). 

Rationale : In a sub-study of a prospective observational
tudy, 1045 sepsis patients had at least one blood glucose
easurement between 4 h before and > 4 h after ICU admis-

ion. The first blood glucose measurement in this time win-
ow was defined as the glucose level at ICU admission. These
evels were ≤ 3.9 mmol/L in 60 patients (5.7%), normal (3.9–
.8 mmol/L) in 519 patients (49.7%), slightly elevated (7.8–
1.0 mmol/L) in 267 patients (25.6%), and significantly ele-
ated ( ≥ 11.1 mmol/L) in 199 patients (19.0%). The percentages
f diabetic patients with normal, slightly elevated, and signifi-
antly elevated glucose upon ICU admission were 10.8%, 21.0%,
nd 53.3%, respectively. Diabetic or non-diabetic patients with
ignificantly elevated blood glucose ( ≥ 11.1 mmol/L) had sig-
ificantly increased 30-day mortality rates (aHR = 1.66, 95%
I: 1.24–2.2). [77] A retrospective study of 1527 patients with
ommunity-acquired sepsis showed that increased blood glu-
ose ( ≥ 11.1 mmol/L) was associated with increased in-hospital,
0-day, and 90-day mortality, and this association was more
table in diabetic than non-diabetic patients. [78] A prospective,
andomized controlled multicenter study assessing the relation-
hip between intensive glucose control and mortality among
epsis patients was prematurely terminated because the hypo-
lycemia was significantly more prevalent in the intensive treat-
ent group than in the control group. [40] The blood glucose

arget for the intensive glycemic control group was 5.0–6.1
mol/L. In the conventional treatment group, insulin pumping
as initiated if blood glucose was > 11.1 mmol/L and the blood
lucose target was 10.0–11.1 mmol/L. Hypoglycemia occurred
n 30/247 (12.1%) and 5/241 (2.1%) patients in the treatment
nd control groups, respectively. There were no significant dif-
erences in 28-day fatality, the incidence of acute renal failure,
he number of patients requiring renal replacement or vasocon-
trictor drugs, or the number of days without a ventilator be-
ween the two groups. 

NICE-SUGAR is the largest study to date that has assessed the
lycemic management of critically ill patients, and 21% of the
nrolled subjects had sepsis at the time of randomization. Pa-
ients receiving intensive glucose therapy had a similar 90-day
atality rate as those receiving conventional glucose-lowering
herapy. In the conventional group, insulin therapy was initi-
ted at blood glucose levels > 10.0 mmol/L. [60] 

Question 11: What is the target lower limit of blood glu-

ose in sepsis patients? 

Statement 11: The target lower limit of blood glucose is

.9–4.4 mmol/L in sepsis patients (Grade 2 + , weak recom-

endation). 

Rationale : A prospective study of 418 sepsis patients from
hree hospitals in Uganda found that hypoglycemia ( < 4.4
mol/L) was an independent risk factor for in-hospital fa-

ality (adjusted hazard ratio[aHR] = 1.9, 95% CI: 1.1–3.3)
136 
ompared with normoglycemia (4.4–6.1 mmol/L), while hy-
erglycemia had no impact on mortality risk. [79] A re-
nalysis of data from a large, multicenter, prospective co-
ort study found that the 28-day fatality rate in sepsis pa-
ients with hypoglycemia ( < 3.9 mmol/L) upon ICU admis-
ion was 35.3% (24/68). This was significantly higher than
hat found in patients with blood glucose levels of 3.9–7.2
18.7%, 99/529), 7.2–10.0 (16.5%, 36/218), and ≥ 10.0 mmol/L
24.6%, 54/301). [80] Thus, it is recommended that the lower
imit of blood glucose should be set at 3.9–4.4 mmol/L for sepsis
atients. 

lycemic management during severe acute pancreatitis (SAP) 

In patients with SAP, extensive necrosis and inflammatory
dema occur in the pancreas, and pancreatic endocrine and ex-
crine cells experience varying degrees of damage which may
educe the absolute number of islet 𝛽-cells or the number of
unctioning islet 𝛽-cells, thus aggravating islet 𝛽-cell injury and
ffecting the regulation of glucose homeostasis. SAP is an in-
ependent risk factor for hyperglycemia. [81] As the disease pro-
resses, hyperglycemic levels correlate closely with the degree
nd severity of inflammation, [82,83] and in turn, affect SAP out-
omes. [84,85] Therefore, appropriate control of blood glucose lev-
ls is essential for the appropriate management of SAP. 

Question 12: What are the goals for glycemic manage-

ent of SAP patients? 

Statement 12: The target blood glucose level for SAP pa-

ients is 7.8–10.0 mmol/L and insulin therapy is suggested

o start from a threshold of ≥ 10.0 mmol/L (Expert opinion).

