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Preface

During the 1990s, diabetes mellitus emerged as an international health crisis.
Much of the attention has focused on type 2 diabetes, reflecting the skyrocketing
incidence of obesity and associated illness around the world. Many oral therapies
are available for type 2 diabetes, and practicing physicians are generally knowl
edgeable about their use. However, given the progressive nature of type 2 diabe
tes, more than one oral antidiabetic agent is often required, and combination
oral therapy is now considered the standard of care for most patients. Continued
progression of the disease causes oral therapy to eventually fail in many patients,
requiring exogenous insulin either as monotherapy or in combination with oral
agents. Thus, when glycemic control is not achievable in the type 2 diabetic
patient as determined by failure to achieve the target HbA ,c level with traditional
oral therapies, it is appropriate to consider insulin.

Insulin therapy has undergone major changes over the last few years. Insu
lin analogs (often referred to as designer insulins) are now available that closely
approximatc thc dclivcry of insulin from a hcalthy pancreas. Injcction cquipmcnt
is easy to use, and for most patients injections are painless. Further, in a few
years we will likely have inhaled insulin or some other noninvasive approach
for insulin delivery. However, these advances have not been easily integrated
into clinical practice. Insulin therapy of both type I and type 2 diabetes remains
a difficult, frustrating experience for physicians and patients, reflecting most pa
tients' wish to avoid self-injection therapy, plus the concerns of many physicians
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iv Preface

about hypoglycemia, weight gain, or worsening cardiovascular risk. Contributing
to this is a dearth of educational material regarding insulin therapy; many caregiv
ers do not feel knowledgeable about how to use insulin optimally.

The current volume is intended to be a comprehensive, up-to-date, clini
cally based resource for practicing providers and those in training regarding insu
lin therapy. Contributors were charged to use a "how to" format, but also to
include physiological and pharmacological concept~ to make understandable the
design and troubleshooting of inpatient and outpatient insulin programs.

The book is divided into three sections. Part I (Chapters 1-6) provides a
general background: a rationale for optimal glycemia control in diabetes and
standards of care, injection and glucose-monitoring equipment, dietary practices,
physiology of insulin secretion and blood glucose regulation, and pharmacokinet
ics of the available insulin preparations. Part II (Chapters 7-12) applies these
principles to specific patient populations: those with type 1 and type 2 diabetes,
children, inpatients, pregnant women, and patients experiencing hyperglycemic
emergencies. Part III (Chapters 13-15) addresses prevention and therapy of hypo
glycemia, insulin pumps, and noninvasive approaches for insulin delivery.

There is one style issue. The term "analog" is used throughout the text:
prior medical literature mostly used "analogue," but this alternative spelJing is
now increasingly used.

We would like to thank the many contributors to this volume. Without their
diligence, patience, and humor, this project would have remained simply a fantasy
of the editors.

Jack L. Leahy
William T. Cefalu
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1

Rationale for and Strategies to Achieve
Glycemic Control

William T. Cefalu
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

The prevalence of diabetes is increasing in epidemic proportions on a worldwide
basis. In the United States alone, it has been estimated that there are approxi
mately 16 million patients with diabetes, representing about 6% of the population.
In addition, an estimated 5.4 million people are undiagnosed. On a more alarming
note, it has been estimated that approximately 20 million people have impaired
glucose tolerance, a clinical state felt to be representative of pre-diabetes. The
projected increase in new cases of diabetes is also expected to increase the preva
lence of complications associated with the disease, i.e., retinopathy, neuropathy,
nephropathy, and cardiovascular disease. In addition to the morbidity and mortal
ity resulting from these complications, the financial cost is staggering. It has been
estimated that the total cost to care for diabetes and its related complications in
the United States alone was over $98 billion for the year 1997. Thus, the current
and evolving emphasis in diabetes management is to 1) evaluate strategies for
the prevention of the disease and 2) implement clinical treatment regimens, as
outlined in subsequent chapters, with the goal of reducing or delaying the progres
sion of these devastating complications.

1
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2 Cefalu

There have been significant advances in the understanding of the etiology
and pathogenesis of both type I and type 2 diabetes. Whereas type I diabetes
has been established to be an autoimmune process associated with pancreatic
destruction, resulting in an absolute insulin-deficient state, type 2 diabetes is asso
ciated with insulin resistance, increased hepatic glucose production, and, in all
cases, a "relative" deficiency of insulin. As such, despite laboratory studies sug
gesting a normal or elevated insulin level in subjects with type 2 diabetes com
pared with nondiabetic subjects, the insulin level is not sufficient to completely
compensate for the increased insulin resistance of the peripheral tissues-i.e.,
muscle and fat-required to maintain glycemia. The failure of adequate insulin
secretory compensation ultimately results in hyperglycemia and the diagnosis of
type 2 diabetes.

Despite differences in the etiology of type I and type 2 diabetes, the com
mon biochemical manifestation is hyperglycemia. Chronic hyperglycemia is con
sidered a major factor in the development of microvascular complications in both
type I and type 2 diabetes and contributes greatly to the pathogenesis of macro
vascular disease. As such, diabetes remains a major cause of premature death
and disability in the United States: It remains the leading cause of new cases of
blindness in adults, and it is responsible for over 50% of nontraumatic lower
extremity amputations and approximately 50% of new cases of end-stage renal
disease. It has also been established that the presence of diabetes causes a two
to fourfold increase in cardiovascular risk. Because of the accelerated cardiovas
cular risk, the most recent National Cholesterol Education Program (NCEP)
guidelines suggest that diabetes represents a "risk equivalent" for cardiovascular
disease and warrants treatment to lipid goals comparable to that for patients with
pre-existing cardiovascular disease. It is hard to imagine that at one time the
contribution of hyperglycemia to development of these complications was ques
tioned. Yet the studies reported over the past 10 years leave little doubt that
hyperglycemia is indeed a major causative factor in the development of complica
tions. The precise mechanism(s) by which chronic hyperglycemia promotes tissue
complications, however, is still an area of great debate and research interest.

ROLE OF HYPERGLYCEMIA IN THE DEVELOPMENT OF
COMPLICATIONS: EVIDENCE TO DATE

Clinical evidence supporting glycemic control as a primaty goal of management
exists for both type 1 and type 2 diabetes (Table I). The landmark study, the
Diabetes Control and Complications Trial (DCCT), was reported in 1993. This
trial evaluated a total of 1441 subjects with type I diabetes and included 726
subjects with no retinopathy at baseline (primary-prevention cohort) and 715 with
mild retinopathy (secondaty-intervention cohort). The subjects were randomly
assigned to intensive treatment (administered either with an external insulin pump
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Glycemic Control-Rationale and Strategies

TABLE 1 Clinical Evidence for Benefits of Glycemic Control

Study (subject type)

3

DCCT Kumamoto UKPDS SDIS
(type 1) (type 2) (type 2) (type 1)

Retinopathy 63% 69% 17-21% 63 vs. 33%b
Nephropathy 54% 70% 24-33% 26 vs. 7b

Neuropathy 60% 32 vs. 14b

Macrovascular Dx 41%a 16%a
HbA1c':'. 9-7% 9-7% 8-7% 9.5-7.2%

• Not statistically significant.
b Compared with standard treatment.

or by three or more insulin injections) or to conventional therapy (one or two
daily insulin injections). The subjects were followed for a mean of 6.5 years,
and the appearance and progression of retinopathy and other complications were
assessed regularly. The trial demonstrated conclusively that control of clinical
hyperglycemia, as evidenced by a reduction in HbA,c> reduced retinopathy by
75%, nephropathy by 54%, and neuropathy by 60%. There was also a 41 % reduc
tion in macrovascular disease, but this was not statistically significant because
of the low number of events.

The Stockholm Diabetes Intervention Study (SDIS) also evaluated the ben
efit of glycemic control in type I subjects. In this trial, 43 subjects were random
ized to intensified conventional treatment (lCT) and 48 subjects randomized to
standard treatment (ST). Subjects were followed for 10 years while vascular com
plications, treatment side effects, well-being, and risk factors for complications
were studied. HbA]c (normal range 3.9-5.7%) was reduced from 9.5 ::':: 1.4%
(mean::':: SD) in the ICT group and 9.4 ::':: 1.2% in the ST group to a mean (during
10 years) to 7.2 ::':: 0.6% and 8.3 ::':: 1.0%, respectively (p < 0.001). Serious
retinopathy (63 vs. 33%; p = 0.003), nephropathy (26 vs. 7%; p = 0.012), and
symptoms of neuropathy (32 vs. 14%; p = 0.041) were more common in the ST
group after 10 years.

Several landmark studies have been reported for type 2 diabetic subjects.
The Kumamoto Study exanlined whether intensive glycenlic control could de
crease the frequency and severity of diabetic complications. This prospective
study of Japanese subjects with non-insulin-dependent diabetes (NIDDM) in
cluded 110 subjects with NIDDM who were randomly assigned to either the
multiple insulin injection treatment (MIT) group or the conventional insulin injec
tion treatment (CIT) group. Fifty-five subjects who showed no retinopathy and
urinary albumin excretions <30 mg124 hours at baseline were evaluated in the
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4 cetal1
primary prevention cohort, and the other 55 NIDDM subjects (who showed sim
pIe retinopathy and urinary albumin excretions <300 mg/24 hours) were evalu
ated in the secondary intervention cohort. The appearance and progression of
retinopathy, nephropathy, and neuropathy were evaluated every 6 months over
a 6-year period. A significant difference in glycemic control was demonstrated
between groups as assessed by a 2.3% difference in HbA Ie levels. The progression
in retinopathy and nephropathy after 6 years was significantly less for the MIT
group than for the CIT group, for both the primary and secondary intervention
cohorts. In neurological tests, the MIT group showed significant improvement
in the nerve conduction velocities, while the CIT group showed significant deteri
oration in the median nerve conduction velocities and vibration threshold. From
this study, a HbA le of <6.5% was indicated as the glycemic threshold to prevent
the onset and progression of diabetic microangiopathy.

The United Kingdom Prospective Diabetes Study (UKPDS) was a multicen
ter, randomized, controlled trial in over 4000 type 2 diabetic subjects conducted
between 1977 and 1997. Subjects were followed every 3 months for 3, 6, or 9
years. The study objectives were to determine whether intensive therapy of type
2 diabetic subjects reduces the risk for complications and to compare intensive
pharmacological therapy with conventional therapy. Subjects were first placed on
a low-fat, high-carbohydrate, high-fiber diet for 3 months and then randomized to
diet alone, insulin, sulfonylurea, or metformin. Over 10 years, HbA le was 7.0%
(6.2-8.2) in the intensive group versus 7.9% (6.9-8.8) in the conventional group
an 11 % reduction. There was no difference in HbA lc among agents in the intensive
group. Compared with the conventional group, the risk in the intensive group was
12% lower (95% CI 1-21; p = 0.029) for any diabetes-related endpoint, 10%
lower (-11 to 27; p = 0.34) for any diabetes-related death, and 6% lower (-10
to 20; p = 0.44) for all-cause mortality. Most of the risk reduction in the any
diabetes-related aggregate endpoint was due to a 25% risk reduction (7-40; p =

0.0099) in microvascular endpoints, including the need for retinal photocoagula
tion. There was no difference for any of the three aggregate endpoints between
the three intensive agents (chlorpropamide, glibenclamide, or insulin).

In addition, 753 overweight subjects were included in a randomized con
trolled trial comparing conventional policy, primarily with diet alone (n = 411),
with intensive blood glucose control policy with metformin, aiming for fasting
plasma glucose <6 mmol/L (n = 342). A secondary analysis compared the 342
subjects allocated metformin with 951 ovelweight subjects allocated intensive
blood glucose control with chlorpropamide (n = 265), glibenclamide (n = 277),
or insulin (n = 409). Median HbA le was 7.4% in the metformin group versus
8.0% in the conventional group. Subjects allocated metformin, compared with
the conventional group, had risk reductions of 32% (95% CI 13-47; p = 0.002)
for any diabetes-related endpoint, 42% for diabetes-related death (9-63; p
0.017), and 35% for all-cause mortality (9-55; p = 0.011).
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Glycemic Control-Rationale and Strategies

TABLE 2 Epidemiological Analysis of the UKPDS

Risk reduction
relative to
HbA,e (%)

-1 -1.5

5

Mortality
All causes
Related to diabetes

Events
Any diabetes-related endpoint
Microvascular disease
Amputation/death PVD
MI
CVA
CHF

Source: Stratton et aI., 2000.

14
21

21
37
43
14
12
16

17-21
24-33

32
56
65
21
18
24

Further analysis of the UKPDS suggests risk reduction for several end
points; Table 2 demonstrates the risk reduction relative to specific decreases in
HbA le •

The findings of the clinical trials demonstrate conclusively that intensive
therapy, by significantly improving clinical glycemia, reduces the risk of micro
vascular and neurological complications. It is also seen from these trials that
exogenous insulin therapy did not increase the risk of complications, in particular,
macrovascular disease. This concept is well demonstrated by the UKPDS results,
in which insulin therapy appeared to control glycemia as well as the pharmacolog
ical therapies, but there appeared to be no difference in macrovascular events
between those treated with insulin and those taking the other oral therapies. The
UKPDS study also suggested that type 2 diabetes, the most common form of the
disease, is indeed a progressive disease that will require additional therapies (i.e.,
combination oral therapies and/or addition of insulin) in order to control glycemia
over time.

Finally, clinical trials to date have also provided the data required to suggest
target levels for glycemic control, as assessed with the HbA Ie' Current ADA
guidelines suggest a target of <7%. However, in the epidemiologic data from
the UKPDS, there appears to be no lower threshold for HbA le levels for which
complications are not reduced (Figure I). A number of small cohort trials, preced
ing and during the large interventional trials, further corroborate the significance
of HbA lc elevations greater than 6.5%. These findings are also consistent with
a number of epidemiological studies implicating the association of hyperglycemia
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FIGURE 1 UKPDS epidemiological data demonstrating the role of HbA,c in
the hazard ratio for microvascular and macrovascular complications. (From
Stratton et aI., 2000.)

with the development of diabetic complications. A more recent study also pointed
to the observation that a lowered HbA Ie may be favorable for cardiovascular
events. This had been suggested by the EPIC-Norfolk Study, in which the relative
risk for cardiovascular disease was much less, with recorded HbA Ie levels of
<5%. Based on the evidence, a Consensus Conference of the American College
of Endocrinology was recently convened; this conference suggested that the pri
mary target for obtaining glycemic control should be <6.5%.

ASSESSMENT OF CLINICAL GLYCEMIC CONTROL

The clinical trials to date have objectively assessed glycemic control by measur
ing the glycated hemoglobin level, a readily available clinical test and a mainstay
for diabetes management for many years. This test relies on the nonenzymatic
attachment of glucose to amino groups on proteins; since this reaction is nonenzy
matic, the major factors contributing to the degree of protein "glycation," i.e.,
attachment of glucose to the protein, are the magnitude of the clinical hyperglyce-
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Glycemic Control-Rationale and Strategies 7

mia and the duration of exposure of the protein to clinical hyperglycemia. Numer
ous techniques are used in laboratories to assess glycated hemoglobin levels. The
"total glycated hemoglobin" is a measure of the percentage of glycation of all
hemoglobin species and traditionally has been assessed with an affinity chroma
tography technique. The most common assay, however, HbA I" has traditionally
employed ion-exchange methodology and specifically measures the glycation of
the major glycated hemoglobin species. It is important to recognize which test
is offered in your clinic, because a measure of total glycated hemoglobin would
be reported as a higher level than that of HbA le . Because the hemoglobin in the
red blood cell has a half-life of approximately 60-90 days, measurement of gly
cated hemoglobin gives an overall objective index of glycemic control for the
preceding 2-3 months.

Recently there has been interest in measuring glycation of other proteins,
primarily albumin, that have shorter circulating half-lives (days or weeks instead
of months). This would offer the clinician an objective measure of more recent
glycemic control. These tests, which are commercially available, are peIformed
by obtaining a plasma or serum fructosamine level. Assessment of serum fruc
tosamine will provide an objective index over the past 1-2 weeks. These tests
may be ideal in situations in which more frequent objective tests are needed,
such as in pregnancy. Research also suggests that glucose may nonenzymatically
attach to long-lived tissue protein, such as myelin in nerves and collagen in kid
neys and arteries. It has been postulated that the glucose attached to these proteins
may result in cross-linkage of proteins and lead to products referred to as ad
vanced glycated end-products, or AGE proteins. The presence of these AGE pro
teins on long-lived tissue proteins has been postulated to alter protein structure
and characteristics and therefore provide a mechanism by which hyperglycemia
may contribute to the development of diabetic complications.

Clinical glycemia can be described as consisting of two components: 1)
basal or fasting glucose levels, and 2) meal-related glycemic, or postprandial,
elevations (Figure 2). The fasting glucose level is influenced by hepatic glucose
production and hepatic sensitivity to insulin. Postprandial glucose levels are in
fluenced by: 1) the preprandial glucose level, 2) meal-related insulin secretion,
3) the glucose load from the meal, and 4) peripheral tissue sensitivity to insulin.
As demonstrated in Figure 2, the preprandial glucose is normally maintained in
a narrow range. However, in subjects with diabetes, in which alterations occur
in the factors controlling these parameters, both the fasting and postprandial lev
els are elevated. Thus, an elevated HbA Ie level in diabetic states is reflective
of contributions from the elevated fasting or preprandial glucose level and the
postprandial glycemic rise. This concept is very important on clinical grounds,
as it suggests that control of both fasting/preprandial and postprandial glucose
levels is required to normalize the HbA]e level.

Traditionally, it has been the targeting of preprandial levels that has
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FIGURE 2 (Top) Relative contributions of FPG and mealtime glucose excur
sions to 24-hour glycemic control. (From Riddle MC. Evening insulin strategy.
Diabetes Care 13:676-686, 1990.) (Bottom) 24-hour glucose profiles for repre
sentative patients at various levels of glycemic control.

guided changes in insulin therapy. However, recent observations suggest that
targeting postprandial levels may be an alternative clinical strategy. First, one
could argue that targeting postprandial glucose levels is important based on the
observations that postprandial glucose abnormalities are the earliest detectable
glycemic change in diabetes. Second, it is postulated that postprandial glucose
levels may correlate better to the HbA Ie level; supporting this concept are studies
in outpatient trials demonstrating that targeting treatment to control postprandial,
as compared with preprandial, glucose levels in outpatient trials results in a more
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Glycemic Control-Rationale and Strategies 9

significant drop in HbA lc . Third, evidence is mounting on the importance of
postprandial glucose in the development of complications, particularly vascular
complications. Specifically, the importance of postprandial glucose levels was
demonstrated in the Honolulu Heart Study, which suggested that a significant
increase in both fatal and total coronary heart disease was observed with increas
ing postprandial glucose. However, the most convincing data on postprandial
glucose and cardiovascular disease have been compiled in the Diabetes Epide
miology: Collaborative Analysis of Diagnostic Criteria in Europe (DECODE)
study. This study involved 13 centers in Europe and 25,364 patients with un
known glucose tolerance at baseline. Included were 13 studies of men (132,785
patient-years) and six studies of women (48,900 patient-years). The average
follow-up was 10 years, with a median follow-up of 7.3 years. This study
showed a highly significant increase in the hazard ratio for death in those with
increased postprandial glucose >200 mg/dl (Figure 3) and strongly supports
the concept of postprandial glycemia as an important marker of cardiovascular
disease.

The emergence of postprandial glycemia as a contributor to diabetic com
plications provides an additional clinical target, as it is understood that both the
fasting/preprandiaJ glucose and postprandial glycemic excursion contribute to
the HbA lc level. Figure IB outlines four 24-hour glucose profiles representing
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FIGURE 3 Hazard ratios (95% Cl) for death according to the fasting glucose
and 2-hour glucose in individuals not known as diabetic. (From DECODE,
1999.)
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10 Cefalu

"nonnal" and various levels of glycemic control. As demonstrated, profi Ie A
represents glucose levels for a nondiabetic individual with control of both pre
and postprandial excursions; one could suggest an approximate HbA Ie of 5% for
this individual based on the lowered glycemic profile. In contrast is a patient
with uncontrolled hyperglycemia, as represented by profile 0, with both elevated
fasting and preprandial glucose levels, along with postprandial glycemic excur
sions. This profile may be representative of a patient with an HbA le of approxi
mately 10.5%. With improved control and improvement in both pre- and post
prandial glucose levels, 24-hour glucose may be further improved, resulting in
an HbA le of approximately 7.8%, as suggested by profile C. This represents a
very common clinical profile in that preprandial glucoses are controlled, yet the
HbA Ie is still not at target. This is a situation in which checking postprandial
glycemia may be indicated, and adjusting therapy as needed to control these
postprandial spikes. By improving postprandial hyperglycemia in the patient rep
resented by profile C, a further reduction in HbA Ie can be obtained, as outlined
in the patient profile labeled B.

In summary, there is now definitive clinical evidence that hyperglycemia
is related to the progression and development of diabetic complications. Although
several mechanisms have been postulated, the precise mechanism(s) by whiChl
hyperglycemia contributes is not specifically known. Based on the clinical trials

l
to date, we now have defined clinical goals for which to target levels of glycemic
control. Further evolving concepts in the management of diabetes would sugges~1

that understanding postprandial control may benefit our patients greatly by im
proving HbA Ie and possibly by improving cardiovascular outcomes. However,
the latter observation has not been clinically tested in prospective intervention
trials.
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Goals of Treatment

Nathaniel G. Clark
American Diabetes Association, Alexandria, Virginia

INTRODUCTION

The aim of this chapter is to describe the current treatment guidelines and goals of
therapy for patients with diabetes mellitus as outlined by the American Diabetes
Association (ADA) 0-3; Table 1). Each year the ADA publishes "Clinical Prac
tice Recommendations," which are standards that have been shown to minimize
the risk of both short-tenn (i.e., hypoglycemia) and long-tenn complications of
diabetes. Such standards also allow objective assessment of the care provided by
practitioners in managing patients with diabetes.

Over the past few years, the federal government has indicated great interest
in improving diabetes care in the United States. The Diabetes Quality Improve
ment Project (DQIP), a collaborative effort of many groups involved with diabe
tes care, resulted in the development of a set of diabetes-specific performance
and outcome measures-the first nationwide peJfonnance measures widely
adopted by the health-care community. The National Committee for Quality As
surance (NCQA) included the DQIP measures in HEDIS 2000 (Health Employ
ment Data Information Set), its evaluation program for accrediting health-care
plans. In addition, the Heath Care Financing Administration (HCFA) now re
quires all health plans contracting with Medicare to report their DQIP data.

13
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TABLE 1 American Diabetes Association Standards of Care

Clark

Measure

Diagnosis of diabetes
Fasting blood glucose (FBG)
Casual (random) BG
2-hour OGTT value

Blood glucose goals
Preprandial
Bedtime

Hemoglobin A'e
Lipids

LDL
HDL

Triglycerides
Blood pressure

Urinary microalbumin/creatinine
ratio

Dilated eye exam
Aspirin
Foot exam

Smoking

Immunizations
Influenza
Pneumococcal

Standard

>126 mg/dl
>200 mg/dl (with symptoms)
>200 mg/dl

80-120 mg/dl
100-140 mg/dl
<7.0%

<100 mg/dl (children: <110 mg/dl)
>45 mg/dl (men), >55 mg/dl

(women)
<200 mg/dl
<130/80 (children: <90th percentile

for age)
<30 mg/g creatinine

Yearly
Encouraged unless contraindicated
Each visit (high-risk patients); yearly

complete exam in all patients
Document status, encourage ces

sation

Yearly
Once. Revaccination of those >64

years of age (see text)

DIAGNOSTIC CRITERIA FOR DIABETES

In 1997, in collaboration with the World Health Organization, the ADA revised
the guidelines for the diagnosis of diabetes mellitus into three criteria. If any
single criterion is met, the diagnosis of diabetes is made.

1. The presence of the typical symptoms of ongoing hyperglycemja such
as polyuria, polydipsia, and weight loss and a casual (random) plasma
glucose concentration ;::::200 mg/dl (11.1 mmol/L) or

2. A fasting plasma glucose;:::: 126 mg/dl (7.0 mmol/L). Fasting is defined
as no caloric intake for at least 8 hours prior to the test or

3. A blood glucose level ;::::200 mg/dl (11.1 mmol/L) at the 2-hour point
of a 75-g oral glucose tolerance test (OGTT).
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It is recommended that these criteria be confirmed by repeat testing on a different
day before the diagnosis is firmly established.

Defining blood glucose levels for the diagnosis of diabetes also provided
an opportunity to define blood glucose levels that, while not consistent with dia
betes, did not fall within the normal range. Impaired fasting glucose (IFG) is
defined as 110 to 125 mg/dl (6.1-7.0 mmol/L) and impaired glucose tolerance
(IGT) is a 2-hour value on the OGTTof 140 to 199 mg/dl (7.8-11.1 mmol/L).

Comment: The need to obtain a confirmatory positive test on a different
day needs to be considered in the context of the individual patient. A fasting
blood glucose (FBG) of 135 mg/dl (7.5 mmol/L) in the absence of any symptoms
of hyperglycemia warrants repeating, whereas an FBG of 300 mg/dJ (27.7 mmol/
L) in the setting of polyuria, polydipsia, and weight loss clearly indicates clinical
diabetes and need not be repeated prior to beginning treatment. The hemoglobin
A Ie (HbA Ie) was not recommended as a diagnostic test for diabetes because it is
not rigorously standardized around the world and the normal range can vary based
on the assay used. Nonetheless, while a normal HbA ,c does not rule out diabetes,
an elevated value is highly significant and supports the diagnosis of diabetes or
at least indicates a need for further testing.

