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Philadelphia, Pennsylvania
H yperglycemia is a common response to acute stress. Cytokine
dysregulation in the setting of exogenous or endogenous

catecholamines can lead to insulin resistance, which alters glucose
hemostasis and can lead to hyperglycemia.1 This response occurs
in all patients, but the response and its effects are magnified in
the diabetic patient.1,2 Hyperglycemia is associated with increased
risk of infection,1 deep venous thrombosis,3 and amputation.2 In
critically ill patients, increased ventilator days, intensive care unit
(ICU) length of stay (LOS), hospital LOS, and mortality are also
associated with hyperglycemia.4,5

Trauma patients are often in a state of systemic shock re-
lated to their injuries, and thus at higher risk of hyperglycemia.
Early hyperglycemia in trauma patients is associated with poor
outcomes includingworsening infection andmortality independent
of specific injury features.6,7 Critically ill trauma patients who do
not achieve tight glucose control in the first 3 days of admission
have higher morbidity andmortality.4 In addition to hyperglycemia,
hypoglycemia is associated with increased risk of inpatient mor-
tality and longer LOS.8 Even mild hypoglycemia in critically ill
patients significantly increases the risk of mortality.9 Finally, in
addition to avoiding hyperglycemia and hypoglycemia, it is impor-
tant to reduce glucose variability in critically ill patients, since
highly variable glucose levels are associated with increased ventila-
tor days, longer ICU/hospital LOS, and increased mortality.5,10

Intensive glucose control in critically ill surgical patients
was shown to reduce mortality in the landmark 2001 study by
Van den Berghe et al.11 The authors compared intensive versus
conventional insulin therapy in critically ill patients in a surgical
ICU and demonstrated decreased hospital mortality and morbidity
in patients with intensive glucose control (blood glucose [BG],
80–110 mg/dL) versus those with a more conventional goal BG
of 180 mg/dL to 200 mg/dL. Their study raised the question of
the importance, safety, and feasibility of glucose management
in critically ill patients. Their work was replicated12 and widely
adopted13 until 2009, when the NICE-SUGAR trialwas published.
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This group compared adult ICU patients with glucose maintained
at 81 mg/dL to 108 mg/dL versus 144 mg/dL to 180 mg/dL and
found that intensive glucose management in fact increased mortal-
ity and was associated with a significantly higher rate of hypogly-
cemia compared with conventional therapy.14

Numerous studies have attempted to identify optimal BG
ranges for critically ill patients.15 The heterogeneity of ICU patients
complicates the challenge of determining which rules should apply
to which patient populations.4 There is significant variability
among trauma ICUs regarding the optimal techniques for man-
aging BG in critically ill trauma patients, including identifying
optimal BG ranges, determining appropriate agents to maintain
that range, and applying these rules to specialized populations.

RATIONALE, GOALS, AND METHODS

Given the broad variability between trauma centers regard-
ing glucose management in the critically ill trauma patient, we
compile here the best available evidence into a clinical protocol,
which may be used across multiple settings to standardize care
of trauma patients. The goals of this clinical protocol are to ensure
that management of hyperglycemia in the trauma patient is based
on evidence-based strategies to improve outcomes.

Stakeholders from the American Association for the Sur-
gery of Trauma (AAST) and the American College of Surgeons
Committee on Trauma (ACS-COT) established a work group to
create this clinical protocol. The work group conducted a litera-
ture review to identify prospective and retrospective studies re-
lated to hyperglycemia in trauma patients. These studies were re-
viewed bymembers of the group, and consensus guidelineswere
generated based on current literature and expert opinion. This
Clinical Protocol has been reviewed and approved by the AAST
Board of Managers and the ACS-COT Executive Committee.

The clinical protocol and evidence-based algorithm pre-
sented here is based on best available evidence from national and
international guidelines (Table 1)16–20 and the consensus of experts
on this panel. However, treatment decisions regardingmanagement
should be individualized for each patient and do not exclude other
treatment strategies as beingwithin the standard of care. Ultimately,
the responsibility to implement treatment decisions rests with
the treating physician at bedside in the ICU.