Rationale : In recent years, many large-scale multicenter
andomized controlled trials have shown that good control of
lood glucose can improve the outcomes of critically ill pa-
ients. [38,86,87] However, there is still a lack of in-depth research
n the glycemic management of SAP patients worldwide. As
 result, many researchers have developed a glycemic control
rotocol for SAP patients that is based on strategies used for
ther critically ill patients. [88,89] Wu et al. [89] showed that inten-
ive glycemic control (a blood glucose level of 6.1–8.3 mmol/L)
educes blood glucose variability, lowers the risk of infection,
nd promotes patient recovery. Meanwhile, the glucose labil-
ty index (GLI) is positively associated with ICU mortality in
AP patients and has a good predictive value. However, a large,
ulticenter, randomized study found that in SAP patients, there
as no treatment-derived benefit to maintaining a stricter blood
lucose level of 4.5–6.1 mmol/L than the target of 7.8–10.0
mol/L. At the same time, patients with strict glycemic con-

rol had higher mortality and a 10–15 fold higher incidence of
ypoglycemia. [60] While severe hypoglycemia is not a common
oncern among pancreatic diabetes patients on insulin treat-
ent, [90] lower target blood glucose levels increase the risk of
ypoglycemia. [91] Several RCTs have shown that IIT (3.9–6.1
mol/L) significantly increases the risk of severe hypoglycemia

n critically ill patients. [40,60,73,92–94] Thus, the recommended tar-
et blood glucose range for SAP patients is 7.8–10.0 mmol/L,
hich is highly safe and reduces the risk of hypoglycemia asso-

iated with IIT. Since islet 𝛽-cell damage affects glycemic reg-
lation and increases the risk of hyperglycemia, glycemic con-
rol should be managed similarly in SAP patients as diabetic pa-
ients. 
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lycemic management in the ICU following major surgery 

High blood glucose levels are often present in critically ill pa-
ients following major surgery, which is associated with trauma,
peration-related outcomes, and stress. Abnormal postoperative
lood glucose levels in the ICU increase the incidence of compli-
ations and fatality. Thus, strict control of blood glucose levels
s required for critically ill patients following major surgery. 

Question 13: What is the impact of dysglycemia on post-

perative outcomes in non-diabetic critically ill patients

ollowing major surgery? 

Statement 13: We suggest controlling hyperglycemia

hile avoiding hypoglycemia and reducing blood glucose

ariability in non-diabetic critically ill patients following

ajor surgery (Grade 2 + , weak recommendation). 

Rationale : Hyperglycemia is a common concern after major
urgery, especially surgery on the chest and abdomen. [95] Clin-
cal studies [96,97] have shown that postoperative hyperglycemia
ncreases incision infections, retards wound healing, and ele-
ates the incidence of acute kidney injury and cardiovascu-
ar and cerebrovascular accidents. Hyperglycemia also corre-
ates closely with mortality, disability, and length of hospital
tay. An observational study of critically ill patients undergo-
ng surgery showed significantly higher fatality (OR = 4.8, 95%
I: 1.4–20; P = 0.02) among those with a blood glucose level
 7.8 mmol/L than those with a blood glucose level of 4.4–
.8 mmol/L. [98] Another observational study found that patients
ith postoperative glucose > 10.0 mmol/L had a higher inci-
ence of postoperative complications, including acute kidney in-
ury (OR = 2.58), arrhythmias (OR = 2.40), and sepsis (OR = 3.86)
han those with glucose < 10.0 mmol/L. [99] However, postoper-
tive hypoglycemia is also strongly associated with increased
ostoperative infection rates, poor wound healing, and fatal-
ty. [97,100] An observational study of patients undergoing car-
iac surgery found that postoperative hypoglycemia (blood glu-
ose < 3.9 mmol/L) significantly increased postoperative fatal-
ty (OR = 5.47, 95% CI: 3.14–9.5%) and disability (OR = 4.66,
5% CI: 3.55–6.1%) rates. [101] Patients with even one episode
f hypoglycemia during the perioperative period had a higher
isk of death. [102] Of note, large variability in blood glucose is
ven more harmful than small increases. Blood glucose vari-
tions increase postoperative infections, cardiovascular com-
lications, and length of ICU stay. [97,103,104] An observational
tudy [105] suggests that blood glucose variation > 6 mmol/L sig-
ificantly increases the incidence of postoperative atrial fib-
illation (16.4% vs. 11.6%), and length of ICU stay (63.1 vs.

2.7 h) than a glucose variation of 0–2.0 mmol/L, and that
igh glycemic variability is independently associated with poor
ostoperative outcomes. Meanwhile, there is a dose-effect rela-
ionship between postoperative hyperglycemia, hypoglycemia,
igh glycemic variability, and poor outcomes after major surg-
ries. [96 , 102] While controlling postoperative hyperglycemia is
mportant, therefore, attention should focus on avoiding hypo-
lycemia and reducing blood glucose variability. 