GLYCEMIC CONTROL

Blood Glucose

The average preprandial blood glucose level should be 80-120 mg/dl (4.4-6.7
mmol/L). Action, i.e., changing the treatment plan, would be appropriate if this
value were consistently below 80 mg/dl (4.4 mmollL) or more than 140 mg/dl
(7.8 mmollL). It is recommended that the average bedtime glucose level be 100
140 mg/dl (5.6-7.8 mmollL). Action is suggested if this value is consistently
less than 100 or more than 160 mg/dl (8.8 mmol/L).

Hemoglobin A'e (HbA'e)

Although blood glucose levels obtained by self-monitoring using a blood glucose
meter are extremely important in the day-to-day management of diabetes, hemo
globin A Ie is accepted as the best measure of overall blood glucose control. This
test has been used in all the major research studies that examined the relationship
between glycemic control and complications. HbA Ie provides a measure of aver
age blood glucose level over the preceding 2-3 months (Table 2).

It is recommended that HbA 1e be checked every 6 months in patients who
are currently achieving blood glucose treatment goals and if the therapeutic regi
men is stable. More frequent monitoring is recommended in those individuals
who do not meet these criteria. For the majority of patients, checking HbA Ie

every 3 months would be prudent. In most laboratories in the United States, the
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TABLE 2 Relationship Between Hemoglobin
A'e (HbA,cl and Mean Blood Glucose Level

Mean blood glucose
level (mg/dl)

Clark

5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0

90
120
150
180
210
240
300
330

normal range for individuals who do not have diabetes is approximately 4-6%.
The goal for patients with diabetes is an HbA ,e level less than 7%, with action
suggested if the value is more than 8%.

Comment: The standards for HbA,e and blood glucose levels are the same
for patients with type 1 and type 2 diabetes. It is well known, however, that the
risk of hypoglycemia that accompanies very tight blood glucose control is much
greater in patients with type 1 than in those with type 2 diabetes. With this in
mind, the standards need to be individualized for each patient. A prior history
of significant hypoglycemia is an important factor in setting the goal for blood
glucose control. In addition, the goal should be achievable to prevent patient
discouragement. A reduction of HbA Ie from 10 to 8% is very significant clinically
and should be positively reinforced even though the stated goal of less than 7%
has not yet been achieved.

LIPID CONTROL

The ADA has defined "low-risk" « 100 mg/dl, 2.60 mmol/L), "borderline"
(100-129 mg/dl, 2.60-3.35 mmol/L), and "high-risk" (2:130 mg/dl, 2:3.38
mmol/L) LDL levels for adults. The goal for LDL in adults with diabetes is less
than 100 mg/dl «2.60 mmol/L). Similarly, levels of risk have been defined for
HDL cholesterol. In men, "high-risk" is less than 35 mg/dl «0.90 mmol/L),
"borderline risk" 35-45 mg/dl (0.90-1.15 mmoIlL), and' 'low-risk" more than
45 mg/dl (> 1.15 mmol/L). For women, these values are increased by 10 mg/
dl. The HDL goal is more than 45 mg/dl (> 1.15 mmol/L) for men with diabetes
and more than 55 mg/dl (> lAO mmol/L) for women. In regard to plasma triglyc
erides, "high-risk" is greater than or equal to 400 mg/dl (2:4.50 mmol/L), "bor
derline risk" 200-399 mg/dl (2.30-4.50 mmol/L), and "low-risk" less than 200
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mg/dl «2.30 mmol/L). The goal for triglycerides in individuals with diabetes
is less than 200 mg/dl «2.30 mmol/L).

In children with risk factors for cardiovascular disease (e.g., diabetes), the
goal for total cholesterol is less than 170 (4.4 mmol/L) and for LDL less than
110 mg/dl «2.80 mmol/L). There are no stated guidelines for HDL or triglycer
ides in this population (4).

Comment: Recently published guidelines from the National Cholesterol Ed
ucation Program (NCEP) state that the goal for LDL should be based on the
patient's prior history of a significant cardiovascular event or the presence of
defined risk factors for coronary disease (5). Previously, diabetes was simply
considered a risk factor with the same relative weight as such other factors as
family history of heart disease, smoking, hypertension, and gender. Recent stud
ies have suggested that having diabetes confers a risk of cardiovascular disease
equal to that of having had a previous cardiovascular event (6). In the 2001 NCEP
guidelines, diabetes is considered a "CHD risk equivalent," and the LDL goal
when diabetes is present is less than 100 mg/dl.

BLOOD-PRESSURE CONTROL

Hypertension should be treated aggressively in patients with diabetes. The goal
for blood pressure is less than 130/80 in adults and below the 90th percentile
for age in children. In the patient with diabetes, angiotensin-converting enzyme
(ACE) inillbitors are the first choice for treatment of hypertension.

Comment: Hypertension is a significant risk factor for many of the compli
cations of diabetes, playing a role in the development of retinopathy, nephropa
thy, and cardiovascular disease. Because cardiovascular disease is the most sig
nificant contributor to the morbidity and mortality in patients with type 2 diabetes,
aggressive regulation of blood pressure is advised. A recent clinical advisory
from the National High Blood Pressure Education program (7) indicates that the
coexistence of diabetes and hypertension warrants a lower blood pressure goal
(135/80) than for the patient with hypertension who does not have diabetes (140/
90). ACE inhibitors, and perhaps angiotensin-receptor blockers, offer many ad
vantages in the treatment of hypertension in the patient with diabetes. There is
evolving research examining the role of these agents in vascular reactivity, endo
thelial function, and fibrinolysis that may underlie the recent exciting observation
from the MICRO-HOPE study of a protective role for ACE inhibitors against
cardiovascular disease in persons with diabetes (8).

SCREENING FOR NEPHROPATHY

A spot urine sample should be analyzed for albumin and creatinine and an albu
min: creatinine ratio calculated on a yearly basis, beginning at diagnosis in those
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with type 2 diabetes and after 5 years of diabetes in those with type 1. A ratio
ofless than 30 mg albumin/g creatinine is considered normal. Microalbuminuria
is 30-300 mg/g creatinine; more than 300 mg/g is considered macroalbuminuria.
As there are many causes of transient proteinuria, including exercise, fever, and
urinary-tract infections, it is suggested that this test be performed on three sepa
rate occasions (with two of the three positive) before the patient is considered
to have clinically significant albuminuria.

Using this test, patients who require aggressive treatment can be identified,
thereby minimizing the risk of progressive nephropathy. Factors important in the
reduction of risk for diabetic nephropathy include the control of blood glucose
and treatment of hypertension. As in hypertension, ACE inhibitors are the drugs
of choice in the treatment of albuminuria. For patients who cannot tolerate ACE
inhibitors, the September 20th, 200 I, issue of the New England Journal ofMedi
cine contained three papers showing the utility of angiotensin receptor blockers
in diabetic nephropathy (9-11).

Comment: When to begin screening children with type I diabetes is a con
troversial topic. Although previously it was felt that duration of diabetes prior
to puberty was not clinically significant, there is now increasing evidence that
the duration of diabetes should be considered regardless of pubertal status, and
it is recommended that all patients with type I diabetes be screened after 5 years
of disease.

SCREENING FOR RETINOPATHY

A yearly dilated fundoscopic examination is recommended, beginning at diagno
sis in patients with type 2 diabetes and after 3-5 years in those with type I
diabetes. It is recommended that this examination be done by an ophthalmologist
or optometrist who is knowledgeable and experienced in the diagnosis of diabetic
retinopathy.

Comment: When to begin screening children with type 1 diabetes is a con
troversial topic. Although previously it was felt that duration of diabetes prior
to puberty was not clinically significant, there is now increasing evidence that
the duration of diabetes should be considered regardless of pubertal status, and
the screening of all patients with type I after 3-5 years of diabetes is recom
mended.

Yearly screening allows the detection of diabetic retinopathy at its earliest
stages, permitting close follow-up and laser treatment, as appropriate. It also
allows other types of diabetes-associated eye disease to be identified, such as
cataracts, as well as common eye problems such as glaucoma. The availability
of laser therapy for diabetic retinopathy has made a significant difference in pre
serving eyesight. Moreover, the detection of eye disease early in the course, when
there is minimal to no functional disruption, offers the additional opportunity to
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motivate the patient to strive for optimal blood glucose and blood-pressure con
trol to hopefully prevent more serious retinopathy.

ASPIRII\I USE

Patients with diabetes have a markedly greater risk of developing cardiovascular
disease and its complications. It is therefore recommended that aspirin therapy
be considered for most adult patients who have diabetes. Specifically, it is sug
gested that aspirin be used as secondary prevention if there is evidence of large
vessel disease (history of myocardial infarction, vascular bypass procedure,
stroke, transient ischemic attack, peripheral vascular disease, claudication, or an
gina). In addition, aspirin should be considered in primary cardiovascular-risk
reduction in patients at increased risk for macrovascular disease; so practically
most experts recommend aspirin use in all adults with type 2 diabetes. Enteric
coated aspirin in doses from 81 to 325 mg per day are suggested.

FOOT CARE

Clinical assessment of the feet should be made on a regular basis to identify risk
of or existing foot problems. A yearly, complete foot examination, including
assessment of protective sensation (using a microfilament), foot anatomy and
biomechanics, vascular status, and skin integrity is suggested. Patients at high
risk for foot problems (established neuropathy, for example) should be examined
at every office visit.

SMOKING

Smoking should be actively discouraged, and all available methods for smoking
cessation employed.

INFLUENZA AND PNEUMOCOCCAL IMMUNIZATION

Yearly immunization against influenza is recommended in all patients with diabe
tes older than 6 months of age. Pneumococcal vaccine is also recommended be
cause patients with diabetes are considered at high risk for serious disease. A
one-time revaccination of patients above 64 years old is recollu11ended 5 years
after the initial vaccination.

SUMMARY

Substantial evidence exists that adherence to standards of care improves clinical
outcomes of patients with diabetes. However, much evidence also exists that care
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providers do poorly in consistently meeting these standards. The use of either J
formal flow sheet in the medical record or a computerized database that contains

a record of past diabetes care will maximize the likelihood that these standards

will be followed by the practitioner. These tools are becoming more widely avail

able and their use is strongly encouraged.
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Insulin Syringes, Pens, and Glucose
Monitoring Equipment and Techniques

Margaret Costello

Vermont Regional Diabetes Center, Fletcher Allen Health Care,
University of Vermont College of Medicine, Burlington, Vermont

DIABETES SELF-MANAGEMENT

Diabetes self-management education is performed by specially trained nurses,
dieticians, pharmacists, and others to provide patients the skills, knowledge, and
confidence to manage their own diabetes on a day-to-day basis through analysis
of their lifestyle practices and blood glucose patterns to make informed decisions
in their insulin doses or other therapy. Self-management education involves a
continuum of services ranging from the teaching of survival skills to a compre
hensive self-management program. Given the importance of self-management for
the attainment of optimal glycemic control, it is recommended that specially
trained licensed health-care professionals provide diabetes self-management edu
cation. Certified Diabetes Educators (CDEs) must accrue 1000 hours in direct
diabetes education and pass a certifying exam from the National Certification
Board for Diabetes Educators, with a recertifying exam every 5 years. Certifica
tion implies expertise in diabetes knowledge, skills, and the teaching of diabetes
education based on national standards.

21
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The steps in the educational process are:

1. Assessment of educational needs
2. Planning the teachjng-learning process
3. Implementation
4. Documentation of the areas covered and the patient's progress
5. Evaluation

Survival Skills

Instruction in survival skiJls should be given to aU patients with diabetes who
are unable to participate in a comprehensive self-management program. The fol
lowing areas should be covered, using information that is consistent with national
and regional standards of care:

• Disease basics
• Self-morutoring of blood glucose
• Exercise and activity
• Medication use
• Hypoglycemia
• Nutrition

Comprehensive Self-Management Program

A comprehensive self-management program is contained in the curriculum de
signed by the American Diabetes Association. There are 15 core educational
areas:

1. Diabetes overview
2. Stress and psychosocial adjustment
3. Farillly involvement and social support
4. Nutrition
5. Exercise and activity
6. Medications
7. Self-monitoring and use of results
8. Relationshjps among nutrition, exercise and activity, medication, and

blood glucose levels
9. Prevention, detection, and treatment of acute complications

10. Prevention, detection, and treatment of chronic complications
11. Foot, sbn, and dental care
12. Behavior-change strategies, goal setting, risk-factor reduction, and

problem-solving skills
13. Benefits, risks, and management options for improving glucose con

trol
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14. Use of health-care systems and community support resources
15. Preconception care, pregnancy, and gestational diabetes

II\1SULlI\I THERAPY

Patient Education

23

Many individuals are reluctant to initiate insulin therapy. Openly discussing
their concerns prior to technical training is of prime importance. In particular, a
common fear is that the injections will be painful or complex. Discussing up
front the convenience of modern injection systems, and injecting the patient
with saline to show the painlessness of the needle may be all that is needed to
gain his trust and acceptance. Common concerns and issues are discussed
below.

• Needle phobias are common at any age. Ask about previous injection expe
riences patients may have had, or observed. Inform the patient that-unlike
intramuscular (i.m.) injections, which are painful-subcutaneous (s.q.) in
sulin injections with today's syringes and pens are generally painless. Insu
lin doesn't sting (glargine occasionally causes minor local reactions be
cause of its acidic buffer), but using of alcohol for skin cleansing can sting
and is not necessary. Also, injection-assistance devices may help in extreme
cases (discussed later).

• There may be concerns that insulin therapy is the treatment of last resort,
and is permanent. Patients may view themselves as failures or struggle to
accept that they cannot avoid insulin or diabetes self-care any longer.

• Patients may have memories of family members or friends who suffered
complications or death that they associate with having started insulin. Their
own use of insulin may trigger fears that they will have a similar fate. It
is helpful to point out that insulin therapy is effective, relatively inexpen
sive, and generally well tolerated. Also, emphasize the patient's current
lack of optimal glycemic control and the risk of microvascular complica
tions that it creates, plus the ability to "fine-tune" insulin doses and regi
mens to exactly meet the patient's needs in order to maximize the benefits
and minirillze the difficulties.

• Many people fear that the inconvenience of carrying supplies and taking
the time to prepare and administer insulin will be a major barrier. Re
viewing with patients their lifestyle and schedule, and pointing out the rele
vant issues, will help them in choosing equipment and an insulin regimen
that meets their needs.

• Most patients (whether they admit it or not) will have some anxiety about
injecting themselves for the first time, which hinders them from thinking
about much else. Preparing a saline injection and having them self-inject
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as the first part of the teaching session can alleviate their anxiety, and allow
them to concentrate on the information that must be learned when begin
ning insulin therapy.

Patients should never be expected to self-teach injection technique at home.
Written literature and training tapes should be used only to complement, not
replace, individualized live instruction. Referral to a trained diabetes educator is
encouraged when first beginning insulin. If not possible, office staff should be
formally trained in the proper techniques of injection, mixing, and self-blood
glucose monitoring; current equipment; detection, prevention, and treatment of
hypoglycemia; sharps disposal; and insulin storage.

Patients already taking insulin who have an unexplained change in their
blood glucose values or difficulty in attaining stable glycemia should be asked
to demonstrate their syringe preparation and injection techniques, to describe
their insulin storage practices, and to show their injection sites. This often uncov
ers problems, especiaJly in self-taught or inadequately educated individuals and
the elderly.

Syringes

Gone are the days when patients boiled their glass syringes and needles, sharp
ened the needles with a whetstone, ran them through cotton to detect burrs, soaked
everything in alcohol, and finally gave painful intramuscular injections. Now a
variety of insulin-delivery systems exist that use disposable, wire-thin needles
that have been laser-sharpened and silicon-coated so that injections are usually
painless.

Today's disposable syringes come in multiple sizes (0.3 cc [doses up to
30 units], 0.5 cc [up to 50 units], and I cc [up to 100 units], needle thicknesses
(28 to 30 gauge), and needle lengths (5116" and 1/2"). Insulin in the United
States is standardized to a concentration of 100 units per cc (U100), with syringes
to match. However, some other parts of the world use other concentrations
(mostly U40). Occasionally, foreign visitors call local pharmacies, physicians,
or emergency departments because they have run out of insulin syringes. The
concentration of their insulin needs to be determined. U40 syringes are available
in the United States by special order, or UI00 insulin may need to be given along
with syringes. The 5116" needles are appropriate for children (unless obese) or,
as a rule, individuals with a body mass index < 27 kg/m2

• Use in larger individu
als can result in back-leakage and loss of insulin at injection sites, which can
cause erratic or elevated blood glucose levels. Useful practices: blood glucose
should be checked more frequently when changing syringes or needle lengths to
make sure there is no deterioration in glycemic control; patients should be cau
tioned to check markings when changing syringes to avoid medication errors; be
sure to order syringes that are large enough to hold increased or mixed doses.
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Reuse and Disposal

Although syringe manufacturers recommend one-time usage of syringes, reuse
is common and safe for most individuals if basic guidelines are followed. lmmu
nocompromised patients or those with open wounds, poor hygiene, or acute con
current illness should not reuse. It is generally recommended that syringes be
used no more than three or four times (occasionally patients report longer usage
without complaint or apparent problem), and that they be discarded if they come
in contact with anything but skin. Recap the needles until the next use. Don't
wipe the needle with alcohol; it results in a duller needle by removing the silicon
coating faster. Patients who mix insulins dull their needles more quickly because
of the puncturing of the rubber vial caps. Discuss needle reuse with your patients
so you know exactly what they are doing.

Discarded sharps should be contained in a puncture-free container. Check
with the local waste agency for specific instructions.

Insulin Pens

Insulin pens are multidose devices in which a small disposable needle is twisted
on and the dosage dialed in (Figure 1). Pens have been widely used in Europe
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FIGURE 1 Schematic representation of the basic parts of an insulin pen (pic
ture of a disposable pen taken from the product literature of Eli Lilly and Co.).
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TABLE 1 Insulin Pen Manufacturers and Products

Manufacturer Product

Becton, Dickinson B-D Pen
800-237-4554

B-D Pen mini

Disetronic Disetronic Pen
800-280-7801

Eli Lilly Humalog
800-545-5979 NPH

75% NPL/25%
Humalog

Cartridges

Novo Nordisk Innovo
800-727-6500

Novopen 3

Novopen 1.5

Novopen prefilled

Cartridges

Owen Mumford Autopen
800-421-6936

Comments

Uses any 1.5-cc cartridge-up to 30 units
in 1-unit increments

Uses any 1.5-cc cartridge-up to 15 units
in 'h-unit increments

Adaptor allows filling the reusable 3.15-cc
cartridge with any manufacturer's insulin

Disposable pens filled with 3 cc delivered
in 1-unit increments

1.5-cc cartridges of Humalog, Regular,
NPH, 70/30 for nondisposable pens from
other companies

Uses 3-cc cartridges; built-in memory with
last dosage and elapsed time since last
injection

Uses 3-cc cartridges-up to 70 units in 1
unit increments

Uses 1.5-cc cartridges-up to 40 units in 1
unit increments

Disposable pens of Regular, NPH, 70/30
filled with 1.5 cc delivered in 2-unit incre
ments

1.5-cc and 3-cc Regular, NPH, 70/30 car
tridges for nondisposable pens

Uses any 1.5- and 3-cc cartridge; four mod
els with different dosing range

Pen products available in the U.S. at the time this table was produced. Refer to manu
facturers for current products and specifications. Insulin aspart is not shown but should
soon be available from Novo Nordisk. Also, glargine from Aventis is available only in
vials but reportedly pen-based delivery is under development. Pen and cartridge vol
umes are based on Ul00 insulin (100 units per cc).

and other parts of the world for many years, and are rapidly gaining popularity
in the United States. The available pens in the United States are shown in Table 1.

Advantages

• Portable and self-contained, so no need to carry syringes and vials.
• Convenient. Takes less than 1 minute to prepare and easy to use, so ideal

for starting insulin.
• Accurate dosing. Especially helpful for the elderly or patients with de-
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creased dexterity or vision. Most pens have I-unit increments, but I/2-unit
increments (BD Pen Mini) and 2-unit increments also exist (Novo prefills).

• Discreet, so injections can be given in public unnoticed.
• Multiuse, with less waste.
• Reduced chance of dosage errors related to air bubbles.
• Often cheaper for patients who take small doses of insulin because the

smaller volume of pen cartridges or prefilled pens (150-300 units versus
bottles that contain 1000 units) means less wastage due to expiration of
the opened insulin before being used up.

• Smaller (31 gauge) and shorter (1/3'') needles are available than can be
found in syringes.

Disadvantages

• Insulin cannot be mixed in pens. However, many patients prefer to take
multiple pen shots at one time rather than mixing in a syringe.

• Some pens have a shorter recommended lifespan (Table 2) once they are
opened compared with vials of the same insulin, potentially resulting in
increased wastage and cost.

• Some insulins are not available in pen form. However, this can be circurn-

TABLE 2 Manufacturer's Recommended Expiration Times for Insulin
Pen Products

Days at room
temperature
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Unused products that are refrigerated can be utilized to the expiration date on the penl
packaging. Once opened or removed from refrigeration, the times listed above apply.
Room temperature is 59° to 86°F.

Pen product

Novolin Prefilled Pen 1.5 ml Regular
Novolin Prefilled Pen 1.5 ml NPH
Novolin Prefilled Pen 1.5 ml 70/30
Novo 3 cartridge-Regular
Novo 3 cartridge-NPH
Novo 3 cartridge-70/30
Novolog
Lilly Humulin cartridge 1.5 ml-Humalog
Lilly Humulin Prefilled Pen 3 ml-Humalog
Lilly Humulin Prefilled Pen 3 ml-NPH
Lilly Humulin Prefilled Pen 3 ml-75/25

Opened

28
7
7

28
14
10
28
28
28
14
10

Unopened

28
7
7

28
14
10
28
28
28
14
10
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vented with the Disetronic pen, which can draw up any type of insulin into
its reservoir.

• Some insurance companies won't reimburse pen costs.
• Patients on large insulin doses may exceed the maximal insulin delivery

of the pen, or they may find them technically hard to use for large doses.
• On average, insulin cartridges and disposable pens are approximately 25%

more expensive per unit than vials so they may be cost-prohibitive for
patients on large doses.

General Considerations for All Pens

• Use a fresh needle each time since there is no way to cover the needle once
opened.

• At each usage, the pen must be primed by expelling 2 units to purge the
needle of air. Then dial in the dosage to be injected.

• Always remove the needle between injections, as air can be drawn in and
distort the chamber pressures.

• Never use a syringe to draw insulin out of a pen.
• Keep a record of the expiration date when a cartridge or disposable pen is

opened, and follow the manufacturer's recommendations on when to dis
card it.

• Most pen needles are interchangeable, but the pen manufacturer may not
honor the pen warranty unless its need les are used.

• Follow the manufacturer's directions on how to prepare the pen and admin
ister the injection. Note especially how to determine when the full dose
has been delivered. After injecting the insulin, be sure to leave the needle
in for at least 5 seconds. Premature needle removal may result in leakage
from the skin (a common complaint of patients when first starting pen use),
resulting in a decreased dosage.

• The FDA has not approved pens for the visually impaired, and pen clicks
should not be used to count the dose. However, pens are frequently very
useful for low-vision patients after their ability to prepare the pen and inject
accurately has been confirmed.

Insulin Storage

Improperly stored insulin is a common cause of erratic or high blood sugars, and
should be considered if there is a change in the patient's glycemic control, or if
a patient does not seem to be responding to his insulin as usual, especially when
traveling. Patients should be given the following instructions:

• Do not leave insulin in luggage or a car that might be exposed to extreme
temperatures.
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• Unopened vials, pens, and pen cartridges should be stored in the refrigerator
at 36°F-46°F (2°C-8°C) until the expiration date.

• Once opened (when the stopper or seal has been punctured with a needle),
insulin pens are kept at room temperature. Vials can be refrigerated or
unrefrigerated, depending on what is more convenient for the patient. Once
opened, vials are "fresh" for 28 days if stored at less than 86°F (lSoC
30°C) and protected from bright sunlight. In contrast, pen products vary
in the manufacturers' allowable time before discarding (Table 2).

• Insulin that has passed the expiration date, or has been exposed to other
than recommended temperatures, will lose potency and should be dis
carded.

• Shaking or agitating insulin, such as when carrying it in a purse or loose
in a car glove box, can reduce its potency. Hard shaking of long-acting
insulin suspensions prior to drawing it up in a syringe can have the same
effect. Cold insulin can be irritating to inject. Thus, patients should be told
to roll the vial in their hands 10 times prior to drawing it up in the syringe
(after letting it sit 30 minutes at room temperature if the vial is stored in
the refrigerator).

• Drawing up several days' worth of syringes is a common practice, espe
cially for individuals who require assistance from home health workers,
visiting nurses, or family. Prefilled syringes should be kept refrigerated,
stored vertically with the needles pointing up to prevent needle clogging
by insulin crystals, and used within 21 days. Always label them carefully.

Insulin Injection Technique

1. Collect supplies. Inspect the vial for any crystallization, clumping, or
discoloration. If present, discard and open a new vial.

