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Diabetes remains a major cause of death and disability and is a growing
global concern. The age-adjusted prevalence of type 2 diabetes in the United
States increased by more than 55% from 1990 to 2000 [1]. It is estimated
that one out of three individuals born in 2000 will develop diabetes in their
lifetime [2].
Chronic complications of diabetes, especially cardiovascular disease,
result in hospitalization in many patients with diabetes. In 2001, more than
4.6 million hospitalizations were associated with diabetes, accounting for
nearly 17 million hospital days at a cost of over $40 billion [3].
Mounting observational and interventional evidence consistently indicates that hyperglycemia in the hospital setting is associated with increased
mortality and morbidity and that meticulous glycemic control can improve
clinical outcomes [4–7]. The purpose of this article is to review the evidence,
discuss the importance of striving for good glycemic control in the hospital
setting, and emphasize the need for additional outcome research studies to
further examine the currently recommended in-hospital glycemic guidelines.
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The article concludes with a discussion of strategies for achieving tight
glycemic targets.
Hyperglycemia in the hospital setting
Hyperglycemia is a frequent ﬁnding in hospitalized patients. With the
escalating incidence of diabetes in the United States, the number of patients
with diabetes who require hospitalization has also increased. Between 1980
and 2001, the age-adjusted hospital discharge rate for diabetes as any-listed
diagnosis in the general population increased over 49% from 109.0 to 162.4
per 10,000 in the general population [8]. A rapidly growing body of evidence
clearly suggests that meticulous glycemic control improves clinical outcomes, including reduced mortality and infection rates [4–7]; however, until
recently there were no established guidelines or standards for management
of diabetes in the hospital setting.
In a recent consensus conference cosponsored by the American
Association of Clinical Endocrinologists, American College of Endocrinology, American Diabetes Association, Endocrine Society, American Association of Diabetes Educators, American Heart Association, American
Society of Anesthesiologists, Society of Critical Care Medicine, Society of
Hospital Medicine, and Society of Thoracic Surgeons, a position statement
was developed by the American College of Endocrinology with recommendations for glycemic targets in the hospital setting [9]. During the 2-day
conference, experts reviewed extensive data and deliberated regarding the
most appropriate targets for glycemic control in the hospital setting [9]. The
upper limits of normal for glycemic targets are shown in Box 1.
Role of intravenous insulin therapy in critically ill patients
Hyperglycemia is very common in critically ill patients in the intensive
care unit (ICU), even among patients with no prior history of diabetes. This
Box 1. Upper limits for glycemic targets
Intensive care unit
110 mg/dL (6.1 mmol/L)
Noncritical care units
Preprandial
110 mg/dL (6.1 mmol/L)
Maximal glucose
180 mg/dL (10.0 mmol/L)
Data from American College of Endocrinology. Position statement on inpatient
diabetes and metabolic control. Endocr Pract 2004;10:77–82.
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‘‘stress hyperglycemia’’ is believed to be due to insulin resistance in the liver
and the skeletal muscle. Until recently, it was felt that mild to moderate
degrees of hyperglycemia was inconsequential or perhaps even adaptive to
ensure there was enough substrate to provide enough energy.
Van den Berghe and colleagues [5] challenged this notion in a prospective,
randomized control study. They studied 1548 mechanically ventilated adults
who were admitted to a surgical ICU. These patients were randomized to
receive either intensive insulin therapy with target blood glucose of 80 to 110
mg/dL or conventional therapy to maintain blood glucose between 180 and
200 mg/dL; insulin infusion was initiated in the conventional group if blood
glucose exceeded 215 mg/dL. The primary outcome measure was all-cause
mortality in the ICU. Secondary outcome measures included in-hospital
mortality, duration of ICU stay, and need for ICU ventilator support for
more than 14 days.
The intensive insulin therapy group showed a signiﬁcant reduction in
ICU mortality compared with the conventional therapy group, 4.6% and
8% respectively (P \ 0.04). The mortality reduction was only evident in
patients who stayed in the ICU more than 5 days, 10.6% versus 20.2%
(P = 0.005). In addition, the intensive therapy group had signiﬁcant
reductions in in-hospital mortality (ÿ34%), sepsis (ÿ46%), acute renal
failure requiring dialysis or hemoﬁltration (ÿ41%), rate of transfusion
(ÿ50%), and polyneuropathy (ÿ44%).