Question 14: How do different levels of glycemic control

ffect postoperative outcomes after major surgery in non-

iabetic patients? 

Statement 14: We recommend that blood glucose is

aintained at 7.8–10.0 mmol/L in non-diabetic critically ill
 s  

137 
atients after major surgery (Grade 1 + , strong recommen-

ation). 

Rationale: In patients undergoing cardiac, major thoracic,
nd abdominal surgeries, lowering postoperative hyperglycemia
ith insulin reduces complications and mortality risk. [106,107] 

owever, there is still debate about the optimal range of blood
lucose. A RCT study of postoperative patients in the surgical
CU showed that intensive glycemic control (4.4–6.1 mmol/L)
esulted in lower short-term postoperative fatality and dis-
bility rates than glucose controlled at 10.0–11.1 mmol/L. [38] 

owever, intensive glycemic control significantly increased the
isk of hypoglycemia and failed to improve final clinical out-
omes. [108,109] According to a systematic review of 27 RCTs, [110] 

hile strict control of blood glucose (4.4–6.1 mmol/L) in post-
perative critically ill patients had a similar short-term postop-
rative fatality rate (risk ratio[RR] = 0.99, 95% CI: 0.92–1.0%),
–6-month fatality rate (RR = 1.02, 95% CI: 0.97–1.0%), inci-
ence of sepsis (RR = 1.00, 95% CI: 0.89–1.1%), and dialysis rate
RR = 0.97, 95% CI: 0.84–1.1%) than less strict glycemic con-
rol (7.8–10.0 mmol/L), the incidence of hypoglycemia was ap-
roximately fourfold higher after strict control of blood glucose
RR = 4.86, 95% CI: 3.16–7.4%). In another systematic review
f 15 RCTs, strict glycemic control (4.4–8.3 mmol/L) reduced
he overall postoperative infection rate (RR = 0.586, 95% CI:
.504–0.68%), wound infection rate (RR = 0.620, 95% CI: 0.422–
.91%), and the length of ICU stay ( − 0.428 day, 95% CI: − 0.833
− 0.022 day), but significantly increased the incidence of post-
perative hypoglycemia (RR = 3.145, 95% CI: 1.928–5.131) and
evere hypoglycemia (RR = 3.821, 95% CI: 1.796–8.127). There-
ore, relatively strict blood glucose levels of 7.8–10.0 mmol/L
alance the efficacy and safety of glycemic management follow-
ng major surgery. 

lycemic management of severely burned patients 

Severe stress is present in burn patients, especially those who
re severely burned, which frequently results in stress-induced
yperglycemia. This, in turn, increases the risk of complica-
ions and death, indicating that blood glucose should be man-
ged cautiously in severe burn patients. This section describes
vailable data from evidence-based medical studies and expert
dvice to provide recommendations for the glycemic manage-
ent of severe burn patients, including target blood glucose,

are management, and precautions. 

Question 15: How does stress-induced hyperglycemia

iffer for severe burns patients? Is glycemic intervention

equired? 

Statement 15: We suggest that severe burn patients re-

eive timely blood glucose intervention and that effective

easures be taken to control hyperglycemia (Grade 2 + ,

eak recommendation). Severe burn patients should avoid

xcessive glycemic variability (Grade 1 + , strong recom-

endation). 

Rationale: Severe stress reactions usually occur after se-
ere burns, followed by insulin resistance and hyperme-
abolism, as well as significant and sustained increases in cate-
holamines, glucocorticoids, and glucagon, that increase blood
lucose. [24,111] Jeschke et al. [112] investigated 977 children with
evere burns and showed that resting energy expenditure was
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ignificantly higher 6 months, 1 year, and 2 years after burns
han over the same time period in control patients ( P < 0.05).
rine norepinephrine and epinephrine also increased signifi-
antly 2 months and 18 months after burns ( P < 0.05). Wade
t al. [113] described metabolic disorders characterized by hyper-
etabolism, hypercortisolemia, and insulin resistance 6 months

nd 9 months after burns. 
Hyperglycemia after burns is associated with an increased

isk of complications such as sepsis, and stress-induced hyper-
lycemia can increase the risk of mortality in critically ill pa-
ients. [26] Ray et al. [114] found that a postburn glucose level > 8.3
mol/L on admission was the only independent predictor of

epsis (area under the curve[AUC] = 0.736) and that postburn
yperglycemia was also a predictor of secondary pneumonia and
rinary tract infection (AUC = 0.766 and 0.802, respectively).
ahagam et al. [115] conducted a retrospective analysis of 462
ritically ill patients admitted into burn ICUs over four consec-
tive years using multivariate regression analysis and showed a
ignificant negative correlation between admission glucose and
verage glucose with time not requiring mechanical ventilation
nd length of ICU and hospital stay. Thus, we recommend that
atients with severe burns receive timely blood glucose inter-
ention and management and that effective measures should be
aken to control hyperglycemia. 