2. Wash hands.
3. Roll vial 10 times; excess agitation can damage the insulin and cause

precipitation.
4. Wipe top of bottle with alcohol or cotton ball soaked in alcohol.
S. Push plunger up and then down to the number of units to be drawn

up. Insert needle into vial and push plunger to empty the air into the
vial.

6. Pull plunger down to the prescribed number of units. Draw 1-2 units
extra to make up for insulin bubbles to be pushed out.

7. Inspect the syringe for any bubbles and tap with a finger or against
a table to drive them to the top of the syringe, and then push out. Be
sure the correct dose is still in the syringe; if it isn't, draw more.
Many patients have an unfounded fear of injecting air by mistake but
are afraid to discuss it. Every patient slwuld be reassured that in-
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jecting air in the subcutaneous tissue does no harm other than de
creasing the intended dose.

8. Lightly pinch up the skin; holding the syringe like a pencil, insert the
needle to the hub and push the plunger slowly. Wait 5 seconds and
pullout the syringe.

9. Dispose of sharps in the recommended way.
10. Do not massage the area. Note any back-leakage of insulin.

Mixing Insulins

If possible, avoid teaching patients to mix when first initiating insulin therapy,
as the extra steps can overwhelm and confuse them. Emphasize use of a consistent
technique. Commercial premixed insulin (70/30, 75/25, 50/50) is useful as in
terim therapy, or for individuals who cannot master accurate mixing.

It was identified a decade ago that mixing long-acting insulin with Regular
insulin slows the effect of the Regular insulin through microcrystaJlization; most
problematic are Ultralente and Lente, with NPH causing less of this effect. The
precipitation starts in a few minutes and takes up to 24 hours to be complete.
(Commercially prepared mixes are not subject to this issue as the manufacturers'
formulations create stable ratios of 70/30, 50/50, etc.) It was thus recommended
that insulin injections be administered immediately after mixing. Also, commer
cial mixes or the use of multiple syringes, each containing only one kind of
insulin, were suggested for those who were having syringes prepared ahead of
time by family or home health workers. This "contamination" effect of long
acting insulin on Regular insulin is now less of an issue because it does not occur
with the rapid-acting analogs, lyspro and aspart. However, caution should still
be taken when mixing. NPH should never be mixed with Lente or Ultralente
because of precipitation. Also, glargine cannot be mixed with any other insulin
because of the low pH of the glargine buffer (pH 4) necessary to keep it soluble
for injection. As new insulins come to market, it is important to consult with the
manufacturer for correct mixing practices.

Technique for Mixing Insulin

Guidelines for mixing insulins are similar to those for a single-drawn dose, with
a few exceptions.

1. lllselt air into each vial before drawing any insulin. The amount in
serted per vial should equal the insulin dose to be withdrawn. Insert
air into the long-acting (cloudy) insulin vial first.

2. After the remaining air is put into the short-acting (clear) insulin, draw
up the prescribed dose and remove the needle. The short-acting insulin
should always be drawn up first to prevent possible contamination of
the vial with long-acting insulin, which could alter its kinetics of action.
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3. Expel any remaining air, and inspect that the correct dose was taken.
4. Draw up the long-acting insulin, being careful not to overdraw.

Injection Difficulties

Bruising at injection sites may be related to nicking superficial vessels, and is
usually not due to poor injection technique. However, the problem may be
worsened in patients taking anticoagulants, corticosteroids, or nonsteroidal anti
inflammatory drugs, and in the elderly.

Painful injections may be related to the use of alcohol at the site-if the
site is dirty, patients should wash it with soap and water prior to injection but
otherwise no skin preparation is recommended. Injection of cold insulin, or syrin
ges that have been reused too many times so the needle is dulled, can also cause
pain. So can a technically correct injection in patients who are nervous or hyper
sensitive to pain. Use of an ice cube on the site for a few minutes prior to injection
often helps. When the problem is extreme, applying Emla cream 30 minutes
before the injection can be beneficial. Also, switching to the thinnest available
needle (31 gauge for insulin pens and 30 gauge for syringes) should be tried.

An important cause of painful injections is when they are i.m. Insulin is
designed to be given s.q., which is generally painless. Kinetic properties of the
different insulins are detennined by how they exist in the subcutaneous space
(crystals, hexamers, dimers, monomers). Only monomers and dimers can be ab
sorbed into the blood; lyspro and aspart exist as monomers, accounting for their
rapid action; Regular as dimers and hexamers, causing its multihour effect; and
intermediate and long-acting insulins as crystals, so the effect is much longer. If
patients inadvertently inject i.m.-that is, do not pinch the skin enough, causing
them to go through the subcutaneous space-absorption into the blood is faster
than usual, resulting in a quick effect and occasionally frank hypoglycemia. Intra
muscular injections hurt. A useful way to identify i.m. injections is to differentiate
pain on inserting the needle into the skin-any of the previous causes, including
pain hypersensitivity-from pain when the plunger is pushed in-Lm. injection.
To avoid this problem, injections are generally given at a 90° angle, but children
or thin adults may need a 45° angle, especially in areas with little subcutaneous
fat. The practice of pinching a small fold of skin should be reinforced.

Allergic reactions are rare and usually localized. Rubber and latex allergies
related to latex in syringes or rubber stoppers on vials can be mistaken for an
insulin allergy. Latex-free syringes are available (Terumo Corporation). Preserva
tives or other chemicals in the buffer, such as zinc or protamine, can cause allergic
reactions, but this is rare. Since human insulin has come to the market, serious
insulin allergies are quite rare.

Lipoatrophy is a sinking or pitting of the subcutaneous tissue around an
injection site that is believed to be an allergic response to a specific insulin species
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or poor purity. It was relatively common a few years ago, especially in women
and children and during the first year of therapy. Its occurrence has markedly
decreased with today's use of highly purified human insulin.

Lipohypenrophy is a fatty buildup of subcutaneous tissue, usually related
to overuse of an injection site, often because the frequent use causes it to become
insensitive to pain. It remains relatively common, but is decreasing in frequency
as patients are being urged to rotate their sites (Figure 2). Also important is the
relative painlessness of today's syringes and pens. Thus, when lipohypertrophy
is identified, causative factors besides the pain desensitizing effect must be con
sidered. Patients may have a favorite site because of easy access, convenience,
better visualization, or simply habit. Alternatively, difficult-to-see areas such as
the buttocks may have lipohypertrophy without the patient's knowing it. It is
important to educate patients that insulin absorption is erratic from hypertrophied

FIGURE 2 Stippled areas indicate recommended insulin injection sites.
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sites, and to discuss alternative sites and proper site rotation. Lipohypertrophy
usually resolves if the site is not used for several months. It is essential that
providers inspect injection sites routinely. Also, patients will often state that they
use their abdomen, but on inspection and more careful discussion, it is discovered
that only a small area is used, which is hypertrophied. Individuals on multiple
daily injections who use only one or two sites (especially arms and legs) are at
the highest risk. Patients should be taught to rotate among individual sites.

Insulin Absorption

Insulin absorption, and thus the timing of its action, is affected by many variables.

• The insulin formulation. The protamine in NPH and the excess zinc in
Lente and Ultralente promote crystallization, which causes the cloudy ap
pearance and slower absorption compared with Regular insulin or the rapid
acting analogs ("clear insulins").

• Raising skin temperature, such as by taking a shower or hot tub after an
injection, increases absorption. Similarly, massaging the injection site in
creases local circulation and speeds absorption. Both are to be discouraged.

• Exercise increases blood flow, and thus absorption of locally injected insu
lin. It is recommended that patients be taught not to inject into a limb that
recently has been exercised, or will be exercised within the next hour. In
stead, the abdomen is the most neutral site in terms of this effect, and best
used when physical activity is planned.

• Intramuscular injections increase the absorption rate, as already discussed.
• Subcutaneous injection sites vary in absorption rates (from fastest to slow

est: abdomen, arms, legs, and buttocks). It's useful to match sites to a de
sired effect, e.g., use of the stomach before meals, and giving the evening
shot in the buttocks or leg so it lasts through the night. However, it is
important to realize that this effect does not occur with the rapid-acting
analogs Iyspro and aspart or the long-acting analog glargine; all are con
sidered to have absorption rates that are unaffected by where they are in
jected.

• Sites of lipohypertrophy can cause unpredictable absorption. Also, patients
should be instructed to avoid the umbilical area and any scars by at least
two inches (stretch marks are not a concern).

Injection Aids

A variety of devices are available to help those with technical or emotional diffi
culties with injections, including insulin pens, automatic needle injectors, needle
free jet injectors, and aids for the visually impaired (Table 3). Also, contact your
local or state Division of the Blind to learn about local resources.
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TABLE 3 Insulin-Delivery Assistance Devices

Type

Jet injectors-needleless
injection systems

Automatic injectors
enable using needles
more easily

Aids that enable syringe
loading and insulin dose
measurement in the
visually impaired

Manufacturer

Activa
800-991-4464

Bioject
800-683-7221 #436

Equidyne
877-474-6539

Medi-Ject
800-328-3074

Becton, Dickinson
800-237-4554

Medicool
800-433-2469

Owen Mumford
800-421-6936

Sherwood
314-621-7788

Becton, Dickinson
800-237-4554

Jordan Medical
800-541-1193

Meditec
303-758-6978

Palco
800-346-4488

Product

AdvantaJet, Advanta JetES,
GentleJet

Vitajet 3

Injex 30

Medi-Jector VISION

Inject-Ease Automatic injector
(conceals insulin syringe)

InstaJect injector (adjusts for
depth of needle penetration)

Autoject, Autoject 2 (injects
needle at prescribed depth)

Monoject Injectomatic (spring
loaded for monoject syrin
ges)

Magni-Guide (2.5x scale mag
nifier and needle guide)

Count-a-Dose (syringe filling
and mixing devise)

Holdease (needle guide and
syringe/vial holder)

Insulgage (allows tactile draw
up of preset dose)

Inject-Eze 6000 (low-vision
loading devise with 2x lens)

Insulcap (tactile-cue vial cap
for ease in inserting a sy
ringe)

Load Matic (syringe loader)

Shown are insulin-delivery assistance devices by category. Refer to manufacturers for
current products and specifications.

SELF-BLOOD-GLUCOSE MONITORING

Self-blood-glucose monitoring (SBGM) is an essential part of any diabetes man
agement program. It provides quick, reliable data for problem solving and deci
sion making, and it is invaluable for detecting or confirming hypoglycemia and
analyzing blood glucose patterns to adjust treatment. This relatively painless tech
rlique involves pricking the finger with a lancet device to obtain a drop of blood,
which is placed on a reagent strip in a handheld meter to quantify the glycemia
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concentration. Two measurement technologies are commonly used: color-reflec
tance meters, which use strips impregnated with the enzyme glucose oxidase and
a color indicator system for the chemical reaction, and meters that measure elec
trical current produced by the chemical reaction. Visual-read test strips are also
available, but are not nearly as accurate as meter-read samples. Urine glucose
testing is obsolete because it cannot detect hypoglycemia or even assess blood
sugars in the recommended range since most individuals start spilling glucose
into their urine when glycemia exceeds 180 mg/dl. However, urine testing is
better than nothing for individuals who refuse blood glucose monitoring.

Indications and Rationale

Essentially all individuals with diabetes should monitor their blood glucose level.
SBGM is invaluable because of the instant and accurate data it provides, plus
patient acceptance has been helped by the ease of use and accuracy of modern
meters. Common objectives of its use are:

• Detection of hypoglycemia, especially in individuals with hypoglycemia
unawareness.

• Improved decision making regarding adjustments of care in response to
dietary and exercise changes.

• Enhanced effectiveness of patient-provider dialog regarding efficacy of
the current therapy, and help in designing strategies to attain the glycemia
targets.

• A level of patient self-sufficiency and problem solving that did not exist
prior to their being able to determine a blood glucose level. This is true in
emergent situations; when patients don't feel well, they can determine what
role, if any, glycemia is playing. Also, patients can be safely managed at
home during illness or acute hypo- or hyperglycemia that before SBMG
would have led to seeking emergent medical attention. This concept is true
for chronic management as well. Intensive diabetes management strategies
and the current mantras of "self-care" and "self-management" could not
exist without SBMG.

Advantages

• Allows the patient to practice self-management, resulting in increased inde
pendence, self-confidence, and motivation.

• Provides reliable, objective, and quick test results for improved treatment
decisions.

• Instant feedback on diet, exercise, and medication effects, anytime, any
where.

• Detects or confirms asymptomatic hypoglycemia or hyperglycemia.
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Disadvantages

• Discomfort of pricking the finger. Meters have recently come onto the mar
ket that use alternative sites (most commonly the forearm) that are adver
tised as being painless. However, these alternative sites are not as accurate
as fingertip testing when blood glucose levels are rapidly changing, such
as after meals or during the development of hypoglycemia.

• Cost is a major barrier for many people. Although insurance reimbursement
for diabetes medications is growing, many plans still do not cover test
strips, which cost $0.60 to $0.80 each.

• Requires a degree of mental acuity and manual dexterity that is sometimes
lacking in the chronically ill or elderly.

• Incorrect technique or equipment malfunction can lead to erroneous test
results and inappropriate decision making. However, over the last few years
meters have become easier to use and more reliable, and require less blood
for accurate testing. In the past, using too small a blood sample was a major
cause of inaccurate results.

• Persistently high or labile blood sugars can lead to patient frustration. Para
doxically, the patient's motivation for better diabetes control can be hurt
by "bad blood sugars," leading to avoidance of testing. I

• Inconvenience of carrying supplies and taking the time to test and record
information. Most meters now have memories that allow later written docuJ
mentation.

Patient Education

Individualized instruction in product selection and use of the equipment is key,
as is ensuring that patients know their glycemia targets and how to apply the
data for better glycemic control. This can greatly increase patient motivation to
test as well as improve the quality of the data, and decrease costly product waste.
Exploring in a nonjudgmental manner the reasons for a patient's not testing as
recommended often uncovers barriers that can be addressed through a change in
equipment, helping them obtain affordable supplies, or re-emphasizing the neces
sity of testing for attaining the goals of therapy. Diabetes educators are trained
to help patients identify and overcome barriers, and to teach blood glucose inter
pretation for problem solving. Instruction should include correct usage of the
meter and its care, calibration, and use of control fluids; technique for finger
pricking; proper disposal of sharps; the testing schedule; their blood glucose
goals; record keeping; glucose-pattern interpretation, and how to use their SBGM
data for diet, medication, or exercise insulin adjustments. Further, patients should
know to bring their testing equipment and glucose diaries to each visit. They
should be regularly asked to demonstrate their testing technique, and their meters
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should be checked for accuracy, especially when their log results are inconsistent
with other indices of glycemia such as HbA le .

Meter Selection

Meters have become smaller, faster, and easier to use, and require less blood. A
large selection with various features are on the market, and it's best to be familiar
with several models or refer to a diabetes educator. Meter kits also include lancet
devices for finger pricking. It is important to determine that not only the meter
but also the lancing device suits the patient. Getting input from the patient regard
ing meter selection is key, as their perception of what determines ease of use or
a particularly desirable feature can greatly affect their motivation to test.

Meter features to consider include the required sample size, ease of use,
"sipping strips" which use capillary action as opposed to direct application of
a drop of blood on the strip, test time, meters that use sites other than the fingertip,
accuracy and glucose range, meters that measure levels of whole-blood versus
plasma glucose, memory capacity, available data-management software and its
ease of use, temperature and altitude range, meter size and weight, large versus
small screen and number size, ease of opening test-strip packages, individual
foil-wrapped strips versus those stored in a vial, meter and strip costs, ease of
coding the meter, and quality-control testing (Table 4).

Patient variables to consider include dexterity, cognitive abilities, visual
acuity, frequency of testing, motivation, lifestyle, concerns about compactness,
privacy, and how they wish to keep a record of their blood glucose results.

Special Populations

The elderly are often undertreated in regard to blood glucose monitoring. Avoid
ance of hypoglycemia is of particular importance in this population. Moreover,
labile blood glucose patterns and a tendency to hypoglycemia are a feature of
many elderly patients as they become insulin-dependent. Thus, age should not
be a limiting factor when considering fingers tick usage and frequency. Patient,
personalized education is often required. Also, special attention should be paid
to the patient's manual dexterity, vision, and potential memory deficits. Simplic
ity of use and need for only a small blood drop are particularly useful meter
features for older patients.

Children often do best with equipment that hides the lancet, minimizes
discomfort, and requires a small sample size. Meters with quick results are espe
cially helpful to parents. Also, memory recall is a useful meter feature for children
who report blood glucose results that are not consistent with their HbA Ie value.

Major obstacles for the visually impaired (including fluctuating and low
vision) are obtaining an adequate blood sample and correct placement on the test
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TABLE 4 Blood-Glucose-Monitoring Systems (refer to manufacturers for current products and specifications)
CAl
00

Glucose
Sample size range Test time Plasma/ Memory

Meter mfr. and name (J.ll) (mg/dl) (seconds) Strip name whole blood (no. of tests) Comments

Amira
(877-264-7263)

AtLast 2 40-400 15 AtLast Plasma Last 10 Capillary action strip; alternative

site options
Bayer Corporation

(800-888-5957)
Glucometer Dex 3-4 10-600 30 Sensor Disc Plasma 100 (date/time) Capillary-action strip
Glucometer Elite 2 20-600 30 Elite Plasma 20 Capillary-action strip
Glucometer Elite XL 3 20-600 30 Elite Plasma 120 (date/time) Capillary-action strip

Home Diagnostics

(800-342-7226)
Prestige LX(HDI) 5 25-600 10-50 Prestige Smart Whole blood 365 Capillary-action strip; large,

System easy-to-read display
Hypoguard Corporation

(800-888-5957)
Assu re Hypog uard 10 30-550 35 Assure Whole blood 180
Select GT Hypoguard 9 30-600 Within 50 SelectGT Plasma or 100

whole blood
Lifescan Corporation

(800-227-8862)
Fast Take 15 20-600 15 Fast Take Plasma 150 (date/time) Capillary-action strip

~ One Touch Basic 10+ 0-600 45 One Touch Whole blood 75 (date/time)
0

~ One Touch Profile 10+ 0-600 45 One Touch Whole blood 250 (date/time)
c. Sure Step 10-35 0-500 Avg. 30 Sure Step Plasma 150 (date/time) Blood drop is smeared directlytn·
0

on strip" (")
~ Ultra 1 20-600 5 Ultra Plasma 150 Capillary-action strip; alternative 0g Vl
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LXN Corporation 5'
(888-596-8378) VI

=-Duet (LXN) Glucose 10 20-600 8-30 Duet Glucose Whole blood 200 glucose, Measures fructosamine (gluco- 5'
Glucoprotein 25 50 glucoprotein protein) as well b

In Charge (LXN) 6 20-600 5-20 In Charge Plasma 200 glucose. Measures fructosamine (gluco- !eo.
Glucose 50 glucoprotein protein) as well :cr

CD
Medisense (Abbott) ...

<
(800-527-3339) III

ExacTech RSG 10-50 40-450 30 ExacTech RSG Whole Blood 1 ::J
Q.

Precision Extra 3.5 20-600 20 Precision EXlra Plasma 450 (date/time) C)
Precision QID 3.5 20-600 20 Precision QID Plasma 10 meter, i:

125 software n
0

Sof-Tact IQ 3 15 Plasma VI
CD

Roche Diagnostics ~
(800-858-8072) 0

Accu-Chek Advan- 9 10-600 40 Advantage Plasma 100 (date/time) Advantage top-load, Comfort ::J
;::+'

tage 4 Comfort Curve capillary-action strips; 0

Curve large, easy-to-read display
~,

::J

Accu-Chek Complete 9 10-600 40 Advantage Plasma or 1000 More complete data man- IC

4 Comfort whole blood agement s:
CD

Curve ...
:::r

Therasense 0

(888-522-5226)
Q.
VI

FreeStyle 0.3 20-500 15 TheraSense Plasma 250 (date/time) Capillary-action strip; alternative

site options

Visual-read test strips

Bayer Corporation (800-348-8100)

Glucostix Reagent Strips
Roche Diagnostics (800-858-8072)

Chemstrip BG
CAl
CD
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strip. Talking meters are available. State associations for the visually impaired
are excellent resources for training and product information.

Recommended SBGM Test Frequency

Experience has shown that frequent monitoring augments patients' ability to meet
their treatment goals and provides the needed feedback to pursue self-manage
ment. Still, the times and frequency of testing vary widely among individual
patients, depending on their treatment goals, treatment regimen and its complex
ity, motivation, variability of dietary and exercise habits, physical and cognitive
abilities, financial constraints, and concerns for hypoglycemia. It is generally rec
ommended that patients test often enough to be familiar with their usual glycemia
pattern, including testing under various dietary, work, and exercise conditions.
The most common practice is testing before meals and at bedtime, and occasion
ally between 1 and 3 A.M. Also, 2-hour post-meal testing is being increasingly
recommended to ascertain postprandial glucose control, especially in patients
taking rapid-acting insulin analogs or oral agents such as Repaglinide and Nateg
linide. All patients should have testing equipment and supplies on hand, and
know how to use them, even if used only for emergent situations.

Common Testing Patterns

• Stable-diet-controlled-test pre-breakfast and 2 hours post-breakfast or
dinner two or three times per week.

• Oral agents alone or insulin/orals combination therapy-pre-breakfast four
to seven times per week, pre-lunch two or three times per week, 2 hours
post-breakfast or -dinner two or three times per week.

• Insulin therapy-the frequency is based somewhat on the insulin regimen
and blood sugar stability:

One daily injection-one to three tests daily (at least two recommended).
Two daily injections-four tests daily (before meals and at bedtime).

Stable patients on fixed doses can perform four times per day, three
days a week, including some weekends.

Intensive therapy (multiple injections or insulin pump)-four to seven
times per day. Stabilized patients on fixed insulin doses may test four
times daily three days per week, including a weekend day.

• Patients with asymptomatic nocturnal hypoglycemia should perform their
bedtime fingerstick measurement 11/2 hours after their evening snack. They
should also check between 1 A.M. and 3 A.M. on days following unusual
exercise.

• Patients who test infrequently should increase the frequency when ill, trav
eling, changing daily routine, or having problems with hypo- or hyperglyce
mia, or after intense exercise.
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Technique for Self-Blood-Glucose Monitoring

1. It is recommended that hands be washed to remove any food or chemi
cal residue. Infections are rare with fingersticks. Washing also in
creases the circulation, which can help if obtaining an adequate sample
is a problem. Alcohol is not recommended because it toughens the
skin.

2. Remove a test strip from the vial and recap immediately. Exposure to
air and light can damage strips in as little as an hour.

3. Turn meter on, and prepare the lancet device and a strip according to
the manufacturer's directions. Lancet devices should be used to de
crease tissue trauma and discomfort. Newer models have adjustable
depth penetration. Lancets and lancet devices should never be shared;
there are reported cases of communicable diseases spread via lancet
devices.

4. Shake hand at side below waist and milk the finger to be pricked if
needed. Place the tip of the lancet on the side of the finger opposite
the nail bed with firm pressure, and release the button. Because the
sides of the fingers have fewer nerve endings than the tips, they are
less sensitive. Meters that allow for alternative test sites, most com
monly the forearm, have recently become available. However, some
patients find it difficult to obtain an adequate sample at the alternative
sites. It is advisable to have patients demonstrate their technique before
prescribing any meter, especially when alternative sites are to be used.

5. Once the site has been lanced, gently squeezing the finger is generally
adequate to obtain a drop. If not, running the finger under warm water
and milking it prior to lancing the finger followed by lowering the hand
almost to the floor while squeezing usually works.

6. Place the sample on the strip as directed. If the strip is not completely
covered, the meter may report inaccurate results. Too small a blood
drop is the most common cause of sampling error, although this hap
pens less often with the newer meters, which require less blood, and
also with the advent of capillary-action strips.

7. Record test results, including interpretation comments.

Record Keeping

Record keeping is a critical part of diabetes self-care. Patients often rely on the
meter memory to store information for their provider instead of writing down
results. However, the meter memory is not a replacement for a written record.
Ideally, the blood glucose values should be analyzed by the patient on an ongoing
basis to determine the adequacy of glycemic control, and to make adjustments
in insulin doses when necessary. This requires comparing several days' results
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to look for recurring problems that suggest a need to change the insulin doses
(so-called pattern management), which underscores the need for a written record.
An underutilized part of the record is the comment section in which pertinent
information should be recorded. Comments about unusual diet, activity, stress,
or medication changes can help to determine the cause of abnormal blood glucose
values and the effectiveness of corrective actions. Also, it is important that the
provider review the glucose log at each visit as this can increase patient motiva
tion and aid in their learning how to solve problems and self-manage. Thus,
regularly recording and analyzing their blood glucose values allows patients to
become proactive rather than reactive in their diabetes management.

Noncompliance is an overused word. If an individual does not test or keep
written records, exploring his or her reasons in a nonjudgmental way can provide
insight. Common causes include inadequate education as to the importance of
SBGM, testing burnout, frustration at test results, cost, discomfort, inconvenience
of carrying equipment or taking the time to test, hiding the diagnosis from others,
and denial. Monitoring can elicit unpleasant emotions from patients who view
their results as unacceptable. These patients may need counseling to help them
understand that their results are a feedback tool for problem solving, not a reflec
tion of themselves for overly critical self-judgment.

Meter Accuracy

Patients may question the accuracy of their meter after comparing the results
of tests done simultaneously on two different glucose meters. Questions to ask
include:

• Are the test strips within the expiration date, and have they been stored
properly?