Impact of hyperglycemia and intravenous insulin infusion on the outcome of
myocardial infarction
More than 80% of deaths associated with diabetes are from cardiovascular disease, of which 75% are a result of coronary artery disease [10].
Although the mortality from coronary artery disease has declined in the
general population, this decline has not been as signiﬁcant in individuals with
diabetes. Insulin resistance and abnormal glucose tolerance is even more
common in patients with acute coronary syndrome as evidenced by a recent
study showing that only one third of all patients had a normal glucose
tolerance test 3 months after the acute event [11]. These results are consistent
with a 2002 prospective study by Norhammar and colleagues [12], who
looked at outcomes in 181 consecutive patients admitted to the coronary
care units of two hospitals in Sweden with acute myocardial infarction but
no diagnosis of diabetes and a blood glucose concentration of less than
200 mg/dL (11.1 mmol/L). Subjects underwent standardized oral glucose
tolerance tests (75-g glucose load) at discharge and again 3 months later.
Fifty-eight of 164 (35%) and 58 of 144 (40%) individuals had impaired
glucose tolerance at discharge and after 3 months, respectively, whereas 51 of
164 (31%) and 36 of 144 (25%) had previously undiagnosed diabetes
mellitus.
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It is well established that the short- and long-term prognosis of diabetic
patients sustaining acute myocardial infarction is poor and is associated with
increased mortality and morbidity [13]. A meta-analysis of 15 studies reported
that hyperglycemia (glucose > 110 mg/dL), with or without a prior history of
diabetes, is associated with increases in in-hospital mortality and congestive
heart failure in patients admitted for acute myocardial infarction [14].
The DIGAMI study demonstrated that the unfavorable long-term
prognosis could be improved by insulin treatment [4], extending ﬁndings
from previous reports [15–17]. In the DIGAMI study, 620 patients with
acute myocardial infarction and hyperglycemia (with and without prior
history of diabetes) were randomized to either intravenous (IV) insulinglucose infusion for at least 24 hours, followed by multidose subcutaneous
insulin treatment for at least 3 months or to a control group, which received
conventional treatment that generally included sulfonylurea therapy. The
conventional treatment group was used as the control arm; therapy was left
to the discretion of the treating physicians. Standard therapy for acute
myocardial infarction was applied to all subjects. The baseline characteristics were similar between the two groups. The primary end point of the
study was 3-month mortality; the secondary end point was 1-year mortality.
Results showed that the mortality at 1 year was signiﬁcantly reduced in
the infusion group (19%) compared with the control group (26%). The
long-term results (3.4 years of follow-up) showed a persistent relative
mortality reduction of 25% (P = 0.011) in the insulin-treated group, which
corresponds to an absolute mortality reduction of 11%. Risk reduction was
even more signiﬁcant in patients who were considered ‘‘low risk’’: a group of
272 patients with no prior history of insulin therapy. In this group, there was
a 58% reduction in mortality at discharge (P \ 0.05), a 50% reduction at 12
months, and a 45% reduction at 3.4 years (P = 0.004).