EVIDENCE BASE: BRIEF SUMMARY

Controversies in the Literature
Optimal BG Range for Critically Ill Trauma Patients

There is little high-quality evidence that establishes the
optimal BG range in critically ill trauma patients. Several socie-
ties have compiled available evidence to provide practice guide-
lines for certain populations (see Table 1).16–20 One of these—a
Clinical Practice Guideline (CPG) developed by the Society of
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. National and International Guidelines for Glycemic Control in Adult ICU Patients

Society Guidelines Citation

Society of Critical Care Medicine Guidelines for the use of an insulin infusion for the
management of hyperglycemia in critically ill patients

Jacobi et al. 201216

Society of Hospital Medicine The Glycemic Control Implementation Guidelines, 2nd Ed. Maynard et al. 201517

American Diabetes Association Diabetes Care in the Hospital: Standards of Medical Care
in Diabetes-2021

American Diabetes Association 202118

American College of Physicians Use of intensive insulin therapy for the management of
glycemic control in hospitalized patients

Qaseem et al. 201119

Society of Thoracic Surgeons Guidelines for blood glucose management during adult
cardiac surgery

Lazar et al. 200920
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Critical Care Medicine (SCCM) recommends initiation of insu-
lin therapy if BG is 150 mg/dL or greater to maintain
BG < 150 mg/dL generally and BG < 180mg/dL absolutely, using
a protocol that achieves a low rate of hypoglycemia (defined as
BG ≤ 70 mg/dL) to achieve lower rates of infection and shorter
ICU stays. They note that hypoglycemia and even brief severe hy-
poglycemia (BG < 40 mg/dL) may be independently associated
withmortality, with risk increasing themore often this occurs.With
a very low level of evidence, they note that the quality of an insulin
protocol should be evaluated by quantifying the percentages of BG
checks within range and the frequency of hypoglycemic events.16

Recent guidelines by the American Diabetic Association support
a treatment threshold of greater than 180 mg/dL with treatment
range of 140 mg/dL to 180 mg/dL in most critically ill patients.18

These guidelines also acknowledge that certain populations (e.g.,
critically ill postsurgical patients and cardiac surgery patients)
may benefit from lower range of 110 mg/dL to 140 mg/dL based
upon a lower level of supporting evidence.

Measuring BG
Blood glucose may be measured by arterial, venous, or

fingerstick blood, but there can be significant variability in these
measurements, and several factors common in critically ill patients
increase the degree of this variability. BG measurements from
central venous blood may be higher than arterial blood samples
due to infusion of dextrose-containing fluids. On the other hand,
fingerstick blood may estimate lower BG values than arterial,
particularly in patients with elevated lactate and poor capillary
refill, or patient on vasoactive agents or insulin infusions. There-
fore, hypoglycemia measured by fingerstick whole blood or
hyperglycemia measured by central venous blood may be errone-
ous and should be confirmed by arterial blood sampling if there
is clinical question of appropriateness of treatment. These differ-
ences can be significant and vary based on several patient-related
factors, but even in patients without hemodynamic failure, 10%
of patients have a difference of 16mg/dL or greater between arterial
and fingerstick measurements, and 10% of patients have a dif-
ference of 44 mg/dL or greater between arterial and central ve-
nousmeasurements.21 The SCCM task force CPG recommends,
with a moderate level of evidence, the use of arterial or venous
BG measurements instead of fingerstick for patients in shock,
on vasopressors, with severe peripheral edema, or on prolonged
insulin infusion.

Continuous glucose monitoring is a newer technologic ad-
vance that offers benefits over traditional serial blood glucose
monitoring in the inpatient setting. Sensors measure glucose in
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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the interstitial compartment to correlate with plasma blood glucose
levels. Benefits include avoidance of hypoglycemia, decreasing
nursing workload, and potential for alerts for hypoglycemia
and hyperglycemia. Disadvantages include device costs, lag
time between plasma and interstitial glucose values, training,
and lack of high-quality studies on the benefits compared with
point of care testing.22

Bolus Versus Infusion Insulin Administration
Glycemic variability may be lower in patients receiving in-

sulin infusions rather than bolus insulin dosing and this variabil-
ity may be deleterious to patient outcomes. To quantify this var-
iability, Ali et al.23 calculated a measure they called the glycemic
lability index (GLI) (the squared difference between BG values
over time between them) and found that increased GLI was asso-
ciated with higher in-hospital mortality, with higher mortality
risk in euglycemic than in hyperglycemic patients. In practice,
insulin infusion rather than insulin bolus dosing in a prospective
randomized study of vascular surgery patients reduced postoper-
ative death, myocardial infarction, and congestive heart failure.24

The theory behind these findings is that fluctuating glucose levels
may trigger increased oxidative stresses and worsen patient out-
comes.25 Insulin infusion, then, which may limit glycemic vari-
ability, is preferred to bolus insulin administration in critically ill
patients. In settings and for patient populations in which insulin
infusion is not feasible; however, bolus dosing is appropriate if
care is taken to minimize glycemic variability.

PROPOSED PROTOCOL

Initial Assessment
Figure 1 demonstrates our recommendations for the initial

assessment of BG levels in critically ill trauma patients. Patients
admitted to the ICU after trauma should be initially assessed to
determine their BG. Blood glucose may be obtained using either
arterial or venous blood sampling or by finger-stick measure-
ment. Patients who are hypoglycemic should be treated with ex-
ogenous dextrose administration (either IVor PO). Patients who
are hyperglycemic should be treated with exogenous insulin.
The degree of hyperglycemia determines the administration route
and dosing of insulin.