• Has fresh control fluid been used to check the system? Most vials of control
fluid expire 3 months after being opened. Often patients have not been
taught the purpose or technique of quality-control testing. It is useful to
keep control fluids for commonly used meters in the office and to check
meters with questionable accuracy.

• Is their meter coded correctly for the currently used strips? Most meters
must be recoded each time a new vial of strips is opened.

• Did the patient obtain an adequate drop of blood and properly apply the
sample? Inadequate samples are the most conunon cause of inaccurate re
sults. It is advised that each patient's technique be checked regularly. For
patients who have trouble getting an adequate sample, the newer meters
that use capillary action to obtain the sample are usually preferable to the
traditional hanging-drop method.

• Is the patient aware of anything that might have damaged the meter?
• Is the patient comparing whole-blood and plasma-read meters? Comparing
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a meter's results with a lab measured plasma glucose is the only valid
method for determining accuracy-a variance of less than 20% is consid
ered acceptable meter performance. However, glucose meters use whole
blood, and vein-drawn lab samples use the plasma portion. Newer meters
mostly report plasma glucose measurements, but there are still many on
the market that report whole-blood results, which are approximately 12%
lower. Each mode of measurement is considered accurate. However, meters
that report plasma results are generally preferable for patients in intensive
treatment programs to allow easier matching of meter-read and lab-mea
sured glycemia values. Also, a useful practice for patients who have more
than one meter is to use the same brand or at least the same manufacturer
for ease in comparing results.

SICK-DAY MANAGEMENT j
All diabetic patients should increase their monitoring of blood glucose-patient
with type 1 diabetes should also start urine ketone measurements-during sus
pected or acute illness. Often glycemia values will increase before there are sign
and symptoms of a developing illness. Patients need to be given specific instruc
tions on how to monitor and adjust their therapy during periods of illness ("sick
day rules").

• Blood glucose should be checked every 2 to 4 hours, or until the symptoms
diminish.

• Urine ketones should be tested at least every 4 hours during acute illness.
• Increased insulin is often needed (l 0-20%). This must be stressed with

patients who often want to reduce or eliminate their dosage because they
are vomiting and not eating, and do not understand the body's need for
more insulin when under stress, even if carbohydrate intake is decreased.
Insulin omission is a common cause of diabetic ketoacidosis (DKA).

• Adequate hydration is critical. Patients should drink 8 ounces of calorie
free fluids (e.g., water, broth, or diet drinks) every hour while they are
awake. Also useful are fluids that contain electrolytes, such as canned clear
soups, bouillon, consomme, and sports drinks. A "sipping diet" consisting
of 15 grams of carbohydrates, such as Gatorade every 1 to 2 hours, can be
effective in patients with nausea and vomiting. Caffeine is a diuretic and
should be avoided. Antiemetics or i.v. fluids may also be needed.

• Many over-the-counter cough and cold medications contain sugar and alco
hol, and can increase blood glucose. Advise patients to use sugar-free prep
arations if available.

• Most situations can be managed by phone if the patient is monitoring and
reporting his status. However, patients are often reluctant to contact their
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provider until symptoms are severe. They should be instructed to contact
their provider when:

They vomit more than once.
Diarrhea persists for more than 24 hours or occurs five times or more.
Blood glucose levels are higher than 300 mg/dl on two consecutive mea-

surements which do not respond to insulin.
They observe moderate or large ketones.
They have unexplained chest pain and/or difficulty in breathing.
They should be seen for medical evaluation if:
They are unable to tolerate fluids or have persistent vomiting or diarrhea.
They report progressive weakness.
They are experiencing rapid and labored respirations or other significant

difficulty in breathing.
There is a change in mental status.
Moderate or large urinary ketones do not improve after 12-24 hours of

treatment.

Urine Ketone Testing

Urine ketone testing is often overlooked, but it is an essential part of care for
patients with type 1 diabetes. The individually foil-wrapped strips are convenient
to carry. Type 2 diabetes patients are normally ketosis-resistant, but during pe
riods of severe trauma, infection, or illness can become ketotic and even develop
full-blown DKA. Thus, a useful practice is to have all diabetic patients monitor
urine ketones during severe illness.

• Patients with type 1 diabetes should check urine ketones when their blood
sugars are consistently over 240 mg/dl. This is especially critical for pa
tients on insulin pumps since it may indicate malfunction of their pump
delivery system.

• Pregnant women (including those with gestational diabetes) are advised to
monitor urine ketones every morning.

• Positive urinary ketones do not always indicate sickness. Ketones are a
byproduct of fat metabolism, and their presence with normal blood sugars
can indicate fat mobilization in a patient who is actively trying to lose
weight by restricting calories. However, patients with type 1 diabetes who
are restricting their calories for weight management may also restrict their
insulin, resulting in metabolic decompensation and DKA in the absence of
marked hyperglycemia. This is especially common in teenage girls who
desire rapid weight loss such as during prom season. Thus, patients should
carefully monitor urinary ketones and glycemia during periods of caloric
restriction.
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Nutrition Assessment and Therapy

Linda Tilton
Vermont Regional Diabetes Center, Fletcher Allen Health Care,
University of Vermont College of Medicine, Burlington, Vermont

II\1TRODUCTION

Nutrition therapy is a key component of the American Diabetes Association's
(ADA) diabetes-care and self-management guidelines for patients with diabetes
who are receiving insulin therapy. Nutrition assessment, along with the develop
ment and implementation of individualized nutrition goals and meal-planning
guidelines, is as important to the successful management of diabetic patients
treated with insulin as it is for patients who manage their diabetes with diet and
exercise or oral medications. Although essential to optimal diabetes care, follow
ing nutrition recommendations and meal-planning strategies can often be the most
challenging part of diabetes self-management for patients.

Diabetic patients treated with insulin find it difficult to understand and fol
low the nutrition component of their diabetes management plan for many reasons.
Some examples of those reasons are:

• Diabetic patients and health-care practitioners often do not understand the
current ADA nutrition recommendations.

• Health-care practitioners often do not emphasize nutrition therapy for dia
betic patients treated with insulin.

• Diabetic patients often do not receive education on nutrition management
of diabetes in the primary-care setting.

47
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• Many diabetic patients find it difficult to follow a meal plan that they per
ceive limits their food choices.

As a result of these factors, many diabetic patients treated with insulin therapy
do not optimize the nutrition component of diabetes management (l).

HISTORICAL PERSPECTIVE

The ADA's nutrition recommendations for diabetes management have changed
a great deal since the first recommendations were introduced in the 1920s. Some
of the more recent changes directly contradict long-established standards of dia
betes nutrition care.

In 1971, the ADA's nutrition recommendations for diabetes management
called for a moderate carbohydrate intake of approximately 45% of total calories,
20% of calories from protein, and 35% from fat. Diabetic patients were encour
aged to avoid sucrose and concentrated sweets; however, little emphasis was
placed on the amount of protein and both total and saturated fat included in the
diet. In 1986, the ADA's nutrition recommendations were revised to encourage
a carbohydrate intake of approximately 60% of calories, along with reductions
in protein and fat intake to 12-20% and less than 30% of total calories, respec
tively. The amount of protein and fat recommended in the meal plan was de
creased to limit the risk of cardiac and renal complications of diabetes. Patients
with diabetes were also encouraged to consume a diet high in fiber and to limit
their intake of sucrose and foods that contained sugar (2).

In 1994, the ADA significantly revised its nutrition recommendations for
diabetes management to reflect current research that indicated good blood glucose
control can be achieved with varying percentages of calories from carbohydrate,
protein, and fat in the meal plan. The ADA's nutrition recommendations currently
emphasize a flexible approach to the nutrition prescription, with a meal plan that
includes varying amounts of macronutrients based on a nutrition assessment and
individualized treatment goals. Sucrose and foods containing sugar can now be
consumed as part of the total carbohydrate content of the meal plan. Diabetic
patients are also encouraged to moderate the amount of protein and limit both
the total fat content and the amount of saturated fat in their diet (2).

These repeated revisions have resulted in confusion for health-care prac
titioners and patients, which often limits a diabetic patient's ability to optimize
his or her diabetes control.

ADA RECOMMENDATIONS

Although controversy continues to exist concerning the ideal percentage of pro
tein, carbohydrate, and fat for a diabetic patient's nutrition prescription, nutrition
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therapy is recognized as a key component of the successful management of insu
lin-treated diabetic patients. There is now general agreement that a generic dia
betic diet that applies to all patients with diabetes simply does not exist. Physi
cians or health-care practitioners should no longer give their diabetic patients
standardized preprinted meal plans, with a one-size-fits-all calorie level and car
bohydrate, protein, and fat percentages, without an assessment of their current
food intake, exercise habits, and diabetes treatment goals. Current ADA guide
lines focus on the development of individual nutrition goals and meal plans (3).
The current ADA guidelines for macronutrients are listed below (2).

• Protein
10-20% of total calories in patients without nephropathy
In patients with overt nephropathy a limitation of protein intake to the

Recommended Dietary Allowance (RDA) for adults of 0.8 g/kg/day

• Fat
Approximately 30% of total calories, with the exact percentage based

on lipid levels and weight-management goals
Saturated fat less than 10% of total calories, less that 7% if LDL choles

terol is elevated
Cholesterol less than 300 mg/day, less than 200 mg/day if LDL choles

terol is elevated
• Carbohydrate

The percentage of total calories will vary based on treatment goals
Makes up the remainder of calories after protein and fat percentages are

met
Sucrose and foods containing sugar may be included as part of the carbo

hydrate content of the meal plan

THE ROLE OF THE REGISTERED DIETITIAN

The dietitian works in collaboration with the physician, nurse practitioner, physi
cian's assistant, diabetes nurse educator, and patient as part of the diabetes man
agement team. The role of the dietitian is to assess the patient's present nutritional
status, body weight, food intake, and exercise level, along with the patient's readi
ness and ability to make behavior changes related to his or her present food
choices and exercise habits. An individualized assessment by a registered dieti
tian with training and expertise in diabetes self-management is the basis for the
development and implementation of individualized nutrition treatment goals and
meal plans.

After the initial assessment, the dietitian works closely with the patient and
the other members of the diabetes management team to establish and prioritize
goals, and then to develop strategies to achieve those goals. As an effective coun-
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selor, the registered dietitian must include the patient in the process of developing
nutrition goals and the individualized meal plan. It is important for the dietitian
to provide close patient follow-up and to help motivate the behavior changes
needed to optimize the patient's glycemic control (3).

GOALS OF NUTRITION THERAPY

Nutrition goals for the insulin-treated diabetic patient are based on 1) the behavior
changes that the individual with diabetes is willing and able to make and 2) the
type of insulin program the patient is following. Goals are based on a patient's
blood glucose, HbA I" serum lipid, blood pressure, and body weight goals. The
type of insulin program is also an important consideration in the development
of nutrition goals and the initiation of an individualized meal plan.

Achievement of nutrition goals is measured by assessing objective out
comes, such as self-monitored blood glucose levels or changes in HbA lc and
serum lipid levels, and changes in body weight and exercise habits. If diabetes
management goals are not achieved, the diabetes management team then re-evalu
ates the plan.

The overall goal of nutrition therapy in the insulin-treated diabetic patient
(as in all patients with diabetes) is to assist the patient in making diet and exercise
changes to improve metabolic control of his or her disease. The specific goals
of nutrition therapy are as follows (2):

• To balance food intake and activity level with insulin and oral medications,
if applicable, to achieve and maintain near normal blood glucose levels

• To achieve and maintain optimal serum lipid levels
• To achieve and maintain a reasonable body weight in adults; provide ade

quate calories for normal growth and development in children and adoles
cents; and meet the increased nutritional needs of pregnancy, lactation, and
illness

• To prevent and treat the acute complications of diabetes such as hypoglyce
mia and the long-term complications such as cardiac and renal disease

• To improve overall health through optimal nutrition

NUTRITION STRATEGIES FOR INSULIN THERAPY

Strategies for nutrition management as part of insulin therapy will vary based on
whether the patient has type I or type 2 diabetes and whether he or she is follow
ing a conventional or intensive insulin program (2).

In either case, an individualized meal plan based on the patient's food
preferences and usual pattern of daily meals and snacks should be developed
with a registered dietitian, and agreed to by the patient prior to initiating insulin
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therapy. It is important for the patient to consistently follow the meal plan
as the insulin program is initiated and insulin doses are adjusted. Consistent
timing of meals and snacks as well as the quantity of foods consumed (espe
cially carbohydrates) will help to optimize glycemic control. As the patient
learns the onset, peak, and duration of his or her insulins, adjustments can be
made in the meal plan, insulin program, or both to achieve target blood glucose
levels (2).

NUTRITION STRATEGIES FOR TYPE 1 DIABETES

The goals of nutrition therapy for the type I diabetic patient are listed in Table
1. The usual food intake and exercise habits should be determined prior to the
initiation of either conventional or intensive insulin therapy, because it is impor
tant to integrate insulin therapy into the patient's accustomed routine. It is recom
mended that all patients starting insulin therapy meet with a registered dietitian
to develop an individualized meal plan that incorporates their food preferences,
usual pattern of meals and snacks, and exercise habits. An initial meal plan should

TABLE 1 Goals for Nutrition Strategies

Type 1 diabetes

The ideal meal plan integrates insu
lin therapy into usual eating and
exercise habits

Patients on conventional insulin
therapy need to eat at consistent
times to coordinate with the ac
tion time of insulin

Adequate calories should be pro
vided to maintain a reasonable
body weight in adults and meet
the nutritional needs for growth,
development, pregnancy, lacta
tion, and illness

Patients learn to adjust insulin
doses by evaluating blood glu
cose patterns

Patients on intensive insulin regi
mens have more flexibility in tim
ing of meals and snacks and the
amount of food eaten

Type 2 diabetes

Primary nutrition goals are to
achieve and maintain normal
blood glucose and lipid levels,
and to control blood pressure

Spread food intake, especially of
carbohydrates, throughout the
day

Moderate calorie restriction and
weight reduction; weight goals
based on a reasonable body
weight, not ideal body weight; in
creased physical activity and ex
ercise level

Monitor blood glucose levels to de
termine whether goals are
achieved

Nutrition and exercise remain pri
mary therapy, even when oral
medication and/or insulin are
added
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be developed and communicated to the provider initiating the insulin therapy so
that the insulin program can be tailored to the patient's usual patterns of eating
and exercise. Patients with type 1 diabetes on a conventional insulin program,
such as twice-daily injections of short- and intermediate-acting insulin, should
exercise and eat their meals and snacks at the same time each day so that the
insulin action can be coordinated with their food intake and activity levels. Fol
lowing a consistent meal plan and exercise program will help optimize glycemic
control and decrease the risk of hypoglycemic events in the patient following a
conventional insulin program (4).

Type 1 diabetic patients following conventional insulin-therapy programs
need to monitor their blood glucose levels, as instructed by their physician or
health-care practitioner, to identify blood glucose patterns. Blood glucose patterns
are then used to adjust insulin doses and modify the insulin program or meal
plan to achieve target blood glucose levels and glycemic control. Although many
newly diagnosed type 1 diabetic patients are well managed on a conventional
insulin program, many patients change to an intensive insulin program to achieve
blood glucose goals and increase the flexibility of their food choices and lifestyle.
Intensive insulin therapy allows the patient more flexibility in the timing of meals
and exercise as well as in the composition of meals, and the ability to minimize
or eliminate snacks. Intensive insulin programs include multiple daily injections
with basal insulin and rapid- or short-acting pre-meal insulin or the use of an
insulin pump with rapid- or short-acting insulin given as a pre-meal bolus. The
amount of pre-meal rapid- or short-acting insulin can be adjusted based on
the amount of food eaten (specifically, the carbohydrate content of the meal),
the addition of snacks, and changes in exercise or activity levels. The patient can
choose if and when to eat a meal or snack and use an algorithm or a carbohydrate
to-insulin ratio to calculate his or her pre-meal dose of rapid- or short-acting
insulin (4). While a meal plan is often used as a guide to food choices, the patient
who selects intensive therapy is able to enjoy flexibility of food choices and
variability in the timing of meals, snacks, and exercise that would not be possible
on a conventional insulin program.

NUTRITION STRATEGIES FOR TYPE 2 DIABETES

Nutrition therapy is a key component of the management of type 2 diabetes.
Because type 2 diabetes is a complex and diverse disease, it is impOitant that
nutrition therapy be individualized for each patient and based on specific goals
to improve metabolic control. The goals of nutrition therapy for the type 2 dia
betic patient are listed in Table I. Reduction in calorie intake, moderate weight
loss, and maintenance of a reasonable body weight are all effective nutrition
strategies to improve metabolic control in the overweight type 2 diabetic patient.
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A moderate weight loss of 5-10 kg (approximately 10-20 lb), regardless of initial
weight, has been shown to improve glycemic control and to reduce serum lipid
levels and blood pressure (2). For this reason, weight control continues to be an
important strategy in nutrition management of type 2 diabetes.

Patients often experience difficulty in achieving weight loss and main
taining a reasonable body weight through traditional nutrition strategies, such as
calorie-restricted diets. Therefore, the focus of nutrition therapy for type 2 diabe
tes is on achieving target blood glucose levels and improving metabolic control.
Type 2 diabetic patients should be encouraged to monitor blood glucose levels
because nutrition therapy and lifestyle changes often have a positive effect on
blood glucose levels before weight loss goals are achieved. The focus of nutrition
assessment and therapy for type 2 diabetes is to identify a reasonable body weight
for the patient, and to encourage diet and lifestyle changes to achieve and main
tain weight loss goals, blood glucose targets, and blood-pressure levels, and to
improve metabolic control. Nutrition strategies encourage a moderate reduction
in daily calorie intake, usually a reduction of 250-500 calories per day from the
patient's usual daily intake, as assessed by a registered dietitian. In addition to
nutrition therapy, a regular program of exercise is also encouraged to promote
weight loss, achieve target blood glucose levels, and optimize metabolic control
of type 2 diabetes. Increased physical activity can help to decrease insulin resis
tance, lower blood glucose levels, and improve overall health in addition to facili
tating weight loss.

Because of the complex and diverse nature of type 2 diabetes, it is important
to individualize the macronutrient composition of the meal plan based on each
patient's goals, to improve metabolic control and limit long-term complications
of the disease. In patients with hyperlipidemia, a reduction in both total and satu
rated-fat intake is usually recommended to help achieve serum lipid goals and
decrease the risk of cardiac disease. A useful nutrition strategy to both optimize
blood glucose control and improve serum lipid levels is to reduce the carbohy
drate content of the diet to 40-45% of calories and to space meals and snacks
throughout the day. Because carbohydrate-containing foods have the largest ef
fect on blood glucose levels, blood glucose control can often be improved by
spacing the carbohydrate intake at regular intervals. These meal-planning strate
gies can limit the rise in blood glucose levels after meals and snacks and optimize
the benefits of endogenous insulin production and hypoglycemic medications in
blood glucose control. The results of blood glucose monitoring are often used to
adjust the amount of carbohydrates consumed and the timing of meals and snacks
to achieve target blood glucose levels (5).

Because many type 2 diabetic patients are unable to achieve optimal meta
bolic and glycemic control through diet and exercise modifications and oral medi
cations, insulin therapy is often started. However, it is important for both the
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patient and the health-care practitioner to recognize the continued benefits 0

diet, exercise, and lifestyle modifications-too often, patients and health-care
practitioners place less emphasis on meal planning and exercise after a type 2
diabetic patient is started on insulin therapy. The key to achieving blood glucose
targets with the addition of insulin therapy is for the patient to follow a meal
plan with a consistent carbohydrate intake and to eat and exercise at consistent
times each day. Consistent food intake and exercise habits will help match blood
glucose levels with the action of hypoglycemic medications and insulin to achieve
target blood glucose levels and limit hypoglycemic reactions (5).

MEAL-PLANNING STRATEGIES

A meal plan is an individualized guide to daily food choices that incorporates
an individual's food preferences, blood glucose targets, and nutrition goals of
diabetes management. A meal plan is designed to achieve blood glucose goals
by matching food intake-specifically, carbohydrate foods-to the action of oral
medications and endogenous or exogenous insulin. An individualized meal plan
also incorporates other specific nutrition goals, such as a reduction in calorie
level or total and saturated-fat intake to promote weight loss or control serum
lipid levels.

There is no one specific approach to meal planning that will meet the needs
and nutrition goals of all diabetic patients. As part of the initial nutrition assess
ment, the registered dietitian determines the optimal meal-planning approach
based on the needs and goals of the patient. The plan should be easily understood
by the patient and serve as a useful guide to his or her daily food choices. Meal
planning methods are an important tool to help optimize glycemic and metabolic
control for type 1 or type 2 diabetic patients on insulin therapy. Frequently used
meal-planning methods are listed in Table 2.

Patients often begin diabetic meal planning with a simplified approach to
their daily food choices based on a modification of the USDA Food Guide Pyra
mid (see Figure 1). First Steps in Diabetic Meal Planning is a pamphlet (devel
oped jointly in 1995 by the American Dietetic Association and the American
Diabetes Association) that bases the choice of food groups and portion control
on the Food Guide Pyramid (6). Many diabetic patients quickly learn to use this

TABLE 2 Meal-Planning Methods

Food Guide Pyramid
Exchange-list-based meal plans
Consistent-carbohydrate meal plans
Carbohydrate counting
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\

Fruits
(3-4 servings)

A s~rv ing can be:
I small fresh fruit
\I, cup ca>tned fruil
1. cup dried fruit
\I, cup fruil juice

Meat &
Others

(2·J servings)

A :;erving can he:
2-3 DZ cooked lean
m~al, paultry, or
fl.~h

'Ii . % cup tuna or
waage cheese

1 egg
2 tbsp peanul butter

Milk
(2.j servings)

A serving can
be:

I cup milk
1 cup yOsurt

Vegetables
(3-; servings)

A serving can be:
I cup raw vegetables
y, cup cooked vegetables
y, cup tomato or
vegetable juice

Grains I Beans I Starchy Vegetables
(6 or more servin!l')

y, <;up cooked cereal, p~sta,

bulgur, or m;e
',~ cup cooked bean~, l~nllls.

peas. or com
I slllllll polato
I cup winler squash
I;J cup sweet potaw

A serving can be:
I shce bread
Y.. small bagel, English muflln, pIta

bread. hamburger or hat dog bun
I 6-inch tonilia
4-6 crackers
% cup dry cereal

FIGURE 1 USDA Food Guide Pyramid.

pamphlet as a guide to their daily food choices. An individualized diabetic meal
plan can be developed by the registered dietitian to identify healthy food choices
and specify portions of each food group at meals and snacks. Meals and snacks
can be planned with a consistent carbohydrate content spaced throughout the day
to match food intake with the peak action of insulin therapy. The Food Guide
Pyramid can also be used to achieve other nutrition goals such as weight loss
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and controlling serum lipid levels by identifying portion size and emphasizing
low-fat food choices and limited intake of added fats.

As patients move to more intensive diabetes management, they usually
progress to a more intensive program of insulin therapy that includes more fre
quent injections and a combination of different types of insulin to achieve target
blood glucose levels. A more individualized and detailed system of meal planning
is often required. The American Diabetes Association Exchange List~ for Meal
Planning (see Table 3) form the basis for carbohydrate counting and are fre
quently used when a patient desires a meal-planning approach that provides more
detailed information on the macronutrient content of each food group and a more
precise system for measuring food portions. The Exchange Lists for Meal Plan
ning were revised in 1995 to combine the starch, fruit, and milk groups, along
with the new other-carbohydrate group containing sweets and snack foods, into
the Carbohydrate Group. The Meat and Meat Substitute Group was divided into
categories of very lean, lean, medium, and high-fat, and the Fat Group was broken
down into monounsaturated, polyunsaturated, and saturated lists to encourage a
decreased intake of both total and saturated fat (7).

The Exchange Lists for Meal Planning encourage flexibility in food choices
and provide a more precise system of portion control to match the carbohydratel
content of meals and snacks with the insulin therapy. These are used to mom
precisely define the carbohydrate content of each meal and snack for more effec1
tive use of the patient's intensified insulin program. The calorie level along wit~

the protein and both total and saturated-fat content of the meal plan can be mom

lprecisely defined using the exchange system.
"Carbohydrate counting" is a meal-planning system in which the primary

emphasis is placed on the total carbohydrate content of foods rather than on other
macronutrients. The total carbohydrate content of meals and snacks, regardless
of the carbohydrate source, is assumed to have a greater effect on postprandial
blood glucose levels than protein and fat do. Meal plans are developed with a

TABLE 3 Nutrient Content of Exchange Groups

Exchange group

Starch
Fruit
Milk (skim)
Other carbohydrates
Vegetables
Meat (lean)
Fat

Source: Ref. 8.

Carbohydrate (g)

15
15
12
15

5
o
o

Protein (g)

3
o
8

Varies
2
7
o

Fat (g)

Trace
o
o

Varies
o
3
5
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consistent carbohydrate content at each meal and snack to achieve target blood
glucose levels and to form a basis for adjustments in insulin therapy. The total
carbohydrate content of the meal or snack determines the amount of rapid- or
short-acting insulin required for blood glucose control, while the intermediate
or long-acting insulin covers the glycemic effect of protein and fat intake. Adjust
ments in insulin therapy are made based on carbohydrate intake at meals and
snacks, along with the results of blood glucose monitoring to achieve target blood
glucose levels.