Impact of insulin therapy on nonglycemic parameters of metabolic control
Insulin promotes glucose oxidation, which is beneﬁcial in ischemic
situations [18]. Increased levels of circulating free fatty acids (FFAs) are
a common ﬁnding in a setting of myocardial ischemia [19]. FFA oxidation is
detrimental to the myocardium because of an increased oxygen demand and
to a direct inhibition of glucose oxidation [20]. In addition, increased FFA
use during ischemia causes accumulation of FFA metabolites. These in turn
are toxic to the myocardium and can provoke arrhythmia and exacerbate
mechanical dysfunction [19]. Furthermore, the Paris Prospective Study
reported FFAs as a predictor of sudden death [21], and the infusion of FFAs
can induce ventricular ﬁbrillation [19,22].
Proinﬂammatory cytokines are also likely involved in the morbidity and
mortality of severe illness [23,24]. These cytokines appear to promote acute
thrombosis, sepsis, heart failure, the cachexia of malignancy, and are

DIABETES: HOSPITAL MANAGEMENT

103

involved in the pathogenesis of atherosclerosis. The regulation of these
cytokines (and the acute phase proteins they modulate) is complex and not
fully understood. However, one fact remains clear: exogenous insulin, when
infused to normal or near-normal blood glucose levels, can inhibit some of
these macrophage and monocyte products [25–27].
There are two other possible mechanisms through which insulin may
independently improve outcomes in critically ill patients. First, it suppresses
the growth factors involved in acute thrombosis, which may be important
during acute myocardial infarction [28]. Second, it stimulates endothelial
nitric oxide synthase, which results in the synthesis of nitric oxide and
potentially results in vascular vasodilation [29].

Impact of hyperglycemia and intravenous insulin infusion on cardiac
surgery outcome
The prevalence of diabetes among patients undergoing coronary artery
bypass graft (CABG) is as high as 28%, and diabetes is an independent risk
factor for CABG-related death [30]. In addition, postoperative hyperglycemia (200 mg/dL) is a predictor of infectious complications in patients
undergoing coronary artery surgery [31] and is associated with surgical-site
infection [32]. In a study of 1000 patients undergoing cardiothoracic surgery
at a large university hospital setting, hyperglycemia in the ﬁrst 48 postoperative hours was associated with a twofold higher rate of surgical-site
infection compared with the normoglycemic group [32].
It has been shown that IV insulin during the postoperative period improves outcome. Zerr and colleagues [33] were able to demonstrate that use
of IV insulin in the ﬁrst 3 postoperative days signiﬁcantly reduces morbidity
in cardiac surgery patients, speciﬁcally in reducing deep sternal wound
infection. This retrospective study involved 1585 patients with diabetes who
underwent cardiac surgery between 1987 and 1993. The study looked at
the rate of deep wound infection in patients treated before and after
September 1991, when a protocol of postoperative continuous IV insulin
to maintain a blood glucose level of less than 200 mg/dL was initiated.
Patients treated with IV insulin infusion to maintain glucose levels below
200 mg/dL had a signiﬁcantly lower incidence (P \ 0.02) of deep wound
infection, from 2.8% before the implementation of IV insulin therapy to
0.74% the third year after the implementation. In a subsequent publication,
Furnary and colleagues [34] reported that continuous insulin infusion
added an independently protective eﬀect against death (odds ratio 0.50,
P = .005) to the constellation of risk factors described in the Society of
Thoracic Surgeons risk model [30]. They concluded that diabetes per se is
not a true risk factor for death after CABG; rather, it is the underlying
glycometabolic state of the myocardium that independently aﬀects postoperative mortality.
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Relationship between glycemic control and stroke outcome
Observational studies suggest a correlation between blood glucose level,
mortality and morbidity, and functional recovery in patients who have
suﬀered a stroke. Capes and colleagues [35] performed a meta-analysis of 26
studies published between 1996 and 2000 and reported that in patients with
no history of diabetes who had an ischemic stroke, even a moderately
elevated glucose level ([110 mg/dL) is associated with a threefold higher
risk of in-hospital or 30-day mortality and an increased risk of poor functional recovery compared with those with lower glucose levels. This metaanalysis was limited by several factors, including the use of pooled studies
with diﬀerent inclusion and exclusion criteria, deﬁnitions of hyperglycemia, and concomitant treatment; nevertheless, the strong association
between admission hyperglycemia and poor prognosis suggests that glucose
level is an important prognostic factor for morbidity and mortality after
stroke.
Other studies suggest similar correlation between blood glucose level and
mortality and morbidity in stroke patients [36,37]. These observational
studies highlight the need for interventional controlled trials to investigate
the impact of targeted glycemic control on the outcome of acute stroke both
in patients with and without a known history of diabetes.