In patients with risk factors for insulin resistance and insulin
dependent diabetes, an augmented insulin sliding scale (Table 2)
may be utilized to reach the target BG range; in patients without
these risk factors, a lower dose sliding scale regimen may be used.
Critically ill patients with a history of diabetes should have a
953
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Figure 1. Initial assessment of BG and insulin requirements (SAMPLE). Sample algorithm summarizing the process by which BGmay be
initially assessed and initial insulin requirements established in critically ill traumapatients. BG values inmg/dL. *Arterial or venous blood test
(preferred) or finger stick. **Ketosis = 2+ ormoderate urinary ketones OR serum beta-hydroxybutyrate > 2mmol/L; acidemia = pH ≤ 7.3 or
serum bicarbonate ≤ 18 meq/L. Note: In patients with creatinine clearance ≤ 50 mL/min, insulin clearance will be affected—close
monitoring of BG levels is recommended. BG, blood glucose; DKA, diabetic ketoacidosis.
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glycated hemoglobin A1c (HbA1c) checked if not measured in
the last 3 months. Patients with red cell transfusion during admis-
sionmay have a reducedHbA1c concentration, with a greater dis-
crepancy observed in patients with large transfusion volumes.26 If
there is any question about a patient's baseline insulin resistance,
err on the side of undertreating hyperglycemia and titrating insu-
lin doses upward according to patient response.

Special Populations
Brain Injury

Appropriate glucose control is critical in patients with trau-
matic brain injury (TBI). This includes traumatic injury but also
trauma patientswith ischemic stroke and intracranial hemorrhage.
Avoiding secondary brain injury following a primary insult leads
to the best outcomes in brain-injured patients. Jacobi et al.16

provide recommendations for glucose control in brain-injured pa-
tients. Based on limited evidence, they recommend that patients
with TBI have insulin therapy administered if BG ≥ 150 mg/dL to
maintainBG<150mg/dLgenerally andBG<180mg/dL absolutely.
Further, they note that relative hypoglycemia (e.g., BG < 100 mg/dL)
should be avoided if at all possible to optimize neurologic outcomes.
A recent meta-analysis of randomized trials comparing intensive to
standard glucose control in TBI patients found no difference in
mortality between the two groups. Though the study noted better
TABLE 2. Sliding Scale Subcutaneous Insulin Dosing (SAMPLE)

BG (mg/dL) Low Medium High

151–200 1 2 3

201–250 2 4 6

251–300 3 6 9

301–350 4 8 12

351–400 5 10 15

>400 6 12 18

954
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neurologic outcomes with intensive glucose control, there was a
strong association between intensive control and hypoglycemia.
The authors noted that while hyperglycemia and hypoglycemia
both appear to be deleterious in TBI, theremay be promise in tight
glucose control in TBI patients if hypoglycemia can be avoided.27
Cardiac Injury
Adequate glucose control in cardiac surgery patients may

reduce the chance of highly morbid sternal wound infections. In
cardiac patients, glycemic control (e.g., BG < 180 mg/dL) reduces
mortality, morbidity, incidence of wound infections, and hospital
LOS..20 Based on very low level evidence, Jacobi et al.16 recom-
mend that the upper threshold for glucose control be tightened,
aiming for BG < 150 mg/dL instead of BG < 180 mg/dL to reduce
the chance of deep sternal wound infection. The Society of Tho-
racic Surgeons practice guidelines recommend using insulin in-
fusions to maintain BG < 180 mg/dL in ICU patients and
BG < 150 mg/dL in more critically ill ICU patients (e.g. those
on a ventilator for 3 days or longer or patients who require
inotropes, intra-aortic balloon pumps, left ventricular assist device
support, anti-arrhythmic medications, or renal replacement) re-
gardless of diabetic status.20 These recommendations are applica-
ble to critically ill trauma patients who have had cardiac surgery.
Thermal Injury
Glucose control in burn patients is also critical to reduce