The carbohydrate content of each food is precisely measured by either
counting carbohydrate grams or using a modification of the American Diabetes
Association exchange system based on carbohydrate groups or exchanges (8).
Patients choose to count either carbohydrate grams or carbohydrate groups in
which one carbohydrate group is equal to 15 grams of carbohydrate. Meal plan
ning is simplified because food selection is focused primarily on carbohydrates,
and postprandial blood glucose levels are more consistent as a result of the more
precise method to determine carbohydrate intake. Carbohydrate counting can be
used to ensure a consistent carbohydrate intake for a diabetic patient on conven
tional insulin therapy or to make adjustments in pre-meal rapid- or short-acting
insulin doses based on the amount of carbohydrate consumed by patients on inten
sive insulin programs.

HYPOGLYCEMIA ASSOCIATED WITH INSULIN THERAPY

A hypoglycemic reaction can vary in severity and may occur in anyone with
diabetes. Insulin therapy significantly increases the risk, incidence, and severity
of hypoglycemic reactions.

Hypoglycemia can be the result of too much insulin, too little food (i.e.,
skipped or delayed meals and snacks), alcohol intake, or exercise. It can often
be prevented by monitoring blood glucose levels, taking insulin and oral medica
tions as prescribed, following a meal plan, limiting alcohol intake, and planning
extra snacks if needed to cover the hypoglycemic effects of exercise. The symp
toms of hypoglycemia include hunger, headache, irritability, confusion, lethargy,
and, in severe cases, seizure or loss of consciousness. Patients treated with insulin
or oral hypoglycemic medications should know how to recognize and promptly
treat hypoglycemic reactions.

Hypoglycemia should be treated immediately if the blood glucose level is
less than 70 mg/dl, even if the patient is not experiencing symptoms. The pa
tient's first step in treating hypoglycemia is to check his or her blood glucose
level if possible. Foods and beverages that contain quick-acting carbohydrates
are recommended to treat hypoglycemic reactions because foods that are high in
fat take longer to elevate blood glucose levels. Patients should always keep a
source of quick-acting carbohydrate on hand to treat hypoglycemic reactions. If
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TABLE 4 Foods Containing 15 Grams of
Carbohydrate for Treating Hypoglycemia

Tilton

Food source

Glucose tablets
Glucose gel
Hard candy
Fruit juice
Sports drinks
Honey or corn syrup
Raisins
Skim milk
Regular (non-diet) soda

Amount

Three or four
1 tube
4-6 pieces
4 oz
8 oz
1 tbsp
2 tbsp
8 oz
4 oz

the blood glucose level is between 50 and 70 mg/dl, the patient will need to
consume a food or beverage containing 15 grams of quick-acting carbohydrate.
Examples of such foods and beverages and the appropriate amount to consume
are listed in Table 4. This treatment should increase the blood glucose level by
30-45 mg/dl over 15 minutes.

If the initial blood glucose level is less than 50 mg/dl, 30 grams of quick
acting carbohydrate should be consumed. The blood glucose level should be re
checked after 15 minutes and an additional 15 grams of quick-acting carbohydrate
consumed if the blood glucose level is still below 70 mg/dl. If a meal is not
planned within 1-2 hours of treating a hypoglycemic reaction, a snack containing
15-30 grams of carbohydrate should be consumed to prevent another hypoglyce
mic reaction. For many years, consuming a protein-containing snack was recom
mended to prevent recurrent hypoglycemia. However, current guidelines indicate
that this is not necessary (4).

SUMMARY

Nutrition therapy is a key component to the successful management of diabetes
treated with insulin therapy. Whether a patient has type 1 or type 2 diabetes,
nutrition assessment along with the development of individualized nutrition treat
ment goals, and meal plans to achieve those goals, is crucial to the successful
initiation of insulin therapy. There is no longer one single generic diabetic diet
or one approach to meal planning that will meet the needs of all diabetic patients.
The overall goal of nutrition therapy is to improve metabolic control. To this end
it is recommended that nutrition therapy be individualized for all diabetic patients
and based on specific goals to improve metabolic control.
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Physiology of Glucose Homeostasis
and Insulin Secretion

Robert A. Ritzel and Peter C. Butler
University of Southern California, Los Angeles, California

INTRODUCTION

In health, blood glucose concentration is closely regulated. Since low blood sugar
is life-threatening, it is not surprising that there are numerous mechanisms to
prevent hypoglycemia (1). There are fewer systems in place to prevent hypergly
cemia, explaining the relatively high frequency of the clinical syndrome of diabe
tes mellitus. In this chapter we first review the metabolic pathways that regulate
glucose metabolism. We then review the regulation of insulin secretion and, fi
nally, examine how these processes are coordinated to maintain blood glucose
concentration in the fasting and fed states.

METABOLIC PATHWAYS

Blood glucose is constantly being removed into tissues and simultaneously re
plenished, in a process called glucose turnover. Glucose can enter the blood by
absorption from the gut following a meal, or be released from the liver into the
blood. Glucose released from the liver is either mobilized from glycogen stores
(glycogenolysis) or newly synthesized (gluconeogenesis). Together, glycogenol
ysis and gluconeogenesis constitute hepatic glucose release.

61
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TABLE 1 Hormonal Control of Glucose Homeostasis

Growth
Effect Insulin Glucagon Epineph rine hormone Cortisol

Glucose uptake i -1 -1 -1 -1
Glucose production

Glycogenolysis -1 i i i i
GI uconeogenesis -1 i i i i

Hepatic Glucose Release

In the overnight fasted state, the liver has ~50 g of glucose stored as glycogen
(2). Glycogen breakdown to glucose-6-phosphate in the liver is stimulated by
glucagon, epinephrine, growth hormone, and cortisol (Table I) (1). The concen
tration of these hormones increases with duration of fasting. After -40 hours of
fasting, the liver glycogen stores are largely depleted and gluconeogenesis be
comes the predominant source of hepatic glucose release. Gluconeogenesis is the
synthesis of glucose-6-phosphate from three carbon precursors, such as glycerol,
lactate, and amino acids. Both gluconeogenesis and glycogenolysis to generate
glucose-6-phosphate occur in almost all tissues. However, glucose-6-phosphate
cannot be released from the cell into the circulation until the phosphate is re
moved. The enzyme required to facilitate this (glucose-6-phosphatase) is abun
dant in liver but not present in fat or muscle. Therefore, in the fasting state almost
all glucose released into the blood arises from the liver (so-called hepatic glucose
release). In health, after an overnight fast the liver releases glucose at ~2 mg/
kg/min, which approximates the rate of glucose uptake (3). In patients with diabe
tes, fasting hyperglycemia is due to increased hepatic glucose release. The fasting
blood glucose concentration is correlated with the rate of hepatic glucose release,
and so the higher the rate of hepatic glucose release the higher the blood glucose
concentration (4).

It follows that to decrease the fasting blood glucose concentration to normal
in patients with diabetes it is necessary to decrease the rate of hepatic glucose
release to ~2 mg/kg/min.

Glucose Uptake by Insulin-Sensitive Tissues

Glucose is removed from the blood into the extracellular space by passive diffu
sion and then into the intracellular space via membrane glucose transporter pro
teins. Because the glucose concentration in most cells is barely detectable, the
glucose concentration gradient from outside to inside a cell (~90 mg/dl) strongly
favors inward diffusion. However, since glucose is soluble in water but not fat,
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glucose cannot cross the Iipid bilayer cell membrane. To allow this, a water
"pore" spanning the membrane is required. This barrier to diffusion presents an
opportunity to regulate glucose uptake.

Glucose transport into cells is permitted by glucose transporter proteins,
which span the membrane and provide the aqueous pore through which glucose
can pass (5). Distinct forms of these proteins allow for differential regulation of
glucose uptake in different tissues. For example, in muscle and fat tissue the
glucose-4-transporter protein subtype is predominant. Following exposure to in
sulin, the glucose-4-transporter proteins rapidly move to the cell surface, allowing
glucose transport into the cell. This action by insulin to stimulate glucose uptake
in tissues with insulin-sensitive glucose-4-transporter proteins defines muscle and
fat as so-called insulin-sensitive tissues.

However, even in insulin-sensitive tissues, insulin levels are not the only
factor that regulates glucose uptake. Exercise also facilitates glucose transporter
availability at the muscle cell membrane, increasing the rate of glucose uptake
(6). Also, the glucose concentration per se regulates the rate of glucose uptake
(7). At any given insulin level, glucose uptake increases with increasing glucose
concentrations (so-called mass action of glucose). The action of glucose to pro
mote glucose uptake results in increased rates of glucose uptake in diabetic pa
tients, with hyperglycemia versus nondiabetic controls, provided that at least
some insulin is present (8). This increased rate of glucose uptake matches the
increased rate of hepatic glucose release that has caused the hyperglycemia, with
the net effect that the blood glucose concentration remains stable but high.

Glucose Uptake by Insulin-Independent Tissues

Some glucose transporter isoforms do not require insulin in order to be translo
cated to the cell membrane. For example, the glucose-2-transporter protein-the
predominant form in the liver and the endocrine pancreas-remains in the cell
membrane independent of insulin action. As a result, glucose is taken up passively
down its concentration gradient into cells by these constantly available glucose
transporter proteins. This allows the liver to take up glucose when the blood
glucose concentration is high after a meal, and so replenish liver glycogen stores.
Likewise, it allows the pancreatic endocrine cells to "sense" the blood glucose
concentration and release insulin (~ cells) and glucagon (ex calls) accordingly.

INSULIN SECRETION

Proinsulin Biosynthesis, J3-Cell Mass, and Insulin Secretion

Insulin is synthesized in pancreatic ~ cells, where it is processed from its precur
sor, proinsulin, into c-peptide (connecting peptide) and insulin (9). Processed
insulin is stored in insulin vesicles. There are ~2000 ~ cells in an islet and ~ 1
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million islets in the pancreas of an adult human. The ~ cell is shaped like
a truncated cone, with the base of the cell exposed first to the blood flowing
into the islet capillary bed. The membrane at the base of the cell has the glucose
2-transporter proteins that permit glucose access to the cell. Metabolism and
oxidation of this glucose to carbon dioxide and water generate ATP. The in
creased ATP prompts exocytosis of stored insulin vesicles that discharge insu
lin from the apex of the ~ cell into the capillary and then into the portal vein.
Although the prevailing glucose concentration is the best-recognized stimu
lant for insulin secretion, fatty acids are also important regulators of insulin se
cretion.

Evidence is increasing that the ~-cell mass is regulated in adult life with
new islet formation from exocrine ducts as well as ~-cell replication within islets
(10). Chronic insulin resistance leads to an adaptive increase in ~-cell mass. Ani
mals and humans with a partial decrease in ~-cell mass as a consequence of a
partial pancreatectomy have impaired insulin secretion, with an increased proin
sulin-to-insulin ratio suggestive of inadequate processing of insulin. Leahy and
colleagues (11) have shown somewhat paradoxically, that partial inhibition of
insulin secretion can overcome diabetes under conditions of decreased ~-cell

mass. This intriguing observation implies that the pattern of insulin release may
be more important than the absolute amount.

Pattern of Insulin Secretion

Insulin secretion has a diurnal rhythm, with an increased rate of secretion during
the day and decreased secretion at night (12). Also, insulin is secreted in both
an ultradian (13) and a high-frequency pulsatile pattern (14). The ultradian pulses
occur with a frequency of one pulse each 40 minutes, a rate that is decreased in
patients with type 2 diabetes. The high-frequency pulses occur at one pulse per
6 minutes. Almost all insulin is secreted in these high-frequency discrete insulin
secretory pulses. The amplitude of the resulting insulin concentration oscillations
in the portal vein (1000-4000 pmol/L) is very large, but hepatic insulin clearance
results in a marked attenuation of these oscillations by the time they reach the
systemic circulation (amplitude -10 pmol/L) (15). The pacemaker responsible
for generating this high-frequency pulsatile rhythm is unknown, but each islet
independently secretes insulin in a comparable pulsatile manner so the property
must be present within islets. Also, the mechanism that allows the 1 mjJlion islets
to be coordinated to secrete pulses in a synchronous manner is not known al
though the intrapancreatic neural network is believed to be important. Trans
planted islets in the liver secrete insulin in a coordinate fasmon once the islets
have been reinnervated (16).

The significance of these high-frequency insulin oscillations for insulin ac
tion is not fully understood, although there is some evidence that they are impor-
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tant. Clearly, reproducing the insulin-concentration profile present in the portal
vein in humans-either in the fasting state or, particularly, after a meal-would
be impossible with insulin exogenously injected into the subcutaneous tissue or
even the systemic circulation. Consistent with the observations of Leahy and
colleagues that ~-cell rest can overcome diabetes in animal models with a partial
pancreatectomy, overnight ~-cell rest can at least temporarily restore pulsatile
insulin secretion in patients with type 2 diabetes (17). It is therefore rational to
increase insulin sensitivity in patients with a partial decrease in ~-cell mass (such
as those with type 2 diabetes). This strategy is likely to at least partially restore
the pattern of insulin secretion toward normal, and the available evidence sug
gests that the pattern of insulin secretion is important for effective insulin action.

REGULATION OF GLUCOSE METABOLISM IN THE FASTED
AND FED STATE

Fasting

In health, the blood glucose concentration remains remarkably stable even after
prolonged fasting (Figure 1). After an overnight fast, basal insulin concentrations
are relatively low, and insufficient to stimulate glucose uptake by muscle and
fat. Under these conditions glucose uptake is primarily by insulin-independent
tissues such as brain, red blood cells, and the kidney. With fasting, insulin-depen
dent tissues rely primarily on free fatty acids for energy. These free fatty acids
are derived from breakdown of fat stores (triglyceride). Blood glucose remains
constant because the liver releases glucose derived initially from glycogenoly
sis-and, with time, increasingly from gluconeogenesis-at a rate that matches
that of glucose uptake.

The basal rate of insulin is sufficient to constrain the rate of hepatic glucose
release to match that of glucose uptake. In the absence of this basal insulin, the
rate of hepatic glucose release would be much greater and the blood glucose
concentration would increase. The basal rate of insulin is also sufficient to con
strain levels of lipolysis to provide sufficient FFA for oxidation by muscle and
fat. In the complete absence of insulin, lipolysis would occur at much higher
rates and excessive FFA would be converted to ketones in the liver, resulting in
diabetic ketoacidosis (18).

Replacement of Basal Insulin

Basal insulin is provided by either a continuous subcutaneous infusion from an
insulin pump or intermittent injection (daily or twice daily) of insulin formulated
to be released slowly from this site (19). Replacement insulin therapy in the basal
state (between meals and overflight) has the object of constraining hepatic glucose
release to match glucose uptake by non-insulin-independent tissues (Figure 2).
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FIGURE 1 In the fasting state, glucose enters the circulation from the liver
(from stored glycogen or newly formed glucose) and is taken up predomi
nately by non-insulin-sensitive tissues (such as the brain). Relatively little glu
cose is taken up by insulin-sensitive tissues such as muscle. The blood glu
cose is maintained by the actions of insulin to restrain hepatic glucose release
to match the rate of glucose uptake. This is the basal insulin component re
quired in insulin-replacement therapy.

The amount of insulin required to this end varies from person to person (de
pending on hepatic insulin sensitivity). It will also vary according to both the
time of day and the duration of the fast. For example, at night insulin requirements
fall but in the morning they rise. This is presumably a consequence of the circa
dian rhythm of growth hormone and cortisol, hormones that increase the require
ments of insulin by increasing the rate of gluconeogenesis (cortisol and growth
hormone) and glycogenolysis (growth hormone). The advantage of an insulin
pump over injection of a sustained-release form of insulin for provision of basal
insulin supply is that it can be programmed to vary according to these circadian
changes.

Long-acting insulin preparations available for intennittent subcutaneous in
jection include NPH insulin, which requires twice-daily injections; Ultralente
insulin, which results in rather variable day-to-day insulin-concentration pro
files; and recently an insulin analog, insulin glargine, modified to provide a slow
release from the site of injection (20). Some patients prefer not to wear a pump
and prefer intermittent insulin injections. Also, an advantage of the intermit-
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FIGURE 2 Insulin replacement. In health (top panel), blood glucose remains
stable between meals and only increases transiently after a meal (B-break
fast; L-Iunch; and D-dinner or evening meal). This is because the circulating
insulin concentration (middle panel) restrains glucose output between meals
to match glucose uptake (basal insulin) and increases abruptly with meals to
further inhibit hepatic glucose release and stimulate glucose uptake by insu
lin-sensitive tissues (Figure 1). Insulin replacement (bottom panel) is de
signed to reproduce this pattern of insulin secretion. Basal insulin replace
ment (light shaded area) is given by either twice-daily NPH insulin injections
(broken arrows in lower panel) or once-daily Ultralente or insulin glargine or
by a continuous infusion by a pump. The meal-related insulin boluses of insu
lin might be given either as intermittent injections of rapidly acting insulin
(e.g., lispro or aspart insulin) just prior to meals (solid arrows) or as boluses
from a continuous pump.

tent injection oflonger-acting insulin preparations is that the patient is less vulner
able to the sudden loss of insulin availability that occurs with undetected pump
failure.

However, as day-to-day variation in levels of stress, exercise, illness, etc.,
induce variable levels of growth hormone, cortisol, and epinephrine, optimal
basal insulin requirements inevitably vary from day to day as well. Ultimately,
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provision of an optimal basal insulin supply will require a system that responds,
to the prevailing blood glucose (a closed-loop feedback system).

Meal Ingestion

Following a meal, glucose is absorbed over a period of ~ 180 minutes, most
quickly in the first hour (Figure 3). In health, the resulting glycemic excursion
is limited, whereas in diabetes both the peak and the duration of the glycemi;'
response are markedly increased.

In health, following meal ingestion insulin secretion is rapidly increase
through the mechanism of both hyperglycemia and the incretin hormones suc
as GIP and GLP-l (21). In contrast, the glucagon concentration tends to be sup
pressed initially as a consequence of the hyperglycemia but increases later duel
to the rising concentration of circulating amino acids. Both of these hormonal

{;

•,,
,,

Fed-state
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Glucose

FIGURE 3 Fed state-following meal ingestion, glucose enters the circulation
from both the meal and the liver. In health, in response to the resulting incre
ment in blood glucose, there is a prompt increase in insulin secretion (Figure
2). As a consequence, hepatic glucose release is suppressed and glucose up
take by insulin-sensitive tissues such as skeletal muscle is rapidly increased.
As a result of these combined actions, the increment in blood glucose con
centration is restrained and the glucose concentration rapidly restored to
fasting levels. Bolus insulin treatment at meals (Figure 2) seeks to reproduce
these actions.

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



Physiology 69

responses to meal ingestion are abnormal in people with diabetes (22). The post
prandial increment in insulin secretion is blunted in type 2 diabetes and absent
in type 1 diabetes. The basal glucagon levels tend to be higher in patents with
diabetes, and the glucagon concentrations are not appropriately suppressed after
meal ingestion.

In health, the postprandial glycemic response is constrained by extraction
of ~40% of the meal glucose by the liver, suppression of hepatic glucose release,
and stimulation of glucose uptake by insulin-sensitive tissues (muscle and fat).
Theoretically any of these could contribute to the postprandial hyperglycemia in
diabetes. Hepatic extraction of meal glucose is not impaired in diabetes (23).
Glucose is taken up by the liver, provided that at least some insulin is present,
and patients with poorly controlled diabetes tend to have increased rather than
decreased liver glycogen stores.

The primary mechanism subserving postprandial hyperglycemia is failure
to adequately suppress hepatic glucose release. Given the impaired insulin secre
tion after meal ingestion, and failure to suppress glucagon secretion, the failure
to suppress hepatic gluconeogenesis and glycogenolysis is not surprising.

Provided that at least basal insulin levels are present, glucose uptake by
insulin-sensitive tissues is greater in patients with diabetes than in nondiabetics
after meal ingestion, and so impaired glucose uptake is not responsible for post
prandial hyperglycemia. The increased rate of glucose uptake is due to the mass
action effect of glucose to promote glucose uptake in insulin-sensitive tissues
(skeletal muscle, fat) in the presence of some insulin.

Meal-Related Insulin Replacement

In contrast to basal insulin, the primary goal for insulin-replacement therapy after
meal ingestion is to provide insulin with a rapid increase that will as closely as
possible reproduce that seen in vivo from the intact pancreas (Figure 2). With
Regular (soluble) insulin this is problematic because the peak insulin concentra
tion after subcutaneous insulin injection is not achieved until ~2 hours after
injection. Insulin analogs are now available (lispro and aspart) that are formulated
not to form hexamers and so are released rapidly from the injection site, reaching
a peak ~ 30-60 minutes after injection. These analogs are most frequently used
in insulin pumps. Therefore, the most effective means of providing insulin for
meals is either intermittent injection of a subcutaneous injection of a rapidly
absorbed insulin analog or a bolus of insulin from an insulin pump.

Several groups are currently investigating inhaled insulin as an alternative
to meal-related subcutaneous insulin. Absorption is not as fast as with analog
insulin injected subcutaneously, and concerns about possible pulmonary compli
cations will have to be ruled out.
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SUMMARY AND CONCLUSIONS

Ritzel and Butler

In healthy individuals, blood glucose concentration is tightly regulated. Insulin
is secreted in a basal rate between meals that is sufficient to constrain the rate
of hepatic glucose release to match the rate of glucose uptake. After meal inges
tion, the insulin secretion rate is promptly increased and leads to further suppres
sion of hepatic glucose release, increased glucose uptake by insulin-sensitive tis
sues, and restoration of blood glucose levels to fasting levels. In patients with
diabetes, the mechanism of hyperglycemia in the fasting and fed states is excess
hepatic glucose release. This is due to inadequate insulin delivery to the liver
along with hepatic insulin resistance. Treatment strategies to restore the blood
glucose concentration to normal require provision of an adequate amount of insu
lin to appropriately inhibit hepatic glucose release in the basal fasting state and
after meal ingestion.
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Insulin Pharmacokinetics

Steven D. Wittlin, Hans J. Woehrle, and
John E. Gerich

University of Rochester School of Medicine and Dentistry,
Rochester, New York

OVERVIEW

A variety of insulin preparations are now available that differ in times of onset,
peak effect, and duration of action, enabling the clinician to more appropriately
satisfy their patients' requirements in a safe and effective manner (1,2). Insulin,
which first became available for patients with diabetes mellitus in 1922 (3,4),
was originally extracted from porcine and bovine pancreases and differed in struc
ture from human insulin by one and three amino acids, respectively. The early
preparations were dilute (l unit/ml), of crude purity, and short-acting. Patients
had to inject themselves four to six times a day with relatively large volumes,
which made the injections painful. Local cutaneous reactions at injection sites
(inflanunation, lipoatrophy, and lipohypertrophy) were conU110n due to contami
nants. Moreover, because the preparations were antigenic, most patients devel
oped insulin antibodies, which delayed the onset and prolonged the duration of
insulin action. Development of antibodies sometimes caused severe immune insu
lin resistance that necessitated desensitization and the use of corticosteroids or
specifically modified insulins (e.g., sulfated insulins).
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As technology advanced, the preparations were standardized and became
available in concentrations of 40 and 80 units/ml. Insulin in the United States is
now uniformly 100 units/ml (U100). By the 1950s, longer-acting preparations
were developed by adding chemicals to the buffer, which caused microcrystalliza
tion of the insulin, slowing absorption from the subcutaneous space into the blood
(so-called' 'cloudy insulins' '). Zinc was added to the Lente preparations (Lente
and Ultralente), and protamine and a small amount of zinc to NPH (neutral prota
mine Hagedorn) (5). Combining these long-acting preparations with a fast-acting
insulin such as Regular or Semilente permitted fewer injections and improved
dosage individualization. Also, formulations of already-mixed short- and inter
mediate-acting insulins ("premixes") eventually came to market.

In the 1970s, advances in tissue chromatography led to preparations of
higher purity, which markedly decreased antibody generation and immune insulin
resistance, as well as local and systemic reactions. By the late 1980s, manufacture
of human insulin using recombinant DNA technology became possible, so in
most Westernized countries usage of animal insulin has mostly ceased. Human
insulin has a slightly more rapid onset and shorter duration of action than the
animal insulins, although the effect is of modest clinical significance. The one
exception is UltraJente. BeefUltralente, which is no longer available in the United
States, was a peakless insulin that lasted over 24 hours, whereas human Ultralente
has a peak and duration of action that resembles those of animal NPH (peak 8
10 hours, duration 15-20 hours).

With the development of the radioimmunoassay for insulin in 1960, it be
came apparent that the nonnal secretion of insulin was mainly regulated by, and
paralleled, changes in blood glucose levels. With meal ingestion, plasma insulin
levels increase three- to fivefold to peak within 30-60 minutes, and return to
premeallevels within 2-3 hours. Initially, twice-daily (before breakfast and sup
per) injections of mixtures of a fast-acting and intennediate-acting insulin were
used in patients with type] diabetes, who have no endogenous insulin, in an
attempt to simulate the physiological delivery of insulin. Later, this regimen was
improved by using pre-meal injections of Regular or Semilente insulin with once
or twice-daily long-acting preparations such as Ultralente. An alternative to this
"basal-bolus" approach came into use in the 1980s with insulin pumps-contin
uous subcutaneous insulin infusion (CSII)-that deliver a bolus of Regular insu
lin prior to meals superimposed on a basal rate and that can be preprogrammed
to deliver an amount that varies according to the time of day. Regardless of
whether the short-acting insulin was given by syringe, pen, or pump, the resultant
plasma insulin levels and biological effect did not perfectly simulate the nonnal
pattern, because the slow absorption of Regular or Semilente insulin required
that it be taken 30-45 minutes prior to meals for optimal prevention of post
meal hyperglycemia (6). The required delay was inconvenient, and in practice
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few patients actually waited that long. Moreover, the resultant plasma insulin
levels did not generally peak until 60-120 minutes postprandially and remained
elevated for up to 6 hours (7). Therefore, attempts to limit postprandial increases
in plasma glucose by increasing insulin doses often resulted in hypoglycemia
prior to the next meal. This was a serious limitation-it is now well recognized
that hypoglycemia is the rate-limiting factor for achieving optimal glycemic con
trol in patients with type 1 diabetes and in many patients with type 2 diabetes
who take insulin.