Hyperglycemia and infection
The association between hyperglycemia and infection has long been
recognized [38,39]. Pomposelli and coworkers [38] found that early postoperative glucose control predicts nosocomial infection in diabetic patients.
In this study, 97 patients with diabetes undergoing surgery were studied. On
postoperative day 1, a single glucose level of more than 220 mg/dL was
shown to be a sensitive predictor of nosocomial infection at a rate 2.7 times
higher than in patients who had blood glucose levels below 220 mg/dL. In
a separate evaluation that excluded patients with minor urinary tract infection from the analysis, the rate of severe infection such as sepsis, pneumonia,
and wound infection was increased to 5.7%.
In 1499 patients studied between 1987 and 1994, Furnary and colleagues
[6] found that hyperglycemia in the ﬁrst 48 hours following surgery was an
independent risk factor for deep sternal wound infection; patients with
glucose levels above 200 mg/dL had a risk 2.2 times higher than those
patients with glucose levels of less than 200 mg/dL. Control of hyperglycemia with IV insulin in these patients resulted in a 66% reduction of this
serious complication to a rate similar to that of nondiabetic subjects.
The association between hyperglycemia and increased infection may be
attributed to impaired immune function. Phagocyte dysfunction appears to
be the primary problem, including impaired adherence, chemotaxis, phago-
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cytosis, bacterial killing, and respiratory burst [40–50]. Other abnormalities
of impaired immune function associated with hyperglycemia include
nonenzymatic glycation of immunoglobulins and reduced T-lymphocyte
populations [51]. The eﬀect on peripheral lymphocytes associated with
hyperglycemia is reversed when glucose levels are lowered [52].

Good glycemic control reduces cost and length of hospital stay
Although the association between hyperglycemia and adverse outcomes
is well supported [53–56], prospective studies for using glucose reduction as
a means of reducing length of hospitalization are few, and cost-eﬀectiveness
analyses are even fewer in number.
Several studies have shown a relationship between improved inpatient
glucose control and decreased hospital length of stay [34,57–62]. Furnary
and colleagues [62] showed that length of stay was increased by 1 day for
each 50-mg/dL increase above 150 mg/dL in the mean glucose during the
ﬁrst 3 postoperative days (P \ 0.001). An intensive IV insulin regimen was
associated with 23% reduction in length of hospital stay. This resulted in
a net savings of more than $680 per patient.
In a nonrandomized, retrospective review, Levetan and associates [58]
reported that diabetes team consultation resulted in a 56% shorter
hospitalization than those patients with no consultation and proposed
a cost saving of $2353 per patients who were managed by the diabetes team.
From the studies available, the cost beneﬁt of improved glycemic control
appears to be apparent; however, more rigorous analyses of cost eﬀectiveness are warranted.

The use of intravenous insulin in the hospital
In the ICU, the data support the use of IV insulin both for critically ill
patients (especially those who have had recent surgery) and for those with
hyperglycemia during an acute myocardial infarction [9,63]. There is also
general consensus that IV insulin should be used for metabolically unstable
patients with widely ﬂuctuating blood glucose levels, regardless of their
location in the hospital [9,63]. However, IV insulin infusions are infrequently used on general medical and surgical wards. Typical ‘‘sliding scale’’
insulin is not eﬀective in the manner that it is typically used [64], and yet it is
part of our medical culture [65].
IV insulin infusions have been used to manage diabetes for more than 20
years and have a proven record of safety and eﬃcacy [66]. An insulin drip
has more predictable bioavailability, is easier and quicker to titrate, and is
safer than subcutaneous insulin in patients who are not eating or who may
be suddenly switched to no-eating status.