morbidity and mortality. Burn patients with diabetes have longer
LOS per percent total body surface area (TBSA), and higher
rates of amputation.2 In a retrospective study in a burn ICU, patients
who achieved “tight glucose control” (BG < 150 mg/dL) had de-
creased episodes of sepsis than thosewho did not.28 The risk for in-
fection and sepsis in the burn population and its associated morbid-
ity and mortality would suggest that BG target <150 mg/dL would
be preferential to reduce infectious complications.
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 2. Administration of sliding scale subcutaneous insulin (SAMPLE). For patients for whom initial assessments recommend starting
subcutaneous sliding scale insulin, this figure provides a sample algorithm demonstrating how to continue that insulin titration in
critically ill trauma patients. BG values in mg/dL. ***Calculate 24-hour insulin requirement and add intermediate- or long-acting
subcutaneous insulin at 40% of daily dose; increase as needed. Note: For patients with traumatic brain injury, initiate hypoglycemia
management for BG < 100 to prevent hypoglycemia. IV, intravenous; PO, oral.
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Diabetic Patients
Preinjury glycemic control may play a role in risk of hypo-

glycemia, hyperglycemia, and mortality in hospitalized critically
ill patients. Patients with poorly controlled diabetes, as measured
by HbA1c, have increased mortality with lower BG targets.29,30

Furthermore, lower mortality is observed with BG targets
≥180mg/dL in patients with HbA1c levels≥8.0%.31 A recent ran-
domized control trial evaluated an individualized glycemic target
based on HbA1c versus a conventional target of BG ≤ 180 mg/dL
in both diabetic and nondiabetic patients.32 Although mortality
and glycemic control were similar in both groups, post hoc anal-
ysis showed a higher mortality in nondiabetic patients with
lower HbA1c and lower individualized targets of 129 mg/dL
(118–138 mg/dL). In summary, a more personalized approach
for BG targets depending on admission HbA1c may be war-
ranted in patients with higher HbA1c values, as theymay benefit
from higher glucose targets.31
TABLE 3. Initial Bolus Doses and Infusion Rates for Patients
Starting Insulin Infusion (SAMPLE)

BG (mg/dL) Bolus (units) Infusion Rate (units/hour)

180–200 0 2

201–250 2 3

251–300 3 4

301–350 4 6

350–400 5 8

>400 6 10
Pregnant Patients
The physiologic changes associated with pregnancy have

important implications in the glycemic management of critically
ill pregnant trauma patients. In these patients, the optimal BG
range is narrower than in non-pregnant patients. Early gestational
maternal hyperglycemia is associated with spontaneous abortion
and congenital malformations, while macrosomia and fetal
hyperinsulinemia are noted later in pregnancy. The American
College of Obstetricians and Gynecologists recommends a target
glucose range less than 140 mg/dL in pregnant patients, and a
range of 70 mg/dL to 110 mg/dL for patients in labor.33

Notably, insulin requirements in patients with known diabe-
tes (Type 1, Type 2, and gestational). during the first and early
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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second (Weeks 10–14) trimesters are slightly lower than
pre-pregnancy baseline, but rise to three or more times baseline
as gestation continues, peaking just before term delivery.33 Fi-
nally, pregnant patients who require basal insulin have historically
been dosed with intermediate-acting neutral protamine Hagedorn
(NPH) insulin in preference to insulin detemir or glargine. How-
ever, there is increasing evidence that insulin detemir (pregnancy
category B) may be used in pregnant patients.17

Administration of Subcutaneous Insulin
In trauma patients admitted to the ICU, we recommend that

all patients have some level of ongoing surveillance of their blood
sugar until there is clear demonstration that exogenous insulin is
not needed. In patients who have not received any supplemental in-
sulin for 72 hours while tolerating a regular diet or goal enteral
feeds, BG checks may be discontinued. However, BG checks
should be resumed in the setting of clinical deterioration or new ad-
ministration of glucose-rich infusions (e.g., dextrose-containing
fluids), medications (e.g., total parenteral nutrition [TPN]), or diet
with increased carbohydrate or sugar load.
955
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TABLE 4. Adjustment Dosing of Insulin Infusion (SAMPLE)

BG (mg/dL) Additional Details Action

<50 –Stop infusion and notify provider

–Give 1 ampule D50 (25 g) or 45 g oral carbohydrate gel or 12 oz juice

–Recheck BG and repeat dextrose administration every 15min until BG> 60, then
every 30 min until BG > 80, then resume hourly checks

–If BG > 160, restart infusion at 50% prior rate

50–70 –Stop infusion and notify provider

–Give ½ ampule D50 (12.5 g) or 15 g oral carbohydrate gel or 4 oz juice

–Recheck BG and repeat dextrose administration every 30min until BG> 80, then
resume hourly checks