Excessive blood glucose variability after burns is an indepen-
ent risk factor for poor outcomes in burn patients. Excessive
lood glucose variability increases the risk of hypoglycemia.
ill et al. [116] showed that 30% of hypoglycemic episodes were
aused by excessive blood glucose excursions (hourly excursion
 2.8 mmol/L) in burn patients. Pisarchik et al. [53] conducted a

etrospective study of 172 non-diabetic patients with secondary
nd tertiary burns and found that 100% of patients developed
epsis when blood glucose variability (difference between the
aximum and minimum daily blood glucose levels) > 6 mmol/L

nd the average glucose level > 8 mmol/L. Multivariate analy-
is showed that increased blood glucose variability was signifi-
antly associated with an increased incidence of sepsis and mor-
ality ( r = 0.61, r = 0.7, P < 0.01, respectively). 

A high frequency of blood glucose variability also affects the
utcomes of severe burn patients. Pidcoke et al. [117] found that
he incidence of septic shock (58% vs. 26%, P < 0.00 1) and mor-
ality (50% vs. 22%, P = 0.041) was higher in severe burn patients
ith high glycemic variability (frequency of blood glucose < 4.4
r > 6.1 mmol/L) than those with low glycemic variability (56%
 6% vs. 43% ± 5%). In another study, 192 critically ill pa-

ients were divided into low risk, low to medium risk, medium
o high risk, and high-risk groups according to their average
aily risk range (ADRR) of blood glucose variability. The mor-
ality of patients gradually increased from 25% in the low-risk
roup to 60% in the high-risk group (26%, 36%, 44%, and 60%
n the four groups, respectively, P < 0.001). Post hoc analysis
fter matching the burn area and wound score indicated that
he ADRR was the only blood glucose index significantly as-
ociated with the mortality of patients < 43 years of age ( P <

.01). [118] Dahagam et al. [115] also confirmed that in critically
ll patients with severe burns, glycemic variability was higher
mong those who died than those who survived (26% 

[23–32] vs.

1%, [14–27] , P < 0.05), and multiple regression analysis showed
hat high glycemic variability was associated with prolonged
ospital stay ( P < 0.05). Thus, excessive blood glucose variabil-
138 
ty and frequency of blood glucose falling outside the normal
ange should be avoided. 

Question 16: How should target glucose, care guidelines,

nd precautions be managed in severe burn patients? 

Statement 16: We suggest maintaining random blood

lucose levels at 6.1–7.8 mmol/L in severe burn patients

Grade 2 + , weak recommendation). 

Rationale : Considering the intense stress that occurs follow-
ng severe burns and the increased risk of infection and death re-
ulting from hyperglycemia, glycemic control in severe burn pa-
ients should be the same or lower than the target levels of other
ritically ill patients. Jeschke et al. [119] defined good glycemic
ontrol as an average daily blood glucose of 7.8 mmol/L and
uggested maintaining blood glucose < 7.8 mmol/L during 70%
f the hospital stay, a 6 am target glucose of 7.2 mmol/L, and
5% of the blood glucose levels < 7.2 mmol/L. In a study of 208
evere burn patients, there was a significant reduction in rest-
ng energy expenditure ( P < 0.05) and inflammatory biomark-
rs such as IFN- 𝛾, IL-10, IL-7, IL-8, IL-5, IL-6, and monocyte
hemotactic protein-1 (MCP-1) ( P < 0.05) in the group with
ell-controlled glucose. In addition, blood glucose levels of 7.2
mol/L at the 6 am measurement and daily average blood glu-

ose levels of 7.8 mmol/L were associated with a lower post-
urn sepsis incidence and mortality ( P < 0.05). 

Stoecklin et al. [120] assessed whether intensive glycemic con-
rol is required for severe burn patients. A retrospective analy-
is of adult burn patients > 15 consecutive years showed signif-
cantly more hypoglycemic episodes (2.4–4.0 mmol/L) in those
nder strict glycemic control (4.0–6.0 mmol/L) than those un-
er moderate glycemic control (6.0–8.0 mmol/L) (76/9964 vs.

6/9619, P < 0.00 1). This was especially true for severe hypo-
lycemic episodes (10/9964 vs. 0/9619, P = 0.002), suggesting
hat there is a high risk of hypoglycemia associated with in-
ensive glycemic control in burn patients. Thus, blood glucose
hould be managed more rigorously in burn patients than in
ther critically ill patients, and it is recommended that the ran-
om blood glucose target is 6.1–7.8 mmol/L. 

lycemic management of drug-induced hyperglycemia 

Rational glycemic control requires an assessment of more
omplex goals and individual patient characteristics such as
aseline circumstances and medication use, which can compli-
ate glycemic management. [59,121,122] Since glycemic control of
ome other medical conditions has been discussed in previous
ections, this section only addresses management strategies for
rug-induced hyperglycemia, such as that resulting from gluco-
orticoid use, among critically ill patients. 