106

MOGHISSI & HIRSCH

There are a wide variety of insulin infusion protocols, but there are no
studies in which algorithms are compared with one another. It is apparent
that protocols have to be adapted to each speciﬁc hospital environment and
that no one protocol would be likely to be eﬀective at all hospitals. As an
example, Appendix 1 presents the protocol used by the author at the
University of Washington Medical Center in Seattle, Washington [67].
Several aspects of the IV insulin protocol need to be emphasized. First,
there must be enough bedside glucose testing to ensure optimum patient
safety. The ideal frequency of glucose testing has not been systematically
studied. At the University of Washington, we generally initiate the protocol
with hourly glucose measurements, at least until the blood glucose is stable
[67]. Next, the protocol should include some mechanism for changing
infusion rate if there have been signiﬁcant alterations in blood glucose.
Some of the most widely used protocols have this feature [68,69].
Next, enough glucose needs to be provided to prevent both hypoglycemia
and starvation ketosis. Again, the ideal amount has not been systematically
studied, but most authors suggest 5 to 10 g each hour. If ketonuria occurs
despite well-controlled blood glucose levels, the amount of glucose needs to
be increased.
The University of Washington Medical Center is a 400-bed teaching
hospital where numerous IV insulin infusion protocols have been used since
1991. Each service had their own protocol, but in July of 2002 the insulin
infusion algorithms were all standardized to a protocol adapted from the
Markovitz report (see Appendix 1) [68]. Instead of introducing the protocol
throughout the entire hospital at the same time, each nursing unit was
transitioned sequentially until they were comfortable with the new protocol.
This took over a year to accomplish, but we found satisfaction from nurses
and physicians to be high, and the protocol was found to be quite safe [70].
Compared with the old protocol, which resulted in over 40% of blood
glucose values above 180 mg/dL, we found only 16.7% of blood glucose
levels greater than this value. Likewise, hypoglycemia was rare with the
new protocol. Only 3% had one blood glucose measurement below
40 mg/dL, and 16% had one reading below 60 mg/dL. On the old protocol, this compares to 14% and 30% below 40 mg/dL and 60 mg/dL,
respectively.
It is clear that for these types of protocols to work eﬀectively, there
must be an understanding of the general philosophies of insulin therapy
among endocrinologists, cardiologists, surgeons, anesthesiologists, primary
care physicians, nurses, and hospital pharmacists. Often a signiﬁcant
amount of education will be required for those not very familiar with
insulin therapy.
According to the American College of Endocrinology position statement
on inpatient diabetes and metabolic control [9], implementation of these
protocols requires assessment of hospital systems for safety and quality of
care; adjustments may be required for appropriate provision of diabetes care,
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including timely delivery of meal trays, point-of-care blood glucose testing,
and the administration of diabetes medications. It is also recommended that
nursing staﬀ receive adequate and ongoing in-service training on the specialized needs of the inpatient with diabetes, especially with regard to insulin
therapy. A team approach to implementation is also recommended. In addition to the physician, the team may include specialty staﬀ such as a certiﬁed
diabetes educator. Diabetes educators and nursing staﬀ should collaborate in
providing basic ‘‘survival skills’’ when needed to allow for a safe discharge.
Finally, discharge planning should be initiated well in advance, exploring
community resources and arranging for follow-up of diabetic issues.