Another problem was the variability in the day-to-day insulin profiles of
the available insulins (8,9). The short-acting insulins (Regular and Semilente)
have coefficients of variation in peak levels of 20-30%, whereas the longer
acting preparations (NPH, Lente, and Ultralente) have variations that are twice
as great. Other factors affect the absorption characteristics (Table 1). The one of
greatest clinical significance is variable absorption from different injection sites:
insulin onset is quickest and its duration of action shortest from the abdomen,
followed by the arms and then the buttocks and thighs (10).

The past decade has seen the development of insulins with amino acid
substitutions that alter the absorption characteristics: "insulin analogs," or "de
signer insulins" (11-15). There are now two preparations-lispro and aspart
that are absorbed faster and have a shorter duration of action than Regular human
insulin, and another with a longer duration of action (>24 hours) than Ultralente
that is essentially peakless-glargine (Table 2). These analogs have overcome
many of the limitations of native human insulin: they have excellent day-to-day
consistency in absorption characteristics, their absorption rates are minimally af
fected by the anatomical injection site, and the fast on-off effect of the rapid
acting preparations allows injecting at the time of eating and minimizes postpran
dial hypoglycemia. Thus, in many patients, the analogs have provided the first
opportunity to design insulin programs that mimic normal patterns of physiologi
cal insulin delivery.

TABLE 1 Some Variables
Influencing Insulin Absorption

1. Siteofinjection
2. Local heat
3. Insulin dose
4. Depth of injection
5. Exercise
6. Insulin species
7. Insulin mixtures
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TABLE 2 Action Profiles of Various Insulin Preparations

Wittlin et al.

Type of insulin Onset Peak Duration

Human Regular 15-30 min 120 min 6-8 hr
Lispro insulin 15 min 60 min 3-4 hr
Aspart insulin 15 min 60 min 3-4 hr

Human NPH 2 h 5-7 hr 13-16 hr
Human Lente
Human Ultralente 1 hr 10 hr 20 hr

Insulin glargine 1.5 hr Peakless 24 hr at least

SHORT-ACTING INSULINS

Regular human insulin exists mostly as complexes of six insulin molecules (hex
amers) because of spontaneous self-association, and a smaller proportion of sin
gles (monomer) and doubles (dimers). When given intravenously, Regular human
insulin rapidly dissociates into monomers. However, after subcutaneous injection,
dissociation is much slower. Because insulin needs to be monomeric for absorp
tion from the subcutaneous space into the blood, this slow dissociation delays
the appearance of insulin into the blood, and thus its onset of action (16). As
shown in Table 2, the onset of action of subcutaneously injected Regular human
insulin is approximately 15-30 minutes, its peak action occurs at about 120 min
utes, and the duration of action at doses used clinically is generally between 6
and 8 hours. These values relate to abdominal subcutaneous injection, which is
the preferred site of injection. Absorption from the abdomen is more rapid than
that following subcutaneous injection in the arm, which in turn is more rapid
than that following subcutaneous injection in the thigh (10).

As a result of studying the structural basis for the self-association of human
insulin, analogs with amino acid substitutions were developed that eliminate self
aggregation. Two of these, lispro and aspart, are commercially available (12,15).

Insulin lispro (Humalog) is the result of altering the 28th and 29th B-chain
amino acids from proline, lysine to lysine, proline, which eliminates the ability to
self-aggregate so only monomers exist after injection in the subcutaneous space.
Absorption is thus much faster than with Regular insulin (17). Lispro binds to
the insulin receptor with approximately the same affinity as native human insulin,
but has a slightly higher affinity for the IGF-l receptor. The clinical significance
of the latter remains to be determined. Euglycemic clamp studies in normally
glucose-tolerant subjects reveal that when given subcutaneously, lispro results in
two- to threefold higher peak serum insulin levels sooner (42 versus 101 minutes)
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than Regular, and its duration of action is shorter at 3-4 hours (17). Importantly,
there is no significant difference in total hypoglycemic potency between these
two insulins. Other clinically useful differences from Regular insulin are fewer
anatomical effects on absorption (18), and the time to peak activity is not dose
dependent as it is with Regular (2).

Large clinical trials that compared insulin lispro with Regular insulin have
shown lower postprandial glucose rises in type 1 and type 2 patients with lispro,
although overall glycemic control as measured by HbA IC is not substantially dif
ferent. One explanation may be that lispro is less likely to cause mild hypoglyce
mia than Regular insulin when used in doses that yield comparable postprandial
control in type 1 patients (19-22), which results in a reduced need for between
meal snacks. Also, meta-analysis in type I patients suggests that lispro reduced
severe hypoglycemia (23). No difference in serum lipid concentrations has been
demonstrated. In both type I and type 2 patients, insulin antibody concentrations
with lispro use was no different than with Regular insulin (24). Initial studies in
patients treated with CSII suggest a benefit of insulin lispro over Regular insulin
in reduction of both HbA lc and postprandial glycemia (25,26). In most patients,
doses of lispro and Regular insulin are comparable, although minor adjustments
may be required in individual patients. Insulin lispro should be given up to 15
minutes before a meal (27).

In summary, advantages of insulin lispro are its ease of use with no need
to wait before eating and better prandial control in type I patients with less hypo
glycemia than Regular insulin. Disadvantages relate to the rapidity of onset and
short duration. Type 1 patients may "run out" of insulin if sufficient basal insulin
or mixture with Regular insulin is not used. Finally, its safety in pregnancy has
not been established.

Insulin aspart (Novolog) is similar in concept to lispro, and was created
by substituting aspartic acid for proline at position 28 on the B chain (15,28).
Self-association is decreased similarly to insulin lispro, resulting in a monomeric/
dimeric insulin analog. Because aspartic acid is negatively charged, the lack of
association may be charge-mediated rather than steric. Potency of aspart is similar
to that of human insulin, with approximately 90% binding affinity to the insulin
receptor (29). Also, binding to the IGF-I receptor is similar to human insulin.

Insulin aspart is absorbed twice as fast as Regular insulin (30). Site effects
in terms of absorption and glucose-lowering action are negligible (31). The peak
insulin levels attained are approximately twice as high for aspart versus Regular
insulin at 52 minutes and 109 minutes, respectively. The duration of action is
3-4 hours. A study comparing aspart and lispro showed no major clinical differ
ences (32).

A brief clinical trial of insulin aspart versus Regular insulin showed the
expected reduction in postprandial glycemia (33). However, after I month no
difference in fructosamine (a measure of overall glycemia like HbA lc , but for
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the last 7-10 days) was noted. A longer, 6-month trial showed a small 0.15%
reduction in HbA lc with insulin aspart versus Regular, the former being given
at mealtime and the latter 30 minutes before meals (34). Also, there were fewer
episodes of severe hypoglycemia.

Overall, the pharmacodynamics of lispro and aspart in terms of rapidity
of action and short duration are similar, and, not surprisingly, their advantages,
disadvantages, and how they are used are comparable. Both appear to reduce
postprandial glycemia and lessen the risk for hypoglycemia. Both should be ad
ministered 0 to 15 minutes before a meal, and no dosing adjustment is generally
made when switching from Regular insulin to aspart or lispro. Studies support
the use of either in insulin pumps (25,26,35). In contrast, there is no advantage
of the monomeric analogs during intravenous infusion, which should probably
be reserved, at present, for Regular insulin.

INTERMEDIATE-ACTING INSULINS

The initial purpose for the development of long-acting insulin preparations was
to minimize the number of daily injections needed for glycemic control. Ideally,
the action of such an insulin preparation should reflect naturally occurring
changes in insulin requirements throughout the day. This would be particularly
important during the overnight period, when longer-acting insulins are required to
suppress endogenous glucose production. Additionally, the kinetics and dynamics
should be highly reproducible so that day-to-day variation in absorption/activity
is as low as possible.

Two intermediate-acting insulins have been widely used: the zinc-precipi
tated Lente insulin and the protamine-precipitated NPH insulin (5). Although
pork insulin preparations are still available, since the introduction of human insu
lin to the U.S. market the use of animal insulin has markedly decreased. Overall,
human insulin has a somewhat earlier peak of onset and shorter duration of action
compared with pork insulin. However, the clinical implications of this finding
are probably small; clinical studies have shown essentially equivalent glycemic
control with pork and human insulin. Only human insulins are discussed in the
remainder of this section.

LENTE INSULIN

Lente insulin was invented in 1952 by Hallas-Moller (36), who observed that
the addition of zinc in the presence of acetate buffer at neutral pH caused insulin
to crystallize, markedly prolonging its action after subcutaneous injection. Two
forms of insulin appear: an amorphous precipitate called Semilente, which has
a duration of action similar to that of Regular insulin, and stable crystals of insulin
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called Ultralente. Commercial preparations of Lente insulin are standardized to a
mixture of 30% Semilente and 70% Ultralente. Early formulations of this mixture
combined beef and pork insulin, because the conditions caused the porcine insulin
to become amorphous and the beef to crystallize (5). Human Lente is now avail
able. Its kinetics of action are similar to those of NPH, although it peaks a little
more slowly than the NPH, and a biphasic pattern in the systemic insulin appear
ance of Lente insulin has been described, probably due to the different kinetics
of the amorphous and crystalline compounds. Duration of action is 13-16 hours,
and the maximal blood-glucose-lowering effect is seen around 6 hours after injec
tion. It is noteworthy that the zinc insulins are not miscible with non-zinc insulins
such as Regular or NPH, because the high zinc content can lead to unpredictable
microcrystallization and prolongation of the effect of the non-zinc insulin.

NEUTRAL PROTAMINE HAGEDORN INSULIN

The most commonly used intermediate-acting insulin is neutral protamine Haged
orn (NPH) insulin (isophane). It was developed in the Novo-Hagedorn labora
tories in Denmark in 1946 by Krayenbuhl and Rosenberg (37), based on the
original observation of Hagedorn that insulin's effect was prolonged when com
bined with proteins such as protamine (38), and that of Scott and Fisher showing
that small amounts of zinc lengthened the action of protamine insulin (39). NPH
contains equal amounts of protamine and insulin with a small amount of zinc at
neutral pH. Protamine is a basic, highly negatively charged protein derived from
fish spenn. It is essentially nonimmunogenic. The commercial preparations of
NPH are a suspension of oblong tetragonal crystals with essentially no unprecipi
tated (Regular) insulin (5). Because of the symmetric, even structure of the insu
lin-protamine crystals, and because protamine and insulin are used in equimolar
amounts, the term isophane (Greek iso, "even" and phane, "appearance") is
often used for this insulin preparation. For both fonns of crystallized insulin
(NPH and the Lente), the insulin crystals may sediment soon after agitating the
bottle. To ensure accurate dosing, then, care must be taken to gently, but thor
oughly, mix the vial prior to drawing it up in the syringe. Sedimentation of insulin
crystals may in part explain the described day-to-day variability of insulin action
for the longer-acting insulins. Also, commercially available NPH preparations
contain very small amounts of nonbound protamine-too little to bind significant
amounts of Regular insulin when mixed with the NPH-so NPH-Regular mix
tures are much more stable than Lente- or Ultralente-Regular mixtures. This
has allowed development of commercial fixed mixtures of NPH and Regular
insulin. In the United States, 70/30 and 50/50 (%NPH/%Regular) are available,
while in other parts of the world many more proportions are obtainable. The
onset of action and duration of the preparation depend on the relative amounts
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of NPH and Regular insulin in the mixture. In general, the more NPH, the later
the onset and the longer the duration of action. A similar mixture using 75%
neutral protamine lispro (NPL) and 25% lispro has recently been marketed.

The absorption of both NPH and human Lente insulin follows a monoexpo
nential course, as does Regular insulin. For the most part, there seem to be no
clinically important differences in absorption between these two insulin prep
arations. although NPH insulin has been reported to have a somewhat faster
onset and shorter duration (40). Both insulins after subcutaneous injection have
a slow on-off pattern that is interspersed by a considerable peak, plus there is
a large day-to-day variability of up to 50% for both NPH and Lente (9). It there
fore seems that neither Lente nor NPH fulfills the criteria for an ideal basal in
sulin.

In summary, NPH and Lente have been mainstays of insulin regimens for
a half-century. They provide basal insulin coverage, but at a price: absorption is
variable, they have a distinct peak, and human preparations generally last for
considerably less than 24 hours. necessitating multiple injections.

LONG-ACTING INSULINS

The long-acting insulin used in the United States is Ultralente. As indicated
above, it is an insulin-zinc crystalline preparation that was developed to be a
basal, long-acting insulin because in animal fonn its duration of action when
injected subcutaneously exceeds 24 hours and is relatively peakless. Because
human Ultralente is more soluble, its duration of action is significantly shorter
(Table 2). In a recent study (9), human Ultralente was shown to have an onset
of action of 1.0 ::':: 0.2 hour and a duration of action of 19 ::':: 5.8 hours. Peak
action was at 10-12 hours. Moreover, the intersubject variability was twice that
seen with a subcutaneous insulin pump. Other sources show that intrasubject
variability is very high with Ultralente. Disappointingly, when twice-daily Ul
tralente was compared to twice-daily Lente insulin in 66 patients in a double
crossover study, the major clinical difference was more severe hypoglycemia
with Ultralente treatment, mostly between 5 A.M. and breakfast (41).

Because of the above-indicated drawbacks of NPH, Lente, and Ultralente
as basal insulins, long-acting insulin analogs have been developed to try to better
mimic physiological basal insulin secretion. The only commercially available
long-acting analog at the time of thjs writing is insulin glargine (14). It is pro
duced by modifying insulin at position 21 of the A chain by substituting glycine
for asparagine, and also at the amino-tenninus of the B chain by adding two
arginines. This shifts the isoelectric point, causing glargine to be virtually insolu
ble at a physiological pH. It is kept soluble within the bottle by using a buffer
with a pH of 4. When injected into the neutral pH of the subcutaneous space,
glargine precipitates, markedly delaying absorption. The result is a nearly peak-
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less insulin analog, with onset of action in 2-4 hours and a duration of action
more than 24 hours. In the previously mentioned study of Lepore at al. (9), glar
gine's onset of action was 1.5 :::': 0.3 hours and duration 20.5 :::': 3.7 hours. Plus,
its effect was essentially peakless, and there was no fall-off in action at 24 hours.
Intersubject variability was ~60% that of NPH.

Three clinical trials with insulin glargine for type 1 diabetes have been
published. A phase 3 multicenter trial that compared glargine and bolus lispro
with NPH and bolus lispro showed lower fasting blood glucose levels and more
patients reaching target fasting glucose in the glargine group. Further, the glargine
group showed less variability in fasting blood glucose and less weight gain (42).
A 28-week study by Ratner et al. (43) compared glargine and NPH for basal
insulin coverage. It showed a greater reduction in fasting plasma glucose, and
there were fewer episodes of symptomatic or nocturnal hypoglycemia in the glar
gine group. A 4-week trial by Rosenstock et al. (44) showed better control of
fasting blood glucose with glargine than with NPH.

In type 2 diabetes, a I-year study compared bedtime NPH and bedtime
glargine in 426 patients failing oral agents, and showed similar improvements in
HbA lc but less nocturnal hypoglycemia and lower post-dinner glucose levels in
the glargine group (45). Rosenstock et at. (46) performed a 28-week open-label
trial in patients with type 2 diabetes who were already taking NPH so they contin
ued the NPH or were switched to glargine. Once-daily bedtime glargine was
found to be as effective as once- or twice-daily NPH in terms of glycemic control,
with a lower risk of nocturnal hypoglycemia and less weight gain.

Compared to NPH insulin, glargine causes more pain at the injection site
(as many as 6.1 % of patients versus 0.3% for NPH), which may reflect its mild
acidity. Glargine is clear, whereas other long-acting insulins such as NPH and
the Lentes are milky, requiring care in the labeling and in patients' handling of
the glargine vials. It cannot be mixed with other insulins because of the need to
keep the pH at 4 to preserve solubility for injection. It has 60% of the lipogenic
potency of human insulin but 783% the mitogenic potency (29). The mitogenic
potency has, thus far, not been a clinical problem but long-term follow-up is
needed. A problem-not unique to glargine-is that its profile does not perfectly
mimic the dawn phenomenon seen in some patients with type I diabetes. Regard
less, insulin glargine appears to provide a more predictable, longer-duration,
peakless profile compared with the other available basal insulins (9,47).

SUMMARY AND CONCLUSION

The major short-acting insulin and analogs are Regular, aspart, and lispro. Aspart
and lispro have a faster onset and shorter duration of activity that more closely
mimic the "normal" insulin response to a meal, which is viewed as their major
advantage. However, somewhat paradoxically, their major drawback is also the
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short duration, which may result in periods of "underinsulinization" in some
patients with type 1 diabetes. This may be obviated by the longer-acting analog
insulin glargine (42-44,47). The latter has a longer duration and is more predict
able than the other intermediate- and longer-acting insulins: NPH, Lente, and
Ultralente. Newer analogs are in development to address problems of stability,
variability of absorption, and selectivity. An example is Insulin detemir (Lys
B29 [N£-tetradecanoyl] des B30) human insulin. In the presence of zinc and phenol
it is mainly hexameric, and it also has a fatty-acid side chain. This results in
aggregation of hexamers, resulting in a slowly and more predictably absorbed
insulin-like molecule (48). It is less potent than NPH, but less mitogenic than
insulin glargine (29). Hopefully, newer analogs will provide even better tools for
mimicking the physiological insulin profile.
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Intensive Insulin Therapy in Type 1
Diabetes Mellitus

Jack L. Leahy
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

There are few bigger challenges for medical practitioners than taking care of
patients with type 1 diabetes mellitus. The difficulties are numerous. Glucose
homeostasis is normally controlled by a complex physiology of precise variations
in insulin secretion that exactly counter the wide swings in nutrient intake, physi
cal activity, and stress of modern society. Attempts over the years to approximate
this system using subcutaneous insulin have suffered from insulin preparations
that lack the pharmacokinetics of the normal system. In addition, the average
physician received little training in insulin usage during his or her internship and
residency, and there have been few CME programs in this area. Also, there is a
clear understanding by most physicians that if they aggressively push insulin
doses to tolerance, the result too often is hypoglycemia that can vary anywhere
from annoying to life-threatening. Finally, patients are not always advocates for
their care; sometimes the attitude is "The fewer shots, the better" or "I feel
great, so why must I do so many finger sticks?" The net consequence is that
premixed insulins are the most prescribed insulin preparations in the United
States, and national surveys continue to show distressingly high HbA]c values.
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To paraphrase Bob Dylan, "The times, they are changing." A number of
events occurred in the 1990s that provided us the tools, know-how, and incentive
to do better. Best known is the demonstration in both type 1 and type 2 diabetes
of the benefits of intensive glycemic control for the prevention of microvascular
complications (1-3), a fact that is understood and expected by many patients.
Parenthetically, the long-term risk of suboptimal glycemic control, which was
also made obvious by these studies, underlies the diabetes treatment guidelines
and performance measures that have become widespread. New insulin prepara
tions are now available that better appro.umate normal insulin secretion (4-7;
reviewed in Chapter 6)-intensive treatment programs (often termed "basal
bolus") that combine these insulins into physiologically correct 24-hour insulin
exposure are increasingly being used. Also, insulin-delivery systems (pens, syrin
ges with "skinny" and short needles, pumps) and blood glucose monitoring
equipment have become easier to use, more reliable, and less painful.

This chapter is intended to demystify insulin therapy in type 1 diabetes
(and diabetes in general) by providing a conceptual framework for what to do
and how to do it. This is not to say it is easy. Obtaining the target HbA Ie (generally
less than 7%) without significant hypoglycemia in a patient with type I diabetes
often requires a team of experts-physician, registered dietician (RD), and certi-i
fied diabetes educator (CDE)-to analyze diet and lifestyle practices and looki
for clues to day-to-day variations in glycemia. Whether the primary physicianl
or a diabetes specialist is the main caregiver will depend on many factors. Thisl

chapter does not dictate who it should be. What it does espouse is that insulinl
programs be used that are based on the unique diet, exercise, and work habits!
of each patient, i.e., that we get away from the one-size-fits-all approach to insulin
treatment. Patients may go through a difficult time for a while trying to cope
with all the things asked of them with an intensive treatment program. However,
over the long term, they will have a better understanding of their diabetes and
how to manage it, and a greater chance for a life unencumbered by hypoglycemia
and end-organ complications.

NORMAL INSULIN SECRETION

A key principle for physiological insulin delivery is to mimic the normal pattern
of ~ cell function as closely as possible. Figure 1 shows insulin secretion in a
healthy individual, measured every 10 minutes over a normal 24-hour period that
included three standard meals-the top panel shows the actual data; the bottom
panel is a stylized version used in this chapter as insulin programs are discussed.
The multiple arrows in Figure IA are large spikes of insulin secretion that occur
every 1-3 hours and are called "ultradian oscillations"; the study from which
the figure was taken investigated these oscillations (8). Instead, view the figure
for the 24-hour pattern of insulin secretion.
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FIGURE 1 Insulin secretion measured in a healthy individual every 10 minutes
over a normal 24-hour period that included three standard meals. The top
panel is the actual data taken from Ref 8. The multiple small arrows identify
large spikes of insulin secretion that occur every 1-3 hours, called ultradian
oscillations; the study from which the figure was taken investigated these
oscillations. The bottom panel is a stylized version of the same data for use
in Figures 2 and 3, which pertain to insulin treatment.
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The following features of Figure 1 should be noted:

• There are three large peaks of insulin release that rise rapidly and then
wane over 2-3 hours, corresponding to the meals. Also evident is a rela
tively constant secretion of insulin over the 24-hour period that is not food
related. The latter is critically important during the night and between meals
to regulate glucose output from the liver; without it, hepatic glucose release
increases markedly, resulting in high fasting and pre-meal blood glucose
levels. These two components as applied to insulin treatment are termed
"basal" (non-food-related) and "bolus" (meal-induced) insulin secretion.

• Quantitative insulin release for the meals is similar. This seems counterintu
itive since caloric intake for supper is generally many-fold that for break
fast. The explanation is the "dawn phenomenon"-a lowering of tissue
insulin sensitivity in the early morning hours because of the nighttime diur
nal rise in cortisol and growth hormone. Thus, we require more insulin
secretion/injected per breakfast calorie than for supper. This underlies the
confusion of many new insulin users about why the breakfast dose of rapid
insulin typically equals or exceeds that for supper. It also explains why
persons who use carbohydrate counting to determine meal insulin doses
often use a lower ratio of grams of carbohydrate/insulin unit for breakfast
than supper.

• Insulin secretion returns to the basal rate between meals. In other words,
people are not designed to have much circulating insulin between meals.
This has important implications for the common usage of breakfast-time
NPH in the United States, which produces a nonphysiological sustained
insulin effect from midmorning to late afternoon, necessitating between
meal snacks to prevent hypoglycemia.

A useful analogy is that people function like an automobile in terms of
insulin secretion/needs-idle between meals, with a rapid burst when the pedal
is pushed by an influx of foodstuffs. In the average person, about half of the
insulin released in a day is meal-related, the other half is basal. This fact is often
used in the design of insulin programs: 50% of the insulin is given as basal
coverage and the other 50% at meals. However, these proportions can be varied
according to the habits of the individual. Males in their late teens and early 20s
often consume huge numbers of calories in many snacks and meals such that
food-related insulin needs far exceed basal insulin needs. Similarly, in highly
physically active, insulin-sensitive individuals, the amount of basal insulin can
be modest compared to that at meals. Thus, both meal-related and basal insulin
needs must be met/or an insulin program to work, and caregivers need to know
their patients' dietary habits (meal sizes, times, snacks, variations) and exercise
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patterns (when, what, how often) as well as other relevant factors (work shifts,
alcohol) when designing an insulin regimen.

BASAL-BOLUS INTENSIVE II\1SULlI\I THERAPY

What Is Basal-Bolus Insulin Treatment?

Basal-bolus coverage combines the available insulin preparations (Table I) into
programs that take into account the unique dietary, exercise and other habits of
your patient to mimic as closely as possible physiological insulin delivery-i.e.,
provide insulin in approximately the correct amount when needed, and not pro
vide it when unnecessary-in order to attain near-normal daytime and nighttime
glycemia. By necessity, multiple shots and frequent self-blood-glucose monitor
ing (SBGM) are required. Diabetes education is also a core element along with
dietary instruction in how to regularize nutritional intake or, alternatively, how
to use analysis techniques such as "carbohydrate counting" to determine insulin
dosages for meals (see Chapter 4).

Who Is Eligible?