Question 17: How is blood glucose controlled in patients

eceiving glucocorticoid treatment? 

Statement 17: For inpatients receiving glucocorticoids,

ess strict blood glucose goals are suggested (Expert opin-

on). 

Rationale : In critical care medicine, glucocorticoids are com-
only used for the treatment of conditions such as ARDS and

eptic shock. They may cause hyperglycemia in both diabetic
nd non-diabetic patients. [123,124] A meta-analysis of 21 random-
zed controlled trials of glucocorticoid therapy for adult pa-
ients with septic shock showed that the risk of hyperglycemia
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as higher in patients receiving glucocorticoids than in controls
RR = 1.11, 95% CI: 1.0–1.16). [124] Glucocorticoid-related hyper-
lycemia treatment must also consider the expected time of on-
et and duration of hyperglycemia when determining the glu-
ocorticoid regimen. Patients on glucocorticoid therapy should
e monitored for blood glucose, and medications such as in-
ulin should be administered to control blood glucose if needed.
lucose-lowering therapy should be adjusted as the glucocorti-
oid dosage changes. Under glucocorticoid therapy, a less strict
arget of blood glucose control is recommended. [125] 

ow can Blood Glucose be Safely Controlled? 

nsulin use for the glycemic management of critically ill 

atients 

reparation of insulin solutions for infusion 

Question 18: How should insulin solutions be prepared

or infusion? 

Statement 18: We suggest preparing insulin solutions for

nfusion at an insulin concentration of 1 U/mL. The effect of

nsulin adsorption on treatment can be reduced by priming

he tubing with 20 mL insulin solution (Expert opinion). 

Rationale : Insulin solutions for infusion should be prepared
t standard concentrations, and a synthetic human insulin solu-
ion of 1 U/mL is recommended in most protocols. Insulin may
e added to 0.9% sodium chloride solution, Ringer lactate solu-
ion for injection, Ringer solution for injection, or a 5% glucose
olution. Glass or plastic containers (polyvinyl chloride [PVC],
thylene-vinyl acetate, polyethylene, or other polyolefin plas-
ics) may be used to prepare insulin solutions for infusion. In-
ulin dissolved in 0.9% sodium chloride solution in a PVC con-
ainer keeps stable for 168 h at 2–8°C. [126] Insulin can be ad-
orbed onto the tubing used for intravenous infusion, and the
egree of adsorption is influenced by temperature, insulin con-
entration, and the injection rate. The use of a 20 mL insulin
olution to prime the tubing reduces the loss of insulin result-
ng from adsorption. [127] A randomized controlled study found
hat even experienced critical care nurses delay treatments and
ake mistakes in preparing medications. [128] While some coun-

ries have commercially available insulin solutions for infusion,
uch as Myxredlin, no products are currently available in China.
ince the insulin solution for injection is a high-risk drug, we rec-
mmend that insulin solutions for infusion should be prepared at
he preparation center of hospitals to prevent adverse events re-
ulting from incorrect insulin concentrations or contamination. 

ransitional regimens for insulin use 

Question 19: What are the best transitional regimens for

nsulin use? 

Recommendation 19: We suggest that critically ill pa-

ients transition to subcutaneous administration of insulin

fter stopping intravenous infusion of insulin to maintain

lycemic stability (Expert opinion). 

Rationale : Transitioning to a subcutaneous injection regi-
en can reduce rebound hyperglycemia after continuous in-

ulin infusion has concluded. [129] There are several regimens
or transitioning from an intravenous insulin infusion to sub-
utaneous insulin therapy, including long-acting insulin (e.g.,
139 
nsulin glargine) injected every 24 h or intermediate-acting in-
ulin (e.g., neutral protamine zinc insulin) injected every 6–12
. It is recommended that the initial dosage of subcutaneous
nsulin should be administered at least 2–4 h before stopping
nsulin infusion to prevent hyperglycemia. The total daily in-
ulin (TDI) dosage infused intravenously can be used as a ref-
rence for determining the subcutaneous insulin dosage in crit-
cally ill patients. As a result of insulin loss resulting from ad-
orption onto the container and tubing, the initial subcutaneous
nsulin dosage can be reduced to 60–80% of the TDI, which has
een validated in clinical studies of cardiac surgery and crit-
cally ill patients. [129,130] Concurrent changes to other medical
r nutritional regimens must be considered when implement-
ng the transitional regimen of insulin use. A real-world study
ound a reduction in hypoglycemia and an increase in hyper-
lycemia following the transition to subcutaneous administra-
ion of insulin. [131] Transitional regimens of insulin use should
e individualized and refined to avoid large variations in blood
lucose among critically ill patients. 