The use of subcutaneous insulin therapy in the hospital
When addressing subcutaneous (SC) insulin therapy, it is important that
the deﬁnitions of insulin therapy are appreciated. Diﬀerences between
physiologic and nonphysiologic insulin replacement, basal and prandial
insulin replacement, and the diﬀerence between a supplement and an
adjustment need to be clear [66]. The insulin supplement (or ‘‘correction
dose’’) needs to be diﬀerentiated from sliding scale insulin [34,66].
Neutral protamine Hagedorn and regular insulin have been traditionally
used for basal and prandial glucose coverage, respectively. We believe that
the use of current insulin analogs minimizes hypoglycemia and increases
ﬂexibility [71]. It is important to appreciate that even though studies have
not been performed, rapid-acting analogs (lispro or aspart) should
theoretically be more eﬀective and safer as correction dose insulin than
regular insulin. This is because their more rapid onset and shorter duration
of action makes them more predictable. By the same token, it is our opinion
that, although using a pure basal insulin (eg, insulin glargine) to treat acute
hyperglycemia will result in failure, glargine does provide a much more
predictable basal delivery of insulin compared with neutral protamine
Hagedorn or ultralente insulin.
Appendix 1 presents a sample SC order form that was developed and
implemented at the University of Washington Medical Center to improve
safety and eﬃcacy of SC insulin [67]. Compared with the IV insulin infusion
protocols, there is much less experience with these SC protocols. However,
our protocol has resulted in several advantages, including some that were
unexpected (Appendix 2). First, like all hospital protocols, having a uniform
SC insulin algorithm results in standardization of therapy. Any problems
can be rectiﬁed and there can be immediate quality improvements in the
entire hospital system. Second, the protocol is designed to improve glucose
control to better match the new guidelines [9]. Third, and perhaps most
importantly, an SC insulin protocol that diﬀerentiates basal insulin
replacement, prandial insulin replacement, and correction dose insulin can
educate both younger and older physicians in current strategies for insulin
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use [71]. This last beneﬁt was unexpected. Over the years there have been
numerous attempts to better educate physicians about both the basics and
the subtleties of insulin therapy, but surveys have reported that physicians
do not have a good understanding of how to best use insulin, especially in
the United States [72,73]. By using an SC protocol for hospitalized patients
on a daily basis, physicians learn how to adjust insulin appropriately,
including the best use of correction dose insulin. We believe that in relatively
short amounts of time, medical and surgical residents of all specialties could
become quite knowledgeable about the use of SC insulin by simply working
with the protocol for their hospitalized patients. Only prospective trials will
be able to conﬁrm these beliefs.

Summary
The evidence continues to strengthen our understanding that improved
glycemic control with the use of insulin therapy may signiﬁcantly improve
morbidity and mortality in hospitalized patients with hyperglycemia, with or
without a previous diagnosis of diabetes. However, many questions remain
concerning the impact and relative contributions of blood glucose and
insulin per se. Nevertheless, the publication of numerous and consistent
studies have made it clear that the topic of glycemic management in the
hospital requires a larger priority among clinicians caring for these patients.
The recently published guidelines by the American Association of Clinical Endocrinologists are the ﬁrst formal recommendations on this topic [9],
but national guidelines for blood glucose levels cannot take into account all
of the diﬀerent challenges facing diﬀerent hospitals. This suggests that each
institution will require individualization of protocols even though the
ultimate metabolic goals are identical. Furthermore, it is not realistic to
expect those unfamiliar with diabetes therapy to appreciate all of the nuances
and vagaries of insulin treatment. Like any medical treatment, a signiﬁcant
amount of time will need to be invested by the providers involved with the
care of these patients before a mastery of the therapy can be achieved.
Nevertheless, because the rewards to our patients can be signiﬁcant, we need
to strive to improve the systems where we work. Individual clinicians with
vast experience in diabetes care cannot be successful for the inpatient with
diabetes unless the hospital has systems in place to eﬀectively and eﬃciently
facilitate the management of the metabolic needs of this population.
The main challenge now is the safe and eﬀective implementation of these
guidelines in both small and large hospitals given the limited level of resources available in today’s medical environment. Therefore, our single most
important recommendation is to ensure that all clinicians involved in the
management of these patients are in agreement about general philosophies of
diabetes management. We would recommend that there are ‘‘champions’’ for
each discipline: endocrinology, cardiology, anesthesiology, surgery, nursing,
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and pharmacy, all of which have developed hospital-speciﬁc guidelines for
glycemic management. These recommendations can be slowly adapted, one
unit at a time, until the entire hospital has transitioned to a more ‘‘diabetesfriendly’’ environment. The ultimate goal of well-controlled glycemia with
minimal hypoglycemia should be possible for most hospitals, and we hope
this review will assist clinicians in achieving this objective.
We await additional outcome research with carefully controlled studies to
conﬁrm the value of these recommendations at diﬀerent levels of glycemic
control. We believe that we can already state with conﬁdence that the
preliminary evidence shows that, like outpatient diabetes management,
metabolic control matters during acute illness.