–If BG > 160, restart infusion at 50% prior rate

71–99 Rapid decline (BG dropped >25) –Stop infusion

–Recheck BG every 30 min until BG > 80 � 2 then resume hourly checks

–If BG > 160, restart insulin at 50% prior rate

No rapid decline –Change infusion rate to 50% prior rate

100–139 Rapid decline (BG dropped >25) –Change infusion rate to 50% prior rate

–Recheck BG in 30 min

No rapid decline –Change infusion rate to 75% prior rate

–Recheck BG in 1 h

BG increasing –No rate change, recheck BG in 1 h

140–180 Rapid decline (BG dropped >50) –Recheck BG in 30 min

No rapid decline –No rate change, recheck BG in 1 h*

>180 Rapid decline (BG dropped >50) –No rate change, recheck BG in 1 h

No rapid decline –Bolus with current infusion rate and

–Increase insulin infusion to 125% of prior rate

–Recheck BG in 1 h

*If BG falls in this box on two consecutive checks, may change to BG checks every 2 h.
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Figure 2 highlights the indications for exogenous subcuta-
neous insulin based on BG measurements. Table 2 provides a
sample sliding scale insulin (SSI) for the administration of sub-
cutaneous regular insulin. In patients for whom SSI is not bring-
ing BG rapidly into range, consider insulin infusion or adminis-
tering intermediate- or long-acting exogenous insulin. Patients at
high risk for deterioration or with tenuous clinical status are pref-
erentially treated with infusion. Patients with BG not significantly
out of range or with stabilizing clinical parameters may be treated
with additional longer-acting insulin preparations, keeping in
mind the longer duration of action of these medications in the
setting of subsequent unexpected clinical deterioration.
Administration of Insulin Infusion
Institutions should adopt insulin protocols based on available

resources and expertise to achieve target BG control and minimize
hypoglycemia. Protocols for insulin infusions should account
for the following scenarios:

○ Discontinuation or adjustments in TPN or total enteral nu-
trition (TEN)—insulin infusion rates will need to be ad-
justed and more frequent BG monitoring should be per-
formed to avoid hypoglycemia or hyperglycemia.

○ Increased insulin requirements in patients with risk factors
for insulin resistance such as high acuity, sepsis, or steroid
usage.

○ Many medications including antibiotics are given in dex-
trose, which will temporarily increase BG.
956
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○ The addition of prandial insulin—consider not increasing
insulin infusion for 2 hours after eating but record BG values
during this time.

○ Parameters for transitioning off continuous insulin infusion
therapy.

○Consideration for endocrine consult if insulin rate >20 units
per hour.
Detailed guide on designing and implementing insulin in-

fusion protocols and orders can be found in the Society of Hos-
pital Medicine's glycemic control implementation guide.17 We
provide here one example of an insulin infusion protocol with
initiation, monitoring, and titration parameters. Table 3 provides
initial insulin bolus dosing and infusion rates based on the
patient's starting BG. Ongoing monitoring of the patient's BG
is critical, with careful titration of the insulin infusion to main-
tain BG within the acceptable range. In the proposed protocol,
if the patient's BG has been in range (e.g., 110–150 mg/dL)
for three consecutive checks, BGmay be checked every 2 hours.
If the patient's BG is being checked every 2 hours and is in range
for three consecutive checks, BGmay be checked every 4 hours.
Hourly BG monitoring should resume if there is any change in
the rate of insulin infusion, if the patient's clinical status changes
(e.g., clinical deterioration, need for operative intervention), or if
pressors, renal replacement therapy, nutritional support, steroids,
etc. are started or stopped.

Table 4 provides details regarding adjustments that should
be made to the insulin infusion rate based on ongoing BG mea-
surements. Of note, hypoglycemia initiates administration of
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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exogenous dextrose and both hypoglycemia and rapid decline of
BG initiates closer monitoring of BG until the BG stabilizes.

Administration of Insulin in TPN
Insulin should only be included in TPN for patients with

stable glucose requirements. If the patient becomes hypoglycemic
while receiving TPN with insulin, consideration should be given
to either discontinuing the TPN (to halt the ongoing administra-
tion of exogenous insulin) or continuing TPNwhile adding an ad-
ditional dextrose source. Special adjustments should be made for
patients who have type 1 diabetes, who should be maintained on
an insulin infusion until they can be safely transitioned to basal
insulin (e.g., insulin pump, intermediate- or long-acting insulin).
Involvement of local expertise in this patient population is rec-
ommended for optimizing this transition.17,18

Transition to Subcutaneous Regimens
Discontinuation of the insulin infusion and transition to

exogenous (or no) insulin may be attempted once the following
conditions are met: 1) patient's clinical status has stabilized, 2)
critical illness has resolved/no further need for volume
resuscitation/vasopressors, (3) nutrition is being administered con-
sistently without planned interruption, and (4) BG has been stable
for the past 24 hours to 48 hours and in the target range for the last
4 hours to 6 hours.34 Safe discontinuation of an insulin infusion
should avoid rebound hyperglycemia as well as hypoglycemia.