Every person with type I diabetes should be a candidate for intensive insulin
therapy unless there is a contraindication. Exclusions can be medical (history of
severe hypoglycemia, too old or too young, illnesses in which hypoglycemia
could be life-threatening such as severe coronary, cerebrovascular, or hepatic
disease) or nonmedical (unwillingness or inability to follow the program, drug
or alcohol abuse, etc.). However, it must be emphasized these factors do not de
facto exclude a candidate. There are many elderly patients who do spectacularly
well on multi shot insulin programs, and many persons with debilitating hypogly-

TABLE 1 Pharmacokinetics of Subcutaneous Insulin

Insulin Onset Peak action Duration

Short-acting
Lispro/aspart 5-15 min 1-2 hr 3-4 hr
Regular 30-60 min 2-4 hr 6-8 hr

Intermed iate-acting
NPH 1-3 hr 5-7 hr 13-16 hr
Lente 1-3 hr 4-8 hr 13-20 hr

Long-acting
Ultralente 2-4 hr 8-14 hr <20 hr
Glargine 1-2 hr Peakless >24 hr
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cemia on a standard insulin regimen who see a major improvement when
switched to a physiologically correct program. Thus, most patients with type I
diabetes should be receiving intensive insulin therapy.

What Are the Goals and Risks?

The blood glucose goals of the American Diabetes Association (9,10) are shown
in Table 2. The listed HbA Ie of less than 7% is accepted around the world based
on the findings of the Diabetes Control and Complications Trial (DCCn per
formed in type I diabetes (see Table 3), which showed an acceptable balance of
protection against microvascular complications versus risk of severe hypoglyce
mia with this HbA\c level (1). Equally important is to prevent rigidity of lifestyle
by providing flexibility for exercise, sports, diet, work, travel, or whatever the
patient wants for a happy life.

The caregiver also needs to know the risks and problems with intensive
insulin therapy so they can be openly discussed with the patient. Best known is
the potential for hypoglycemia. The DCCT reported a threefold increase in severe
hypoglycemia, which was defined as requiring aid from someone else, and a
threefold increase in hospitalization for hypoglycemia, in patients with HbA,c of
7.2% versus 8.9% (1). Several subgroups were at particularly high risk: adoles
cents, males, those without residual c-peptide, and those with a prior history of
severe hypoglycemia (11). The most important clinical predictor for high-risk
patients is the presence of hypoglycemia unawareness-patients report that
their reactions have changed so they no longer feel the sweats, shakes, or pound
ing heart (i.e., loss of the catecholaminergic symptoms) but instead experience

TABLE 2 Goals for Glycemic Control Recommended by the American
Diabetes Association

Additional
Normal Goal action suggested

Whole-blood values (mg/dl)a
Average preprandial <100 80-120 <80, >140
Average bedtime glucose <110 100-140 <100, >160

Plasma values (mg/dl)b
Average preprandial <110 90-130 <90, >150
Average bedtime glucose <120 110-150 <110, >180

HbA,c(%)C <6 <7 >8

, Measurement of capillary blood glucose.
b Values calibrated to plasma glucose.
, HbA" is referenced to a nondiabetic range of 4.0-6.0%.
Source: Ref. 9.
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TABLE 3 The Diabetes Control and Complications Trial
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The DCCT (1985-1993) assessed the relationship in type 1 diabetes between blood
glucose control and development/progression of microvascular complications. There
were two groups: primary intervention (up to 5 years of diabetes with no known reti
nopathy) and secondary intervention (up to 15 years of diabetes with mild retinopa
thy). Source: Ref. 1.

Design
Intensive regimen

Conventi ona I

Results
Retinopathy

Nephropathy

Neuropathy

Macrovascu lar

Problems
Weight gain

Hypoglycemia

Minimum of three shots/day or a pump (35% used
a pump)

Four blood glucose measurements/day +1/week at
3 A.M.

Blood sugar guidelines
70-120 mg/dl (3.9-6.7 mM) before meals
<180 mg/dl (10 mM) 1-2 hr after a meal
>65 mg/dl (3.6 mM ) at 3 A.M.

Attained HbA,c of 7.2% (normal <6.05%)
One or two insulin injections/day, no or only

occasional self-blood-glucose monitoring
Attained HbA,c of 8.9%

Primary intervention: 50% incidence with
conventional, 15% incidence with intensive
therapy

Secondary intervention: 54% less progression with
intensive therapy and 54% less need for laser
therapy with intensive therapy

Primary intervention: rare events, not significant
Secondary intervention to microalbuminuria: 40%

conventional, 25% intensive, and to overt
proteinuria: 10% conventional, 5% intensive

Overall, 35% less microalbuminuria, 54% less
proteinuria

Primary intervention: 10% conventional, 3%
intensive

Secondary intervention: 16% conventional, 7%
intensive

Overall, 61% reduced
No statistical difference between conventional and

intensive treatment groups because too few
events in either group-44% fewer events in
intensive group

Intensive group gained an average of 10 Ib (4.5 kg)
versus 5 Ib in conventional group

Threefold increased incidence of severe
hypoglycemia



94 Leahy

subtle changes in mentation, ability to concentrate, or personality (discussed in
Chapter 13). Its presence is not necessarily a contraindication for intensive insulin
therapy, but these patients must be watched carefully for blood sugars of 30 or
40 mg/dl in their logbooks that may not be perceived by the patient as particularly
problematic. Also, as extensively discussed in Chapter 13, recurrent hypoglyce
mia has been identified as an important cause of the impaired insulin counterregu
lation that leads to hypoglycemia unawareness. Indeed, it was observed some
years ago that intensive insulin therapy elicited this effect in otherwise healthy
patients with type 1 diabetes (12,13). However, as the importance of hypoglyce
mia's impairing insulin counterregulation became known, prevention of hypogly
cemia became a prime goal when practicing intensive insulin therapy. Further, it
is now understood that intensive insulin therapy is based on physiological insulin
delivery that mutes both the hyper- and hypo- swings in glycemia. Indeed, a
basal-bolus regimen is now often recommended for patients who are experienc
ing major hypoglycemia. Patients need a balanced discussion of this issue. For
some, fear of hypoglycemia can be a major issue that stops them from fully
following the prescribed diet and insulin program. They need to know that this
may, paradoxically, worsen swings in glycemia and problems with hypoglyce
mia. Also, preventive measures need to be in place. Patients should be taught
that alcohol and exercise can promote hypoglycemia, a bedtime snack is strongly
recommended, and a glucagon emergency kit should be kept in the house and
perhaps at work. To summarize, in many patients, an intensive insulin regimen
has no major detrimental effect and may even alleviate problems with hypogly
cenua.

The DCCT noted an average lO-pound weight gain in the intensively
treated group versus 5 pounds in the group with conventional treatment (1). Pa
tients with type 1 diabetes are usually of relatively normal weight and share the
same body consciousness as young people in general-weight gain (or fear
thereof) at times is the main factor that limits a patients willingness to undergo
intensive therapy. The weight gain is multifactorial, including lessening of gly
cosuria, increasing calorie intake to treat or prevent hypoglycemia, and reversing
the catabolic effect of poorly controlled diabetes. As glycemia is optimized, it
is important to work with a dietitian to develop a meal plan for weight mainte
nance. Also, a major focus of "tweaking" the regimen once it has been started
is to minimize hypoglycemia. In addition, it should be pointed out to the patient
that basal-bolus regimens generally minimize or eliminate between-meal snacks,
which helps with weight control.

Intensive glycemic control occasionally worsens pre-existing retinopathy
(14), but the effect is generally short-lived and without functional significance
although proliferative retinopathy and blindness have rarely been reported. It is
suggested that patients with known retinopathy be evaluated by an ophthamolo
gist prior to starting an intensive insulin program, and frequently thereafter.
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HOW TO START BASAL-BOLUS THERAPY

Step 1: Minimize Variables

95

The previous section emphasized the importance of exercise and dietary habits
for the timing and amount of needed insulin. Modern life for many people en
tails substantial day-to-day variations in eating and exercise. When beginning
an insulin program, regularize these factors as much as possible, at least for
the short term until the insulin program and approximate doses have been estab
lished.

• Have a detailed discussion with the patient about his normal day and how
it is affected by habits, hobbies, sports, work, weekends, travel, etc. Identify
the variables. Emphasize uniformity at work-avoid varying shifts, work
trips, wide swings in physical work, and other changes during the transition
onto insulin. Have the patient postpone vacations, stressful family events,
and other nonessential happenings.

• Patients should see a registered dietitian for evaluation of their eating hab
its, and to be educated in the importance of consistency in their meals.
The concept of carbohydrate counting can also be introduced (discussed
in Chapter 4).

• Patients should receive basic diabetes education, preferably from a CDE,
covering SBGM, proper injection technique, how to mix insulins if rele
vant, and how to recognize, avoid, and treat hypoglycemia.

• Identify factors that might influence insulin absorption-and thus kinetics
of the insulin effect-such as massage, heat, and exercise. Also important
is where one injects; insulin onset is quickest and its duration of action
shortest from the abdomen, followed by the arms, then the buttocks and
thighs. Practically, I generally recommend using the abdomen during the
day and the thighs or buttocks for the bedtime injection.

• It is generally prudent to eliminate strenuous exercise for a while; when
this is not possible, emphasize regularity of exercise in terms of intensity,
timing, and doing it daily. Educating the patient about the effects of exercise
on insulin dosing and absorption, risks of hypoglycemia and its avoidance,
the best time to exercise, etc., will help avoid later confusion over the effect
of variable exercise on the patient's glycemic response to the new insulin
program.

Step 2: Involve the Patient

The patient should have a role in establishing the treatment goals. Carefully dis
cuss what you are doing and why. Identify what the patient wants to accomplish.
You want a partnership with your patient that agrees on the desired goals and
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how they will be tracked, celebrates the same successes, and shares the same
standards of when "good is not good enough."

Step 3: Establish the 24-Hour Insulin Dosage

Next is calculation of the approximate 24-hour insulin need. It is done on a unit
per-kilogram basis by multiplying the body weight in kilograms by a factor that
takes into account the patient's tissue insulin sensitivity. Suggested conver
sion factors are shown in Table 4. Thus, a 28-year-old 70-kg man who bikes or
plays tennis on a daily basis would be started on 21 units of insulin per day (0.3
units/kg), while a man of the same age and height with a sedentary lifestyle
would receive 35 units (0.5 units/kg). Other factors, such as eating habits, are
considered but in more of a qualitative way-if that inactive patient is a "big
eater" (maybe not gaining weight because of the out-of-control diabetes), then
a slightly higher conversion factor (0.6 units/kg) might be tried, resulting in
42 units. In contrast, pre-existing impaired renal function would result in less
insulin because of the reduced insulin clearance. The same approach would
be taken if there is another illness that poses a danger with hypoglycemia such
as severe cardiac, cerebral, or hepatic disease. Young people (arbitrarily, less
than 30 years old) with new-onset type I diabetes are usually given less insulin
as they typically experience a rather substantial reduction in insulin needs after
starting insulin therapy ("honeymoon period"); a starting insulin dosage of 0.3
units/kg is suggested. Clearly, this is an inexact science, but it is a necessary
starting point for calculating the initial insulin doses. After starting, doses are
adjusted based on the SBGM results. It is obviously preferable to err on the low
side with the starting doses, and use the SBGM results to adjust the insulin dos
ages upward.

Step 4: Choose the Insulin Program and Calculate
the Starting Insulin Doses

Several insulin programs are based on a basal-bolus approach. Three are shown
in Figure 2, and are discussed in detail below: Ultralente and pre-meallispro or
aspart; glargine and pre-meal lispro or aspart; and pre-meal Regular and NPH at
bedtime. Daytime NPH, which remains very popular in the United States, is also
discussed; however, most expelts view this program as not allowing intensive
insulin coverage in the average patient with type 1 diabetes. Pluses and minuses
of each programs are discussed, and specifics on how to calculate the starting
insulin doses are provided. The patient should be presented with the different
programs and choose the one that is of most interest and fits best with his or her
lifestyle.
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FIGURE 2 Basal-bolus insulin regimens showing the number of injections and
time of administration relative to meals (B = breakfast; L = lunch; S = supper)
and bedtime (HS). (Top) twice-daily Ultralente insulin and mealtime rapid
acting analog. (Center) bedtime glargine and mealtime rapid-acting analog.
(Bottom) pre-meal Regular insulin and bedtime NPH insulin. The shaded area
depicts the normal 24-hour pattern of insulin secretion from Figure 1. Insulin
levels from each program are shown as broken or solid lines based on the
pharmacokinetics of the different insulin preparations. Convergence of the
perimeter of the shaded area and the insulin lines indicates correct insulin
activity. Nonconvergence is too little, or too much, insulin effect.
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INSULIN PROGRAMS

Leahy

Ultralente and Pre-Meal Lispro or Aspart

Advantages

• Provides flexibility for varying dietary habits
• Short duration of action of lispro and aspart results in fewer between-meal

"hypos"
• Insulin coverage for snacks or extra meals is easily provided by additional

injections of the rapid-acting insulin
• No waiting time between the lispro or aspart injection and the meal

Disadvantages:

• Ultralente is the most variable of the available insulin preparations in terms
of day-to-day consistency in insulin kinetics, and thus glycemic control

• Nocturnal hypoglycemia in some patients
• Difficult to compensate for variance in physical activity

Program

The use of Ultralente insulin for basal coverage and a rapid-acting insulin at
meals has been the mainstay approach for intensive insulin therapy in the United
States for many years. Figure 2A shows how it is generally done: Ultralente with
lispro or aspart when beginning breakfast, lispro or aspart at lunch, and Ultralente
with lispro or aspart at supper. Before the rapid-acting insulin analogs became
available, Regular insulin was used for the mealtime coverage, and it was gener
ally recommended that the Ultralente and Regular insulins be given as separate
injections (five shots per day) to avoid the effect of Ultralente's slowing the
kinetics of action of the Regular (15). This is now a moot issue because lispro
and aspart are resistant to this effect (three shots each day). Also, the analogs
provide other important benefits such as no waiting time between the injection
and eating the meal, and a shorter duration of action for more focused meal
time insulin delivery and less risk of between-meal hypoglycemia than Regular
insulin.

It confuses some practitioners that Ultralente is given twice daily, because
they were taught it has a 24-36-hour duration of action. That was when the
insulin in Ult1'alente was of beef origin. Human-based Ultralente has been avail
able for several years, and its duration of action is considerably shorter. Further,
many physicians believe that Ultralente is a peakless insulin when in fact there
is a sizable peak effect, as shown in Figure 2A, that causes some patients to
experience nocturnal hypoglycemia. Because of this, many experts advise a fou1'
shot variation on this regimen: Ultralente and lispro or aspart at breakfast, Huma
log or aspart at lunch, Humalog or aspart at supper, and NPH at bedtime.
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This program is one of the best for patients who want flexibility for dietary habits
in both when they eat and what they eat. By taking rapid-acting insulin for each
meal, they can take exactly the right amount of insulin at exactly the right time.
Also, snacks or extra meals are easily covered with additional injections of rapid
acting insulin. Furthermore, the use of separate basal and bolus insulin coverage
means patients have near-total freedom over the timing of when they eat. Thus,
this regimen is particularly useful for anyone with erratic eating habits.

The main disadvantages are twofold. Ultralente is the most inconsistent of
the available insulin preparations in terms of its absorption (16), causing consider
able day-to-day variability in insulin action and thus glycemia in some patients.
This can be particularly problematic for patients who are highly physically active,
and is generally not the best choice for them. The second issue regards the sub
stantial peak effect of this insulin. Trying to optimize fasting blood glucose values
by upward adjustments of the P.M. Ultralente dose causes nighttime hypoglycemia
(with or without symptoms) in approximately 25% of patients. Changing to the
four-shot variation listed above often eliminates this problem.

Is it necessary to use rapid-acting insulin analogs for the mealtime coverage
over Regular insulin? Generally the answer is yes, as it has been repeatedly shown
that there is less postprandial and middle-of-the-night hypoglycemia with the
analogs (17-19). When should the analogs be injected? While there has been
some disagreement, most studies suggest injecting anywhere from 15 minutes
before the meal to when the patient starts to eat (20).

A complex issue is when to perform SBGM-pre-meal or post-meal? Be
cause of the targeted effect of lispro and aspart for postprandial glycemic control,
pre-meal glucose monitoring does not provide optimal information for determin
ing the mealtime insulin dosages. Thus, when beginning the program, it is useful
on some days to measure blood glucose values before a meal (goal 80-120 mg/
dl) and other days 2 hours after meals (goal < 140 mg/dl). However, once the
program has been established, the use of algorithms for adjustments in the meal
time insulin dosage based on the glycemia at that time means that most testing
is done pre-meal.

How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.
2. Give 50% of the 24-hour dosage as Ultralente split equally between

breakfast and supper.
3. Give the remaining 50% of the 24-hour dosage at meals with, on aver

age, 30-40% at breakfast, 30% at lunch, and 30-40% at dinner de
pending on the patient's eating habits.

4. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits.
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TABLE 4 Sensitivity Factors for Calculating 24-Hour Insulin Needs
(approximate figures to be used in calculating the starting 24-hour
insulin needs)

Leahy

Phenotype
Normal weight

Extremely physically active
Moderately physically active
Minimally active

Obese
Extremely physically active
Moderate physically active
Minimally active

Renal failure
Coexisting illness raising risk of hypoglycemia
Eating habits ("big eater")
New-onset type 1 diabetes <30 years old

0.3 un its/kg
0.4 units/kg
0.5 units/kg

0.5 units/kg
0.6 units/kg
0.8 units/kg

Subtract 0.2 units/kg
Subtract 0.2 units/kg
Add 0.1 unit/kg
0.3 un its/kg

5. Perform daily fasting, pre-meal or 2-hour postmeal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

6. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. Total Ultralente: 28 X

50% = 14 units. A.M. and P.M. Ultralente: 14 X 50% = 7 units each.
Total lispro or aspart: 28 X 50% = 14 units. Pre-breakfast lispro or
aspart: 14 X 40% = 6 units. Pre-lunch and pre-supper lispro or aspart:
14 X 30% = 4-5 units. Final: 7 units Ultralente and 6 units lispro or
aspart pre-breakfast, 4 units lispro or aspart pre-lunch, 6 units UI
tralente and 4-5 units lispro or aspart pre-dinner. Adjust insulin doses
as needed based on the SBGM values to attain the glycemia goals in
Table 2.

Glargine and Pre-Meal Lispro or Aspart

Advantages

• Basal-bolus regimen with the same advantages as the Ultralente program
• Less middle-of-the-night hypoglycemic risk than Ultralente-24-hour

near-constant effect of glargine makes for an ideal basal insulin
• Avoids mixing, because single insulins are given at each injecion-can

thus use an insulin pen for all injections for maximal convenience and
accuracy in dosing
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• Difficult to compensate for variances in physical activity

Program

This is a variation on the Ultralente program that substitutes glargine as the basal
insulin. This insulin has only recently come to market, and experience with it is
limited. However, what has been observed to date has raised considerable hope
that it will be an ideal basal insulin because of its near-constant ("peakless")
effect over 24 hours (16,21), which should help lower or eliminate the nocturnal
hypoglycemia that is sometimes seen with Ultralente (22-25).

Figure 2B shows the program: lispro or aspart insulin at each meal, and
glargine at bedtime. It is a four-shot program because glargine cannot be mixed
with other insulins; the manufacturer recommends that it be given at bedtime
when other insulins generally are not given, to avoid inadvertent mixing. The
restriction against mixing reflects its insolubility at a physiological pH, which
accounts for the prolonged duration of action when injected into the subcutaneous
space. The pH of the glargine bottle/cartridge is 4, which keeps it soluble for
injection and explains why it cannot be mixed with other insulins. For most pa
tients, four shots instead of three shots per day is only a minor annoyance because
of the relative painlessness of modem injection systems. Moreover, many patients
find insulin pens preferable to syringes (at the writing of this chapter, glargine
is available only in vials but the manufacturer expects to have a pen system
shortly).

Overview

This program has all the advantages of the previously described Ultralente regi
men, and eliminates many of the disadvantages. It is excellent for patients who
want maximal flexibility for dietary habits. Further, the studies to date have
shown a high consistency of day-to-day insulin effect for glargine, and a nearly
flat insulin profile over 24 hours (16,21), which makes for a near-perfect basal
insulin. These characteristics avoid the main disadvantages of Ultralente-its
day-to-day variability in insulin action, and the substantial peak that causes mid
dle-of-the-night hypoglycemia in some patients. However, it should again be
stated that glargine is very new to the market, and the reported benefits need to
be confirmed in real-world clinical settings. On the other hand, the difficulty of
using a long-lasting basal insulin in patients whose physical activity varies widely
is as true with glargine as it is for Ultralente.

How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.
2. Give 50% of the 24-hour dosage as glargine at bedtime.
3. Give the remaining 50% of the 24-hour dosage at meals with, on aver-
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age, 30-40% at breakfast, 30% at lunch, and 30-40% at dinner de
pending on the patient's eating habits.

4. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits.

5. Perfonn daily fasting, pre-meal or 2-hour postmeal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

6. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. Total glargine: 28 X

50% = 14 units. Total lispro or aspart: 28 X 50% = 14 units. Pre
breakfast lispro or aspart: 14 X 40% = 6 units. Pre-lunch and pre
supper lispro or aspart: 14 X 30% = 4-5 units. Final: 6 units lispro
or aspart pre-breakfast, 4 units lispro or aspart pre-lunch, 4-5 units
lispro or aspart pre-dinner, and 14 units glargine at bedtime. Adjust
insulin doses as needed based on the SBGM values to attain the glyce
mia goals in Table 2.

Pre-Meal Regular and Bedtime NPH

Advantages

• Provides more flexibility for varying exercise habits than Ultralente or glar
gine

• Less risk of nocturnal hypoglycemia than Ultralente
• An insulin pen can be used for all injections, for maximal convenience and

accuracy in dosing

Disadvantages

• Minimal flexibility for dietary variations
• Must wait 30 minutes between the Regular insulin injection and the meal
• Longer effect of Regular insulin versus lispro and aspart means greater risk

of between-meal "hypos"

Program

This is a common intensive insulin program outside the United States (as already
discussed, the United States uses Ultralente and rapid-acting insulin at meals;
the difference reflects the insulin manufacturers that serve various geographical
areas and the products they sell as opposed to any great advantage of one regimen
over another). Figure 2C shows how it is done: Regular insulin 30 minutes before
each meal and NPH at bedtime (by II P.M. even if staying up past that time).
The 30-minute waiting period between taking the Regular insulin and eating is
important in order to match the peak insulin effect and the postprandial rise in
glycemia.
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This program is based on a different principle than the previously discussed glar
gine and Ultralente regimens, as a single insulin is used for basal and bolus cover
age during the day. This allows less dietary flexibility than with Ultralente or
glargine, especially for variations in mealtimes. For example, eating lunch at 12:
00 noon and dinner at 9:00 P.M. versus the usual 6:00 P.M. will be accompanied
by substantial pre-dinner hyperglycemia because of waning of the Regular insulin
effect. Some patients prevent this by taking an extra, small dose of Regular in
the middle of the afternoon. The ability to compensate for variation in meal size
is also limited with this regimen, as changing the Regular insulin dosage for a
smaller or larger than normal meal affects basal insulin delivery at the same time.
Thus, this is not the best regimen for patients who want substantial flexibility in
their diet.

In contrast, it provides more flexibility for exercise and sports than either
UJtraJente or glargine, as the Regular insulin coverage is 5-6 hours compared
with the much longer duration of glargine and Ultralente.

How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.
2. Give 30% of the 24-hour dosage for the breakfast injection, 25% at

lunch, 25% at dinner, and 20% at bedtime. (The latter percentage is
for insulin-sensitive patients, the usual case in type 1 diabetes. For a
patient with type 2 diabetes, nighttime coverage usually requires a
much higher percentage ofthe daily insulin because of the typical pres
ence of insulin resistance.)

3. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits.

4. Perform daily fasting, pre-meal or 2-hour postrneal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

5. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. First injection: 28 X

30% = 8 units. Second and third injections: 28 X 25% = 7 units.
Fourth injection: 28 X 20% = 6 units. Final: 8 units Regular pre
breakfast, 7 units Regular pre-lunch, 7 units Regular pre-dinner, 6 units
NPH at bedtime. Adjust insulin doses as needed based on the SBGM
values to attain the glycemia goals in Table 2.

Daytime NPH

Advantages

• No insulin at lunch
• Physicians most familiar with this program
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• Can use insulin premixes for convenience and accuracy of insulin propor
tions

Disadvantages

• No flexibility for dietary or exercise variations
• Morning NPH predisposes to late-morning and early-afternoon hypoglyce

mia requiring between-meal snacks
• Pre-supper NPH predisposes to middle-of-the-night hypoglycemia and/or

inadequate control of fasting blood glucose level

Program

Figure 3 shows how daytime NPH regimens are generally used-the two-shot
program in Figure 3A is NPH with Regular or a rapid-acting analog before break
fast and supper (this is given as premixes in some patients), and the three-shot
program in Figure 38 is NPH and Regular or a rapid-acting analog before break
fast, Regular or the rapid-acting analog at dinner, and NPH at bedtime (by II
P.M. even if staying up past that time).