Appendix 1. Example of a standardized intravenous insulin infusion
General guidelines
 Goal blood glucose level: usually 80 to 180 mg/dL (80 to 110 mg/dL for
the ICU)
 Standard drip: 100 U/100 mL 0.9% NaCl by way of an infusion device
(1 U/1 cc)
 Surgical patients who have received an oral diabetes medication within
24 hours should start when blood glucose level is above 120 mg/dL.
All other patients can start when blood glucose level is 70 mg/dL or
more
 Insulin infusions should be discontinued when a patient is eating and
has received ﬁrst dose of subcutaneous insulin
Intravenous ﬂuids
 Most patients will need 5 to 10 g of glucose per hour
 D5W or D5W1/2NS at 100 to 200 mL per hour or equivalent (total
parenteral nutrition, enteral feeds, and so forth)
Initiating the infusion
 Algorithm 1: start here for most patients.
 Algorithm 2: for patients not controlled with algorithm 1, or start here if
status post (s/p) CABG, s/p solid organ transplant or islet cell
transplant, receiving glucocorticoids, or patient with diabetes receiving
more than 80 U/d of insulin as an outpatient
 Algorithm 3: for patients not controlled with algorithm 2; no patients
start here without authorization from the endocrine service
 Algorithm 4: for patients not controlled with algorithm 3; no patients
start here
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Patients not controlled with the above algorithms require an endocrine
consult.

Algorithm 1
BG
\ 70
70–109
110–119
120–149
150–179
180–209
210–239
240–269
270–299
300–329
330–359
[ 360

Algorithm 2

Units/hour BG
Oﬀ
0.2
0.5
1
1.5
2
2
3
3
4
4
6

Algorithm 3

Units/hour BG

\ 70
Oﬀ
70–109 0.5
110–119 1
120–149 1.5
150–179 2
180–209 3
210–239 4
240–269 5
270–299 6
300–329 7
330–359 8
[ 360
12

\ 70
70–109
110–119
120–149
150–179
180–209
210–239
240–269
270–299
300–329
330–359
[ 360

Algorithm 4

Units/hour BG
Oﬀ
1
2
3
4
5
6
8
10
12
14
16

\ 70
70–109
110–119
120–149
150–179
180–209
210–239
240–269
270–299
300–329
[ 330
—

Units/hour
Oﬀ
1.5
3
5
7
9
12
16
20
24
28
—

\ 60 = hypoglycemia (see below for treatment).
Abbreviation: BG, blood glucose.

Moving from algorithm to algorithm
 Moving up: an algorithm failure is deﬁned as a blood glucose level
outside the goal range (see above goal), and the blood glucose does not
change by at least 60 mg/dL within 1 hour
 Moving down: when blood glucose level is less than 70 mg/dL  2
Patient monitoring
 Goal blood glucose level: 80 to 180 mg/dL
 Check capillary blood glucose level every hour until it is within goal
range for 4 hours, then decrease to every 2 hours for 4 hours; if it
remains stable, decrease to every 4 hours
 Hourly monitoring may be indicated for critically ill patients even if they
have stable blood glucose
Treatment of hypoglycemia (blood glucose level \ 60 mg/dL)
 Discontinue insulin drip AND
 Give D50W IV (patient awake, 25 mL [1/2 amp]; patient not awake, 50
mL [1 amp])
 Recheck blood glucose level every 20 minutes and repeat 25 mL of
D50W IV if it is below 60 mg/dL; restart drip once blood glucose is
above 70 mg/dL  2 checks; restart drip with lower algorithm (see
Moving Down)
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When to notify the physician
 If there is any blood glucose change greater than 100 mg/dL in 1 hour
 If blood glucose level is above 360 mg/dL
 For hypoglycemia that has not resolved within 20 minutes of
administering 50 mL of D50W IV and discontinuing the insulin drip
Adapted from Trence DL, Kelly JL, Hirsch IB. The rationale and management of hyperglycemia for in-patients with cardiovascular disease: time for change. J Clin Endocrinol
Metab 2003;88:2430–7; with permission.