verview and prevention of insulin-related adverse events 

Insulin therapy is an important way to control hyper-
lycemia. When the disease is chronic, insulin therapy may be
he most important glycemic control measure. [132] Insulin has
een used for nearly 100 years in clinical practice, and insulin-
elated adverse events are very rare. [133] The major concern with
nsulin use is hypoglycemia and other adverse events such as al-
ergy and local skin reactions are infrequent with the wide use
f highly purified animal and human insulin. Common adverse
eactions are described in Table 2 . 

se of hypoglycemic drugs for the glycemic management of 

ritically ill patients 

Hyperglycemia and insulin resistance are common among
ritically ill patients. [137] Insulin resistance refers to a decrease
n the efficiency of glucose uptake and utilization of insulin
or various causes, which leads to the excessive secretion of in-
ulin required to maintain blood glucose stability. To overcome
nsulin resistance, clinicians often increase the insulin dosage
sed, which may result in hypoglycemia, hypokalemia, hypo-
agnesemia, and other complications. [138] 

Question 20: How should blood glucose be controlled in

he event of insulin resistance in critically ill patients? 

Statement 20: When critically ill patients develop insulin

esistance, metformin is suggested in combination with in-

ulin (Grade 2 + , weak recommendation). 

Rationale : Metformin is known as an “insulin sensitizer. ”
n a randomized, double-blind clinical trial conducted at the
azandaran Heart Center, 100 patients with type 2 diabetes

dmitted to the ICU after cardiac bypass surgery (CABG) were
andomized to a group receiving conventional insulin or insulin
lus metformin. Significantly lower average glucose levels were
ound among patients in the insulin plus metformin group than
hose in the conventional insulin group ( P < 0.05). [139] In a ran-
omized controlled study, patients with a systemic inflamma-
ory response (SIRS) were randomly assigned to a group receiv-
ng insulin therapy (IIT) or insulin plus metformin (IIT + MET).
IT + MET treatment reduced the need for insulin ( P < 0.05),



Z. Wu, J. Liu, D. Zhang et al. Journal of Intensive Medicine 2 (2022) 131–145 

Table 2 

Insulin-related adverse events. 

Common adverse events Clinical manifestations Prophylaxis 

Hypoglycemia See “Hypoglycemia ” section for details. 
Allergy Induration, erythema, nausea, diarrhea, urticaria, angioedema, rash, dyspnea, and even 

shock. 
Use of hypoimmunogenic insulin 

Lipoatrophy Lipoatrophy is characterized by depressed skin around the injection site [133] . Use of high-purity insulin 
Fat hypertrophy Soft subcutaneous nodules at frequently injected sites. Frequent change of injection sites 
Insulin resistance Decreased insulin sensitivity [134] . 
Refractive abnormality Blurred vision; a rapid drop in blood glucose influences the osmotic pressure of the lens 

and vitreous body and makes the water in the lens escape, leading to decreased 
refractive index and hyperopia. Refractive abnormality usually resolves in a few weeks. 

Insulin-induced edema Commonly seen in patients with rapid glycemic control following insulin use and is 
generally self-resolving [135] . 

Weight gain Associated with insulin-enhanced anabolism and increased appetite following a decrease 
in blood glucose. 

Others Other rare adverse events including nausea, vomiting, leukocytoclastic vasculitis, local 
amyloidosis, and even death have been reported [136] . 
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owered the insulin and C peptide levels ( P < 0.05), and de-
reased the levels of tumor necrosis factor- 𝛼 and IL-6 ( P < 0.05)
ithout causing hyperlactatemia or acidosis. [138] Thus, treat-
ent with metformin in combination with insulin is safe and

ffective in the event of insulin resistance. 
Glucagon-like peptide 1(GLP-1) is an endogenous incretin

hat enhances glucose-dependent insulin secretion, an effect that
isappears as glucose concentrations normalize. [140] GLP-1 is
hown to significantly reduce plasma glucose, hemoglobin A1c,
ructosamine, and free fatty acid concentrations and improves
nsulin sensitivity and 𝛽-cell function in patients with type 2 di-
betes. [141] 

rinciples of nutritional treatment of patients with severe 

yperglycemia 

Question 21: What are the nutritional therapeutic op-

ions for hyperglycemia in critically ill patients? 

Statement 21: Enteral nutrition is suggested for critically

ll patients with hyperglycemia, and diabetes-specific for-

ulas are preferred (Grade 2 + , weak recommendation). 