We recommend the administration of a long-acting or
intermediate-acting insulin 2 hours prior to the discontinuation
of the insulin infusion. Long-acting insulin (e.g., detemir, glargine)
is typically preferred to intermediate-acting (e.g., NPH) because it
leads to fewer fluctuations in BG. Moreover, the use of a basal/bolus
regimen is preferred to the use of a reactive SSI, which is associated
with decreased hyperglycemia but not increased hypoglycemia.35

To determine the appropriate regimen, calculate the total
daily dose of insulin (TDD) by multiplying the prior 6 hours
of insulin administration by four to estimate the patient's
24-hour insulin requirement. When first transitioning from infu-
sion to subcutaneous regimens, the dose administered should be
approximately 80% of this 24-hour requirement, adjusting for
the patient's clinical situation, age, weight, renal function, cur-
rent dextrose infusion, dietary intake, or steroid use and titrating
as needed.17,36,37

The patient's dietary intakewill affect insulin dosing. If the pa-
tient is not able to eat or is eating <50% of meals, 50% of the TDD
should be administered as subcutaneous basal insulin and additional
insulin should be held. If the patient is eating≥50%ofmeals or is on
TEN, 50%of theTDDshould be administered as longer-acting basal
insulin and 50% as shorter-acting nutritional insulin dosing divided
evenly betweenmeals or TENboluses. If the TEN is continuous, nu-
tritional insulin should be dosed in equally spaced intervals over the
24-hour period. If the patient is on TPN, 50% to 100% of the basal
dose should be added to the TPN and no basal dose given.17

Finally, in addition to the above, patients being transitioned
from an insulin infusion to a subcutaneous regimen should also
be started on an SSI. Many patients may be safely started on a
medium-dose SSI, but consider low-dose SSI for insulin-sensitive
patients (e.g., frail elderly, patients with type 1 diabetes, renal fail-
ure, low body mass index (BMI), or insulin naïve) or a high-dose
SSI for insulin-resistant patients (e.g., patients with type 2 diabetes
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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or who are obese, on high dose steroids, or have high insulin in-
fusion requirements).

Example Case
For example, a patient eating >50% of meals/TEN receiv-

ing 15 μ of insulin in the 6 hours prior to infusion discontinuation
has a TDD of 60 μ and could be started on 48 μ of insulin per day
divided into 24 μ long-acting insulin (dosed once a day or in two
divided doses) and 24u short-acting insulin (dosed as 8 μ with
meals or 6u q6h if on continuous TEN). The patient should also
be started on an SSI. If the same patient needed to be NPO for sur-
gery, continue the long-acting insulin and SSI and hold the
short-acting insulin. If there is a concern for periprocedural hypo-
glycemia (e.g., long procedure, low BG, inability to restart feeds
post-procedure), the long-acting dose may be reduced by 20%
to 30% the night before but otherwise may be given as the full
dose. Regardless, BG should be checked regularly throughout
the procedure and dextrose-containing infusions started if the pa-
tient becomes hypoglycemic.

LIMITATIONS

As discussed above, given lack of high-quality evidence
for the specific nuances of BGmanagement in critically ill trauma
patients, we provide the above consensus-driven protocol as a
general and practical protocol for use in trauma ICUs. We take
into consideration the existing literature on the subject, recogniz-
ing that there are differences in blood glucose management based
on hospital and regional variation. Our goal is not to provide a
definitive recommendation for BG management but rather a
framework based on the best-available evidence for trauma cen-
ters seeking to standardize their BG management in critically ill
trauma patients.

CONCLUSION

In the last 20 years, the pendulum has swung significantly
onBGmanagement in ICUpatients. Fromminimal activemanage-
ment of BG to intensive therapies to achieve BG in a narrow range
to liberalization of that range, the literature continues to refine
optimal ranges for andmanagement of BG in critically ill trauma
patients. While there remain several controversies in glucose
management, there is general agreement that euglycemia is pref-
erable to hyperglycemia and hypoglycemia. Both have been
shown toworsen morbidity and mortality. This AAST-COT pro-
tocol aims to minimize periods of excessive hypoglycemia and
hyperglycemia. In the absence of high-quality evidence dictat-
ing the nuances of glucose management, this protocol provides
a foundation onwhich to base BGmanagement protocols in crit-
ically ill trauma patients.

AUTHORSHIP

All authors participated in literature review, drafting of article content, and
development of the clinical protocol and algorithm. C.L.J., D.A.S., and
G.T.T. worked on writing of the article. All authors participated in critical
review, article revision, and approval of the final draft for publication.

DISCLOSURE

The authors declare no funding or conflicts of interest.
957

ealth, Inc. All rights reserved.