Appendix 2. Example of standardized subcutaneous insulin orders
Blood glucose monitoring
 Before meals and at bedtime
 _______ hours after meals
 2:00 to 3:00 AM

Insulin
orders
Prandial

Basal

Breakfast

Lunch

Dinner

Bedtime

Give____units of:
Lispro
Aspart
Regular
Give____units of:
NPH
Lente
Ultralente
Glargine

Give____units of:
Lispro
Aspart
Regular
—

Give____units of:
Lispro
Aspart
Regular
Give____units of:
NPH
Lente
Ultralente
Glargine

—

Give____units of:
NPH
Lente
Ultralente
Glargine

Goal premeal blood glucose: 80–150 mg/dL.

Suggested lag times for prandial insulin:
 Aspart/Lispro: 0 to 15 minutes before eating
 Regular: 30 minutes before eating
If blood glucose is \ 60 mg/dL:
A. If patient can take orally, give 15 g of fast-acting carbohydrate
(4-oz fruit juice/nondiet soda, 8-oz nonfat milk, or 3 to 4 glucose
tablets)
B. If patient cannot take orally, give 25 mL of D50 as IV push
C. Check ﬁnger capillary glucose every 15 minutes and repeat above if
blood glucose is \ 80 mg/dL
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Premeal ‘‘correction dose’’ algorithm for hyperglycemia to be administered in addition to scheduled insulin dose to correct premeal hyperglycemia.
 Lispro
 Aspart
Algorithm
a

Low-dose

Medium-doseb

High-dosec

Individualized

Premeal BG

Additional insulin (units)

150–199
200–249
250–299
300–349
[ 349
150–199
200–249
250–299
300–349
[ 349
150–199
200–249
250–299
300–349
[ 349
150–199
200–249
250–299
300–349
[ 349

1
2
3
4
5
1
3
5
7
8
2
4
7
10
12

Abbreviation: BG, blood glucose.
a
For patients requiring  40 U of insulin per day.
b
For patients requiring 40–80 U of insulin per day.
c
For patients requiring [ 80 U of insulin per day.

General insulin dosing recommendations
Patients with type 1 diabetes
This patient must have insulin to prevent ketosis. Even if the patient is
not eating, he/she will need at least basal insulin (NPH/lente/ultralente/
glargine) to prevent ketosis.
1. When admitting a patient with type 1 diabetes, continue the basal insulin
that the patient was taking at home at the same dose. If the patient will not
be eating, use an insulin drip rather than subcutaneous insulin. The
prandial insulin (regular/lispro/aspart) may require adjustment depending on the patient’s situation. If the patient is eating much less, the prandial
insulin will need to be reduced. Many hospitalized patients are under
signiﬁcant metabolic stress (infection, glucocorticoids, and so forth) and
may require larger doses of prandial insulin despite eating less.
2. If a patient is newly diagnosed, the usual daily insulin requirement is 0.5
to 0.7 U/kg/d. Half should be given as basal insulin and the remainder
as prandial insulin.
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Patients with type 2 diabetes
1. If patient is using insulin at home, continue the outpatient regimen and
adjust as needed.
2. If patient has not been using insulin previously, the usual total daily
insulin requirement is 0.4 to 1.0 U/kg/d.
3. Individual insulin doses vary widely and adjustments should be made
based on the bedside and laboratory glucose levels.
Note: Individual insulin doses vary widely, and adjustments should be
based on bedside and laboratory glucose levels.
Adapted from Trence DL, Kelly JL, Hirsch IB. The rationale and management of hyperglycemia for in-patients with cardiovascular disease: time for change. J Clin Endocrinol
Metab 2003;88:2430–87; with permission.
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