Rationale : Enteral nutrition influences glycemic control. A
eta-analysis of six RCTs involving 265 non-diabetic patients
ith acute pancreatitis showed that the incidence of hyper-
lycemia and the need for insulin were lower following enteral
han parenteral nutrition support. [142] Thus, enteral nutrition is
ecommended for critically ill patients with good intestinal tol-
rability. [3,4,143] 

Diabetes-specific formulas (DSFs) help to control blood glu-
ose by slowing down carbohydrate absorption and decreas-
ng the total amount absorbed, thus reducing peak blood glu-
ose levels after feeding. [143,144] In modified carbohydrate for-
ulas, sustained-release starch is used, and fructose and di-

tary fiber content are increased, [143] making it easier to control
yperglycemia and maintain glycemic stability. Multiple stud-
es indicate that DSFs using modified carbohydrates improve
lycemic control in patients. In a prospective RCT of 41 criti-
ally ill patients with hyperglycemia, low-carbohydrate formu-
as reduced blood glucose levels, insulin use, and glycemic vari-
bility among enterally fed, critically ill patients with hyper-
lycemia. [145] In a prospective multicenter RCT of 157 mechan-
cally ventilated, critically ill patients with hyperglycemia, in-
ulin use was significantly lower and glycemic control higher
mong patients treated with DSFs than those receiving the stan-
140 
ard formulas. [146] Another prospective RCT of 104 critically ill
atients with severe acute ischemic stroke showed that DSFs
mproved glycemic control and insulin sensitivity. [147] A meta-
nalysis of 23 studies with 784 patients concluded that the av-
rage postprandial glucose decreased by 1.03 mmol/L among
atients receiving DSFs than those receiving standard formu-
as. [148] A meta-analysis also suggested that higher levels of mo-
ounsaturated fatty acids may improve blood pressure and gly-
olipid metabolism in diabetes patients. [149] 

Question 22: What is the rate of glucose infusion among

ritically ill patients with hyperglycemia during nutritional

herapy? 

Statement 22: When using parenteral nutrition for criti-

ally ill patients with hyperglycemia, experts suggest that

he rate of glucose infusion should not exceed 5 mg/kg/min

Expert opinion). 

Rationale : When stress-induced hyperglycemia occurs dur-
ng a critical illness or following a major surgical procedure,
he glucose infusion rate has a great impact on blood glucose
evels during parenteral nutrition (PN) therapy. According to
he 2019 ESPEN guidelines for clinical nutrition in the ICU, it
s recommended that the total amount of carbohydrates should
ot exceed 5 mg/kg/min during PN treatment of critically ill pa-
ients. [3] This recommendation is largely based on a physiologi-
al understanding. A RCT in patients from surgical ICUs showed
hat an increased energy supply of intravenous glucose did not
nhibit endogenous glucose production and net protein loss but
as associated with hyperglycemia and a higher demand for in-

ulin. [150] The tolerance of critically ill patients for glucose infu-
ion was lower than it was for other patients. A study of critically
ll burn patients found that glucose oxidation reached a steady
tate when glucose was infused at 5 mg/kg/min. [151] In a retro-
pective study of 102 non-diabetic adult patients receiving par-
nteral nutrition, 49% of patients experienced hyperglycemia
hen the glucose infusion rate was > 5 mg/kg/min, 11% expe-

ienced hyperglycemia when the glucose infusion rate was 4.1–
.0 mg/kg/min, and no hyperglycemia was recorded when the
lucose infusion rate remained at ≤ 4 mg/kg/min. [152] 

arenteral nutrition (PN) 

Question 23: How should insulin be formulated in par-

nteral nutrition for critically ill patients? 
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Statement 23: Intravenous insulin alone is suggested for

ontrolling hyperglycemia during PN therapy of critically

ll patients (Expert opinion). 

Rationale : PN can cause hyperglycemia that requires insulin
herapy. Insulin administration modes include intravenous infu-
ion, subcutaneous injection, and direct addition to PN. 

A retrospective study of 122 patients observed the effect of
ntravenous insulin infusion and subcutaneous insulin injection
n blood glucose in critically ill patients. The incidence of PN-
ssociated hyperglycemia was also compared between the two
odes of insulin administration. The time to target blood glu-

ose was lower following intravenous infusion than subcuta-
eous injection (62% vs. 43%, P = 0.008), indicating that intra-
enous insulin infusion improves glycemic control among criti-
ally ill patients. [153] 

McCulloch et al. [154] proposed that rational glycemic control
an be achieved by adding insulin to PN in the short term; [155,156] 

owever, the subjects included in this study were not in serious
ondition and there is no evidence that insulin can be added
o PN in critically ill patients. Two small studies showed that
ipid emulsions, trace elements, and multivitamins contained in
N can affect insulin efficacy. [157–159] In clinical practice, opti-
al and safe insulin containing PN formulas cannot be provided

ecause of a lack of well-trained pharmacists. The addition of in-
ulin to PN formulas at the bedside may increase the incidence of
nfection because no rigid aseptic measures are taken. [158] There
s also an increased risk of pellet precipitation. Thus, this method
s not widely recommended for the treatment of critically ill pa-
ients. In summary, we recommend that the addition of insulin
o PN formulas should be avoided for use in critically ill patients,
nd in regions with fewer resources. In critically ill patients with
N, intravenous insulin alone is recommended to control blood
lucose. 

onitoring and Control of Hypoglycemia in Critically Ill 

atients 

arly identification of hypoglycemic episodes in critically ill 

atients 

Question 24: How should hypoglycemic episodes be

dentified early in critically ill patients? 