Jacovides et al.
J Trauma Acute Care Surg

Volume 95, Number 6

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by V

1R
9qA

gW
99o5j886m

oF
dA

quIeS
7+

X
idaIrqw

gLX
gds5B

vm
R

C
x

O
V

/Q
iq3G

xt2sW
tpZ

K
U

P
U

ztB
Q

sLJd3yG
spH

9yB
U

bT
2O

bx3slE
88jR

hW
N

8m
2w

S
32D

a0A
tS

C
sg0ibA

LK
E

t on 11/22/2023
REFERENCES
1. McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyperglycemia.

Crit Care Clin. 2001;17(1):107–124.
2. Murphy CV, Zhelezny R, Porter K, Zhang C, Coffey R. Clinical outcomes

following burn injury across the continuum of chronic glycemic control.
Burns. 2021;47(5):1059–1065.

3. Liu X, Li T, Xu H, Wang C, Ma X, Huang H, et al. Hyperglycemia may in-
crease deep vein thrombosis in trauma patients with lower limb fracture.
Front Cardiovasc Med. 2022;9:944506.

4. Gale SC, Sicoutris C, Reilly PM, Schwab CW, Gracias VH. Poor glycemic
control is associated with increased mortality in critically ill trauma patients.
Am Surg. 2007;73(5):454–460.

5. Bochicchio GV, Sung J, JoshiM, Bochicchio K, Johnson SB, MeyerW, et al.
Persistent hyperglycemia is predictive of outcome in critically ill trauma pa-
tients. J Trauma. 2005;58(5):921–924.

6. Yendamuri S, Fulda GJ, Tinkoff GH. Admission hyperglycemia as a prog-
nostic indicator in trauma. J Trauma. 2003;55(1):33–38.

7. Laird AM, Miller PR, Kilgo PD, Meredith JW, Chang MC. Relationship of
early hyperglycemia to mortality in trauma patients. J Trauma. 2004;56(5):
1058–1062.

8. BrodoviczKG,MehtaV, ZhangQ, ZhaoC,DaviesMJ, Chen J, et al. Association
between hypoglycemia and inpatient mortality and length of hospital stay in hos-
pitalized, insulin-treated patients. Curr Med Res Opin. 2013;29(2):101–107.

9. Krinsley JS, SchultzMJ, Spronk PE, Harmsen RE, van BraamHouckgeest F,
van der Sluijs JP, et al. Mild hypoglycemia is independently associated with
increased mortality in the critically ill. Crit Care. 2011;15(4):R173.

10. Al-Dorzi HM, Tamim HM, Arabi YM. Glycaemic fluctuation predicts mor-
tality in critically ill patients. Anaesth Intensive Care. 2010;38(4):695–702.

11. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M,
et al. Intensive insulin therapy in critically ill patients. N Engl J Med. 2001;
345(19):1359–1367.

12. Krinsley JS. Effect of an intensive glucose management protocol on themor-
tality of critically ill adult patients. Mayo Clin Proc. 2004;79(8):992–1000.

13. Angus DC, Abraham E. Intensive insulin therapy in critical illness. Am J
Respir Crit Care Med. 2005;172(11):1358–1359.

14. Intensive versus conventional glucose control in critically ill patients. N Engl
J Med. 2009;360(13):1283–1297.

15. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, et al.
Surviving sepsis campaign guidelines for management of severe sepsis and
septic shock. Crit Care Med. 2004;32(3):858–873.

16. Jacobi J, Bircher N, Krinsley J, Agus M, Braithwaite SS, Deutschman C,
et al. Guidelines for the use of an insulin infusion for the management of hy-
perglycemia in critically ill patients. Crit Care Med. 2012;40(12):3251–3276.

17. Maynard G, Berg K, Kusala K, O’Malley C, Rogers KM, eds. The Glycemic
Control Implementation Guide: Improving Glycemic Control, Preventing
Hypoglycemia and Optimizing Care of the Inpatient with Hyperglycemia
and Diabetes. 2015. https://www.hospitalmedicine.org/globalassets/clinical-
topics/clinical-pdf/gcmi-guide-m4.pdf. Accessed October 31, 2022.

18. AmericanDiabetes Association. 15. Diabetes Care in theHospital: Standards
of Medical Care in Diabetes-2021. Diabetes Care. 2021;44(Suppl 1):S211–S220.

19. Qaseem A, Humphrey LL, Chou R, Snow V, Shekelle P, Clinical guidelines
Committee of the American College of physicians. Use of intensive insulin
therapy for the management of glycemic control in hospitalized patients: a
clinical practice guideline from the American College of Physicians. Ann In-
tern Med. 2011;154(4):260–267.

20. Lazar HL, McDonnell M, Chipkin SR, Furnary AP, Engelman RM, Sadhu
AR, et al. The Society of Thoracic Surgeons practice guideline series: blood
glucose management during adult cardiac surgery. Ann Thorac Surg. 2009;
87(2):663–669.
958

Copyright © 2023 Wolters Kluwer H
21. Rodriguez-Delgado E, García Del Moral R, Cobos-Vargas A, Martín-López
J, Colmenero M. Agreement of blood glucose measured with glucose meter
in arterial, central venous, and capillary samples in adult critically ill patients.
Nurs Crit Care. 2022;27(5):711–717.

22. Buschur EO, Faulds E, Dungan K. CGM in the hospital: is it ready for prime
time? Curr Diab Rep. 2022;22(9):451–460.

23. Ali NA, O’Brien JM Jr., Dungan K, Phillips G, Marsh CB, Lemeshow S,
et al. Glucose variability and mortality in patients with sepsis. Crit Care
Med. 2008;36(8):2316–2321.

24. Subramaniam B, Panzica PJ, Novack V, Mahmood F, Matyal R, Mitchell JD,
et al. Continuous perioperative insulin infusion decreases major cardiovascu-
lar events in patients undergoing vascular surgery: a prospective, randomized
trial. Anesthesiology. 2009;110(5):970–977.

25. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol J-P, et al. Activation
of oxidative stress by acute glucose fluctuations comparedwith sustained chronic
hyperglycemia in patients with type 2 diabetes. JAMA. 2006;295(14):
1681–1687.

26. Spencer DH, Grossman BJ, Scott MG. Red cell transfusion decreases hemo-
globin A1c in patients with diabetes. Clin Chem. 2011;57(2):344–346.

27. Hermanides J, Plummer MP, Finnis M, Deane AM, Coles JP, Menon DK.
Glycaemic control targets after traumatic brain injury: a systematic review
and meta-analysis. Crit Care. 2018;22(1):11.

28. Gibson BR, Galiatsatos P, Rabiee A, Eaton L, Abu-Hamdah R, Christmas C,
et al. Intensive insulin therapy confers a similar survival benefit in the burn
intensive care unit to the surgical intensive care unit. Surgery. 2009;146(5):
922–930.

29. Egi M, Bellomo R, Stachowski E, French CJ, Hart GK, Taori G, et al. The
interaction of chronic and acute glycemiawith mortality in critically ill patients
with diabetes. Crit Care Med. 2011;39(1):105–111.

30. Krinsley JS, Chase JG, Gunst J, Martensson J, Schultz MJ, Taccone FS, et al.
Continuous glucose monitoring in the ICU: clinical considerations and con-
sensus. Crit Care. 2017;21(1):197.

31. Krinsley JS, Rule P, Pappy L, Ahmed A, Huley-Rodrigues C, Prevedello D,
et al. The interaction of acute and chronic glycemia on the relationship of hy-
perglycemia, hypoglycemia, and glucose variability to mortality in the criti-
cally ill. Crit Care Med. 2020;48(12):1744–1751.

32. Bohé J, Abidi H, Brunot V, Klich A, Klouche K, Sedillot N, et al.
Individualised versus conventional glucose control in critically-ill patients:
the CONTROLING study—a randomized clinical trial. Intensive Care Med.
2021;47(11):1271–1283.

33. Yeh T, Yeung M, Mendelsohn Curanaj FA. Inpatient glycemic management
of the pregnant patient. Curr Diab Rep. 2018;18(10):73.

34. Goyal A, Mathew UE, Golla KK, Mannar V, Kubihal S, Gupta Y, et al. A
practical guidance on the use of intravenous insulin infusion for manage-
ment of inpatient hyperglycemia: intravenous insulin infusion for man-
agement of inpatient hyperglycemia. Diabetes Metab Syndr. 2021;
15(5):102244.

35. Umpierrez GE, Smiley D, Jacobs S, Peng L, Temponi A, Mulligan P, et al.
Randomized study of basal-bolus insulin therapy in the inpatient manage-
ment of patients with type 2 diabetes undergoing general surgery (RABBIT
2 surgery). Diabetes Care. 2011;34(2):256–261.

36. Schmeltz LR, DeSantis AJ, Schmidt K, O’Shea-Mahler E, Rhee C, Brandt S,
et al. Conversion of intravenous insulin infusions to subcutaneously admin-
istered insulin glargine in patients with hyperglycemia. Endocr Pract. 2006;
12(6):641–650.

37. Weant KA, Ladha A. Conversion from continuous insulin infusions to sub-
cutaneous insulin in critically ill patients. Ann Pharmacother. 2009;43(4):
629–634.
© 2023 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

https://www.hospitalmedicine.org/globalassets/clinical-topics/clinical-pdf/gcmi-guide-m4.pdf
https://www.hospitalmedicine.org/globalassets/clinical-topics/clinical-pdf/gcmi-guide-m4.pdf