Statement 24: The possibility of hypoglycemia should

e considered when there are symptoms such as increased

eart rate, decreased blood pressure, widened pulse pres-

ure, and sweating that cannot be explained by other causes

n critically ill patients with impaired consciousness or

n mechanical ventilation under analgesia and sedation.

lood glucose testing should be performed immediately to

onfirm the diagnosis (Expert opinion). 

Rationale : Despite significant clinical signs of hypoglycemia,
ypoglycemic symptoms may be less specific in critically ill pa-
ients because of sympathetic activation resulting from severe
nderlying diseases, trauma, infection, stress, and potential cen-
ral nervous system damage. [160] Especially in patients with im-
aired consciousness (e.g., craniocerebral injury, delirium, and
lzheimer’s disease) or on mechanical ventilation under seda-

ion, the absence of patient complaints further obscures the
ymptoms of hypoglycemia. One study found that up to 59.18%
f critically ill patients with hypoglycemia were on mechanical
141 
entilation. [21] Even in the absence of specific clinical signs, the
ossibility of hypoglycemia should be considered as early as pos-
ible in the event of epinephrine-like reactions and/or symptoms
f central nervous system insufficiency in critically ill patients.
his is especially critical if the patient presents with symptoms
uch as increased heart rate, decreased blood pressure, widened
ulse pressure, sweating, or altered consciousness that cannot
e explained by other causes. An early and definitive diagnosis
hould be made immediately by measuring blood glucose levels.

ypoglycemia treatment strategies in critically ill patients 

Question 25: How should blood glucose levels be moni-

ored in critically ill patients who have experienced hypo-

lycemia? 

Statement 25: In critically ill patients at high risk for hy-

oglycemia, blood glucose levels should be monitored ev-

ry 1–2 h, while in critically ill patients with hypoglycemia,

lood glucose should be monitored within 15 min after glu-

ose therapy until blood glucose stabilizes within the target

ange (Grade 2 + , weak recommendation). 

Rationale : The most common cause of hypoglycemia, espe-
ially severe hypoglycemia, is a delay in measurement. [42] Given
hat many protocols require that blood glucose should be mon-
tored every 4 h, there is a > 10% incidence of hypoglycemia
mong critically ill patients. [40,41] Thus, monitoring critically
ll patients at high risk for hypoglycemia at this frequency is
ot recommended. High-risk patients who are receiving intra-
enous insulin infusion should be monitored every 1–2 h to
uickly identify blood glucose levels that are outside the target
ange. A retrospective analysis of 6069 insulin infusion related
vents in 4588 critically ill patients showed that hypoglycemia
an progress to severe hypoglycemia within 12 min after on-
et; [42] thus, more frequent blood glucose monitoring is war-
anted. We recommend re-checking blood glucose levels within
5 min after glucose infusion in hypoglycemia patients and re-
eating the testing until blood glucose levels stabilize within the
arget range. Importantly, the duration of hypoglycemia may
ary in critically ill patients receiving exogenous insulin ther-
py. For instance, renal failure prolongs the half-life of insulin,
eading to insulin accumulation and extending the duration of
ypoglycemia. 

Question 26: How should hypoglycemia be treated? 

Statement 26: In patients with hypoglycemia during in-

ulin use, insulin infusion should be stopped immediately

nd 15–20 g glucose administered intravenously to avoid

ervous system damage. Glucose should be further ad-

inistered until blood glucose levels are within the tar-

et range. Meanwhile, iatrogenic hyperglycemia should be

voided (Grade 2 + , weak recommendation). 

Rationale : For severe hypoglycemia, interruption of insulin
nfusion is the first step in treatment. However, interrupt-
ng the insulin infusion alone may not be sufficient, and ad-
itional treatment with intravenous glucose infusion is usu-
lly required. Meanwhile, iatrogenic hyperglycemia should be
voided. In some reports, a formula is used to calculate a pa-
ient’s glucose dosage: 50% glucose dosage (g) = [100 − glucose
alue (mg/dL)] ×0.2 g. It was found that 10–20 g glucose could
ncrease blood glucose to 4.4–6.1 mmol/L within 30 min in
7.5% of hypoglycemic patients receiving intravenous insulin
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nfusion. [42] We suggest that 15–20 g glucose be intravenously
nfused to reduce the incidence of blood glucose levels occurring
utside the target range. There are no clinical studies assessing
he effect of infusions of different glucose concentrations on the
ody. As a result of the high osmolality of 50% glucose, caution
hould be exercised when administering such a high concentra-
ion of glucose intravenously. Infusion of a large volume of 10%
r 25% glucose over a short period of time can increase the third
pace burden and worsen tissue edema in patients with heart
ailure or in infected patients with increased tissue permeabil-
ty. Given the existing clinical evidence, the physiological effects
f different glucose concentrations used for hypoglycemia treat-
ent require further studies. 
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