Overview

No discussion of insulin therapy would be complete without including daytime
NPH, the most popular insulin regimen in the United States. However, experts
argue against its use in type 1 diabetes, because inherent limitations make it
difficult, if not impossible, to obtain the glycemia goals in Table 2 without unac
ceptable hypoglycemia. Indeed, the DCCT study, which was begun in 1985 and
planned a few years earlier, allowed only an Ultralente regimen or insulin pump
in the intensively treated group and instead assigned NPH to conventional therapy
(I). Thus, NPH-based regimens are generally appropriate only for patients who
are not candidates for intensive glycemic control.

The major limitation of this regimen is having to use NPH in the morning
to provide lunchtime insulin coverage through its "slow on, slow off' action.
This leads to hyperinsulinemia from the midmorning to the late afternoon, which
makes patients prone to hypoglycemia. Even with midmorning and midafternoon
snacks, many patients still experience late-morning "shakes" or "jitters." To
avoid this, they generally take insufficient NPH to cover the post-lunch glycemia,
which protects against hypoglycemia but also results in hyperglycemia that con
tinues through much of the afternoon. FUlther, wanting to alter the tinting or type
of lunch poses an insurmountable problem with this regimen. Exercise is also
problematic because of the prolonged hyperinsulinemic effect of NPH, which
promotes peri- or post-exercise hypoglycemia. Thus, patients are locked into a
regimented lifestyle, with virtually no flexibility for variations in diet or exercise
if they are to avoid hypoglycemia. Some patients expand the flexibility of this
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FIGURE 3 Conventional NPH insulin regimens showing the number of injec
tions and time of administration relative to meals (B = breakfast; L = lunch;
S = supper) and bedtime (HS). (Top) twice-daily NPH insulin and rapid-acting
analog. (Bottom) the three-shot regimen, which splits the evening insulin into
rapid-acting analog at supper and NPH at bedtime. The shaded area depicts
the normal 24-hour pattern of insulin secretion from Figure 1. Insulin levels
from each program are shown as broken or solid lines based on the pharma
cokinetics ofthe different insulin preparations. Convergence of the perimeter
ofthe shaded area and the insulin lines indicates correct insulin activity. Non
convergence is too little, or too much, insulin effect.

regimen by using a dose of short-acting insulin at lunch to make it more of a
basal-bolus program. However, Ultralente and glargine are better basal insulins,
and it would seem preferable to use one of those regimens. Another approach is
to use multiple small NPH dosages throughout the day, which produces an effec
tive basal insulin (26)-however, this is complex for the average patient, and
probably not needed now that glargine is available.

Use ofNPH in the evening can also be problematic. Originally this regimen
consisted of two shots, with the NPH given with the Regular insulin at supper
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(Figure 3A). In most people, NPH is not a 12-hour insulin so fasting hyperglyce
mia occurs, and increasing the suppertime NPH dose to try to optimize the fasting
blood glucose level often leads to middle-of-the-night hypoglycemia. An excep
tion is when the metabolism of insulin is slowed so the NPH activity persists
until the next morning. This is seen in elderly patients because of their reduced
glomerular filtration rate, which explains why twice-a-day premixed insulins are
successful in some of those patients. Impaired renal function also slows insulin
metabolism. Otherwise, it is recommended that the nighttime insulin be given in
two injections: the short-acting insulin at supper and the NPH at bedtime (Figure
3B). Some practitioners are confused about the risk of nocturnal hypoglycemia
with this three-shot program. If the NPH is taken at 10:00 P.M., and it has a 6
8-hour peak, they reason that the peak will be at 4-6 A.M. and cause prewaking
hypoglycemia. Remember that insulin requirements begin to rise at 3:00 A.M.

because of the dawn phenomenon; NPH peaking before we awake is in fact ad
vantageous for control of the fasting blood glucose level.

How do you do it?

1. Calculate the 24-hour insulin need as described in Table 4.
2. Give two-thirds of the 24-hour dosage in the morning, with two-thirds

as NPH, the other one-third as Regular or a rapid-acting analog.
3. Give the remaining one-third of the 24-hour dosage in the P.M., with

one-half as NPH and the other half as Regular or the rapid-acting ana
log. It is given as a single injection at supper in the two-shot program;
in the three-shot program it is divided, with the Regular or rapid-acting
analog given at supper and the NPH at bedtime (before 11 P.M. even
if staying up later).

4. Adjust these starting dosages if the patient has unusual eating, exercise,
or work habits,

5. Perfonn daily fasting, pre-meal or 2-hour postmeal, and bedtime
SBGM along with weekly middle-of-the-night SBGM.

6. Example: 70-kg male who is moderately physically active. Total daily
insulin dose is 70 kg X 0.4 units/kg = 28 units. Total A.M. insulin:
28 X 67% = 18 units. A.M. NPH: 18 X 67% = 12 units. A.M. Regular
or rapid-acting analog: 18 X 33% = 6 units. Total P.M. insulin: 28 X

33% = 9 units. P.M. NPH: 9 X 50% = 5 units. P.M. Regular or rapid
acting analog: 9 X 50% = 5 units. Final (two shots): 12 units NPH
and 6 units Regular or rapid-acting analog at breakfast, and 5 units
NPH and 5 units Regular or a rapid-acting analog at dinner. Final
(three shots): 12 units NPH and 6 units Regular or rapid-acting analog
at breakfast, 5 units Regular or rapid-acting analog at dinner, 5 units
NPH at bedtime. Adjust insulin doses as needed based on the SBGM
values to attain the predefined glycemia goals.
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Modem life entails sizable variations in daily diet, activity, and work demands.
For most patients, using the same insulin doses day in and day out is not compati
ble with stable glycemic control. Further, an important goal of modem insulin
therapy is to eliminate barriers to jobs, hobbies, sports, travel, or whatever the
patient wants for a happy life. Thus, once the insulin regimen is in place, dose
adjustments are typically built in to promote stable glycemia while allowing pa
tients to live the kind of life they want.

Pattern Management

Changes in a patient's activity, medical condition, or nutrition, or sometimes
unknown factors, can result in the need to modify the basic insulin dosages and/
or program. This is recognized through pattern management, which uses the pa
tient's blood glucose records to identify "problem" glycemia times and then
adjust the dose of insulin that is active at that time. This is second nature to most
patients and physicians. However, two aspects need highlighting. First, dosage
changes should be made based on several days of SBGM; an inescapable charac
teristic of type I diabetes is variable blood sugars, and making a fundamental
change in the insulin program because of a few days of surprising values is ill
advised. Alternatively, if an event has occurred that explains the change in glyce
mia and is ongoing-the patient started a new sport or exercise program, went
on a diet, etc.-it makes little sense to wait before making adjustments. Second,
a key principle in blood sugar management is that the patient's blood glucose
value now affects what it will be several hours from now. Stated another way,
patients know that how they start the day in terms of glycemia affects their glu
cose values for the rest of the day. Thus, if the patient's log shows high or low
blood glucose values throughout the day, change only the overnight insulin to
optimize the fasting blood glucose level. Observe what happens to the blood
glucose values later in the day, then, if necessary, change the insulin coverage
one shot at a time (coverage for lunch, then supper, then bedtime) until day-long
glycemia is optimized.

Algorithms or Sliding Scales?

A common element of intensive insulin programs is "insulin algorithms": shon
term adjustments in doses for variable activity, diet, etc. Unlike pattern manage
ment, the dose changes are made only once, to cover the event. Each patient's
algorithms are unique, and are based on the patient's and caregiver's identifica
tion of diet, exercise, and other habits that cause the blood glucose values to
deviate from the usual range, then designing and validating diet and/or insulin
fixes. Algorithms are operative when patients tell you, "I play basketball two
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night a week after dinner with my friends. Dinner those nights is always pasta,
and I reduce my lispro by 2 units. After the game I drink half a glass of Gatorade.
Also, 1 always do a glucose test before the Gatorade and it's generally 130 to
150. Rarely it's less than that, and then I drink a full glass of Gatorade." The
purpose of these short-term adjustments is to maintain stable glycemia. Thus, by
necessity, the changes must be precise and based on testing-it needs to be
proven that a 2-unit lowering of the pre-meal insulin dose following a 60-minute
game of tennis works better than a 1- or 3-unit adjustment. In fact, as patients
start frequent use of SBGM, identifying problem activities and' 'fixes" becomes
second nature for many of them. Often the role of the physician is to make sure
the changes are validated with blood glucose testing to prove they work.

Another common algorithm is to build in compensatory variations in the
mealtime insulin dose for out-of-range blood glucose levels. An example is
shown in Table 5. The dose changes are typically based on the rule of 1800,
which states that the glycemia-lowering effect of a I-unit change in lispro/aspart
can be calculated as 1800 divided by the patient's 24-hour insulin dosage (1500

TABLE 5 Sample Algorithm for Pre-Meal
Adjustment Based on Self-Blood-Glucose
Measurement

Pre-meal blood
glucose (mg/dl)

<60
61-80
81-140

141-200
201-260
261-320
>321

Lispro/aspart
adjustment

(units)

-2
-1

o
+1
+2
+3
+4

An algorithm is a supplement or subtraction
from the usual mealtime insulin dosage that
compensates for the premeal glycemia level.
The dosing range is calculated by the rule of
1800 for lispro or aspart insulins and 1500 for
Regular insulin: divide the total 24-hour insulin
dose by 1500 or 1800 to get the glucose-low
ering effect of 1 unit of that insulin. This algo
rithm was for an individual taking 30 units of in
sulin daily-thus, adjustments of 60-mg/dl
increments in glycemia per 1 unit lispro/
aspart.
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is used for Regular insulin). For example, if your patient takes 30 units of insulin
each day, each unit of lispro/aspart will lower glycemia an average of 60 mgt
dl. The scale in Table 5 is constructed with I-unit adjustments of lispro/aspart
for every 60-mg/dl increase or decrease from the ideal glycemia range. Key to
this practice is appreciating that these are adjuncts to the patient's usual doses.
Thus, my own practice introduces this insulin adjustment only after we have
completed what has already been discussed: validation of the program and basic
doses, pattern management for fine tuning, and introduction of algorithms for
lifestyle variations.

In contrast to the above approach, "sliding scales" are not recommended
although they are frequently used in primary-care settings. These are scales that
patients use to determine their mealtime insulin dosage based only on their blood
glucose level; their usual mealtime insulin need, what they are going to eat, recent
activity, and other relevant factors are not considered. Further, sliding scales are
rarely individualized or validated for a particular patient, so overdosing or under
dosing is common. Thus, in most patients the net result is that sliding scales
promote erratic blood glucose control and/or an inability to get the target HbA Ie

without unpredictable hypoglycemia (27,28). For all these reasons, sliding scales
are viewed by diabetes specialists as being generally detrimental to the patient
and not recommended.

SELF-BLOOD-GLUCOSE-MONITORING

SBGM is a necessary evil that makes having diabetes particularly difficult. De
spite considerable improvement in meters over the past few years, the pain, incon
venience, expense, and sometimes emotional upset caused by a "bad blood
sugar" make doing SBGM one of the most hated parts of the treatment program.
Physicians need to discuss this issue openly with their patients. My own practice
recommends four daily tests (pre-meal alternating with post-meal, and pre-bed)
when insulin programs are initiated or changed, or when variable daily glycemia
prevents obtaining the target HbA Ie' Also, the presence of hypoglycemia un
awareness mandates frequent testing. I impress on patients that the tests are done
for them-they need to know how different aspects of their lifestyle affect their
blood glucose level. I also recommend the patient set aside a time to review and
analyze that day's tests, often with the spouse so that there is a family approach
to taking care of the patient's diabetes. Don't make the mistake of leaving analysis
of the SBGM entirely up to patients and not reviewing their logs when they come
to see you. You want to know that blood testing is being done, and that patients
are correctly identifying problem patterns. Also, patients often complain, "I do
my blood tests, but my doctor never looks at them." It's hard to convince a
patient to make a change in his or her treatment program if the doctor is viewed
as uninterested.
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Once the target HbA lc is attained without problematic hypoglycemia, the
frequency of SBGM is reduced for patients who find it onerous, although this
ends up being relatively few. The common usage of mealtime algorithms based
on glycemia requires testing at each meal. Also, persons with fluctuating blood
sugars, a reduced perception of hypoglycemia, or lifestyles with sizable variations
in diet or activity should continue to test frequently. In reality, this rarely is a
contentious issue because most patients use their readings almost like a warning
light in a car to know that their diabetes is under control.

SUMMARY

I have tried to provide a conceptual framework for approaching insulin therapy
in type I diabetes. This is not to say it is easy. One of the key messages is
individualization-identify your patient's lifestyle and habits, and design an insu
lin program that incorporates these elements. Basal-bolus insulin regimens are
not burdens for patients; they free them to live the kind of life they want. The
concept of individualization should not be interpreted as lacking any principle
as to how to design an insulin program, that we make it up as we go-just the
opposite. This chapter provides a clear system that entails getting to know your
patients, and their getting to know themselves better through intensive diabetes
and dietary education. An insulin program is chosen that provides flexibility for
the identified lifestyle factors, and starting dosages are calculated based on physi
ological and mathematical principles. SBGM is used to tweak the doses, and also
to help the patient identify what factors vary their glycemia and require algorithm
counteradjustments. Success is patients' attaining their target HbA 10 relatively
free of hypoglycemia and pursuing the kind of life they want.
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Insulin Therapy in Type 2 Diabetes Mellitus

Andrew J. Ahmann
and Matthew C. Riddle

Oregon Health and Science University, Portland, Oregon

INTRODUCTION

The prevalence of type 2 diabetes mellitus is increasing at an alanning rate in
the United States and around the world (1). It is a very costly disease, both mone
tarily and in terms of reduced quality of life (2). These costs are the consequence
of the multiple debilitating chronic complications of hyperglycemia. The clini
cian's therapeutic goal is to avoid and mitigate these complications.

Just as the Diabetes Control and Complications Trial (DCCT) did for type
I diabetes, the United Kingdom Prospective Diabetes Study (UKPDS) clearly
demonstrated the significant benefit of improved glucose control in reducing the
microvascular complications of type 2 diabetes (3). There was also a reduction
in the rate of myocardial infarction (MI) among those treated with sulfonylureas
or insulin, but it narrowly failed to reach statistical signjficance (p = 0.052).
However, the epidemiological analysis including all the study individuals sup
ported the linear relationship between glucose control and MI. Each I % decrease
in HbA lc was associated with a 14% decrease in MI, a correlation that was statisti
cally significant with a p value <0.0001 (4).

Concomitant with our recognition of the increasing public health burden
of type 2 diabetes has come the growing emphasis on glucose control as the
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cornerstone of the therapeutic approach to this disease. The American Diabetes
Association (ADA) recommends an HbA ,c goal 00.0% (5). Several other organi
zations in the United States and internationally propose even lower goals of 6.5%,
and a U.S. national trial is now underway to test the value of treating to a goal
of ::;6.0% in type 2 diabetes.

Fortunately, many new oral medications with different mechanisms of ac
tion have become available to treat this disease (6). Progress has been made in
moving our diabetes population toward the stated goals of glucose control. Yet,
overall, we fail far too often. The focus must be on treating to goal.

The UKPDS helped clarify the progressive nature of type 2 diabetes. After
6 years of disease, only one-third of patients continued to have an HbA\c under
7.0% on their initially assigned treatment alone (7). Therefore, using 7.0% HbA\c
as a measure of success, monotherapy failed at a rate of about 10% per year.
Furthermore, this failure was shown to correlate with reduced ~-cell function,
or, more specifically, progressive insulin deficiency. It is clear that for many
individuals with type 2 diabetes, insulin alone or in combination with oral agents
will be required to treat the insulin deficiency. This will become an even greater
issue in the years ahead as the number of individuals with long durations of
type 2 diabetes increases. This expectation derives from the recognized relative
increase in the number of younger adults being diagnosed with this form of diabe
tes as well as general increased longevity of our population (l).

INDICATIONS FOR INSULIN THERAPY IN TYPE 2 DIABETES

Insulin therapy has multiple forms and applications in type 2 diabetes (Table
1). Some of these indications are temporary, such as during an acute illness, in
pregnancy, and when those taking metforrnin are at risk for renal insufficiency
or other factors predisposing to lactic acidosis. Insulin is also indicated as initial
therapy when individuals present with severe hyperglycemia (fasting glucose
over 300 mg/dl or random glucose values over 400 mg/dl) with significant symp
toms such as severe polyuria, severe fatigue, and weight loss.

Obviously, insulin is often initiated as permanent therapy after a period of
oral agent therapy when the insulin secretory defect has progressed to the point
where insulin secretagogues are no longer able to supply adequate insulin to
prevent severe hyperglycemia, even in the presence of complementary insulin
sensitizers. At other times, insulin may be required earlier than normally expected
because of intolerance or contraindications to one or more oral agents. For exam
ple, both metforrnin and thiazolidinediones are contraindicated in congestive
heart failure, and insulin will be needed as soon as secretagogues alone fail to
control glucose.

We have become increasingly aware of a diagnostic dilemma relevant to
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TABLE 1 Indications for Insulin in Type 2 Diabetes
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Temporary insulin therapy
At initial diagnosis if the patient has symptomatic severe hyperglycemia
Pregnancy
Acute intercurrent illness with glucose decompensation
During steroid therapy
Peri operatively
End-stage renal disease
Frequently during hospitalization

During acute MI or CVA
When metformin is discontinued due to increased risk of lactic acidosis

Fear of renal insufficiency due to intravenous dyes
Hypoperfusion states such as sepsis or hypotension
During parenteral or enteral alimentation

Ketosis or hyperosmolar state

Permanent insulin therapy
In CHF when metformin and thiazolidinediones are contraindicated and

other agents fail to control glucose
When it is determined that patient may actually have latent autoimmune

diabetes in adults (LADA) rather than type 2 diabetes
When oral combination therapy is not tolerated or fails to maintain HbA,c

under 7.0%

the differential diagnosis of the type of diabetes in adults. As opposed to the
clinical presentation of type 1 diabetes in youth, adults may experience a more
insidious onset and may respond to oral agents initiaJly (8). This diagnosis is
sometimes referred to as latent autoimmune diabetes of adults (LADA). This
differentiation is generally made on clinical grounds. The diagnosis of type 1
diabetes should be considered when individuals have no family history of type
2 diabetes, are thin, and have an atypical treatment course. For example, if glu
cose levels are highly labile on oral agents or if there is failure of an oral therapy
within a year, the diagnosis should be reconsidered.

There is no simple standardized laboratory method of differentiating these
two main forms of diabetes. There is no standard for use of individual c-peptide
levels in this setting, and stimulated c-peptide has been used only as a research
test. The presence of anti-GAD (glutamic acid decarboxylase) antibodies or islet
cell antibodies can be helpful, but the reliability of either test individually is only
about 75% and it is not certain that commercial antibody tests are equivalent to
those used in research.
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PATIENTS' AND PHYSICIANS' CONCERNS ABOUT INSULIN
USE IN TYPE 2 DIABETES

There has been considerable controversy about the potential for exogenous insu
lin to promote macrovascular complications of diabetes. Much of this concern
stems from evidence that insulin resistance is associated with increased rates of
cardiovascular disease (9). Several studies have demonstrated a correlation be
tween insulin levels and cardiovascular events. However, in these studies of a
broad spectrum of individuals, it is likely that elevated endogenous insulin levels
are simply a marker for the constellation of cardiovascular risk factors inherent in
the insulin-resistance syndrome. It is quite clear from the UKPDS that individuals
receiving insulin as their initial treatment did not experience increased cardiovas
cular complications (3). In fact, there was a trend toward reduced frequency of MI
in insulin-treated patients. Evidence also exists that initiation of insulin therapy in
the immediate post-MI period can reduce cardiovascular mortality at both 1 and
3 years (10). There is other evidence that insulin can reduce certain recognized
risk markers for cardiovascular disease, such as c-reactive protein and small dense
LDL (11,12). At this time the preponderance of evidence supports the cardiovas
cular safety of insulin therapy when it is required to control glucose. There is
no good evidence that exogenous insulin administration advances cardiovascular
disease.

Hypoglycemia is the primary adverse event associated with insulin therapy.
However, this acute complication of therapy is much less frequent with type 2
diabetes than type 1 disease. Severe episodes occur in 0.5-2.0% of insulin-treated
patients (3,13). Likewise, hypoglycemia is generally less severe with type 2 dia
betes. Although insulin-induced hypoglycemia may influence the insulin doses
and specific insulin regimen, it does not preclude safe and effective insulin ther
apy. In type 2 diabetes, the progression from an insulin regimen using one injec
tion at bedtime to more complex regimens is associated with increased frequency
of hypoglycemia. The most common precipitating factor for hypoglycemia is
skipped meals (up to 80% of hypoglycemic events). Other significant factors are
unusually heavy exercise and excess doses. When using insulin, more frequent
home glucose monitoring is appropriate in order to identify hypoglycemia and
to facilitate optimal insulin dosing.

Weight gain is frequently cited as a great concern with insulin therapy. The
amount of weight gain is dependent on multiple factors, including the type of
insulin regimen, the total dose, and the oral agents used concomitantly. We still
lack clear information on the relative effects of various regimens of insulin dosing
as well as the relative effects of the individual longer-acting insulins or insulin
analogs. For example, there is some evidence that in individuals with type 2
diabetes, insulin glargine may result in less weight gain (14). Adding metforrrun
to insulin alone or to combinations of insulin with other oral agents generally
results in reduced weight gain as the HbA Ie drops with therapy (15). However,
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the combination of insulin with thiozolidinediones (TZDs) appears to cause the
greatest weight gain. This combination is also associated with more frequent
peripheral edema and possibly with exacerbations of congestive heart failure in
susceptible individuals. The degree of weight gain seen when insulin is combined
with sulfonylureas is probably intermediate between that occurring with insulin
metformin and that with insulin-TZD combinations. However, there is prelimi
nary evidence that glimepiride and glipizide GITS may be associated with less
weight gain than other sulfonylureas such as glyburide. The amount of weight
gain with insulin, alone or in combination, is usually modest, with the exception
of occasional dramatic weight gain with an insulin-TZD combination. It appears
that the weight gain seen with insulin therapy is insufficient to offset the benefit
rendered by improved glucose control. Whenever possible, it is advantageous to
accelerate exercise and improve the diet simultaneously with initiation of insulin
therapy. Overtreatment with insulin must be avoided because hypoglycemia fur
ther stimulates appetite and may lead to unnecessary eating in order to prevent
hypoglycemic episodes once the patient has had an emotionally traumatic experi
ence with hypoglycemic reactions.

Finally, many patients have a predetermined aversion to injections and mis
conceptions about the ramifications of insulin therapy. There are also issues of
convenience and the social stigma of giving injections in public. The "needle
phobia" is almost always resolved after the initial several injections. Pen injec
tion devices are one common means of addressing the convenience issue. Time
spent with an experienced diabetes educator will facilitate the comfortable transi
tion to injections and allay the patient's unfounded fears. Additionally, patient
education on causes and treatment of hypoglycemia will be needed when initiat
ing insulin therapy. In fact, this critical juncture in the continuum of diabetes
management is an excellent opportunity to refresh patients' knowledge of their
disease state by referring them to an updated diabetes education class or for needs
assessment by a Certified Diabetes Educator.

Unfortunately, many physicians are reluctant to initiate insulin therapy in
a timely fashion for the reasons noted above. This tendency may be compounded
by the inconvenience of arranging safe insulin therapy and the extra time needed
to communicate with patients as they begin to titrate the insulin doses. The pri
mary-care physician, in particular, must come to appreciate the advantages of
instituting insulin therapy at the appropriate time rather than leaving the patient
uncontrolled and susceptible to the acceleration of chronic complications. Fur
thermore, delay will reduce the benefit that insulin may offer in preserving ~

cell function that can contribute to more consistent glucose control.

THE BENEFITS OF INSULIN THERAPY

Despite the reservations of many practitioners about initiating insulin therapy,
there should be no question about the ability of insulin to help patients with type
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2 diabetes reach therapeutic goals. A number of studies have documented the
success of progressive treatment regimens that include graduated insulin therapy
(16,17). Obviously, recognition of a progressive ~-cell defect leads to the conclu
sion that exogenous insulin will be required when overall insulin secretion is
inadequate to reach an HbA ,c of 7.0%.

However, insulin has a number of other benefits that are important to under
stand. As blood glucose elevates due to failure of oral agent therapy or due to
other factors such as an intercurrent illness, the elevated glucose levels create a
vicious cycle often referred to as "glucotoxicity." This term applies to the ability
of hyperglycemia to increase insulin resistance and to further inhibit ~-cell func
tion (18). Insulin therapy has proven to be the most predictable and rapid method
of correcting the hyperglycemia and therefore overcoming the glucotoxicity. Ac
cordingly, the doses of insulin required to attain the desired glucose reductions
may be considerably higher than the doses required to maintain glucose goals
later. [n many cases in which insulin is used to control severe, symptomatic hy
perglycemia at the time of diagnosis, oral agents can effectively replace insulin
therapy after a period of glucose stabilization. Sometimes physicians ignore this
possibility and patients remain on insulin indefinitely only because oral agent
therapy was never attempted.

In type 2 diabetes, most obese patients experience significant elevations of
fasting blood glucose. The postprandial glucose excursions are then added to this
elevated baseline glucose. In many cases, early treatment with sulfonylureas will
expose the tendency to maintain elevated fasting glucose levels despite the possi
bility of hypoglycemia at other times, such as before dinner. The underlying
morning hyperglycemia is the result of excess hepatic glucose production during
the night. Nonnally, insulin suppresses hepatic glucose production. In fact, exog
enous insulin will reduce excess glucose production at doses that are significantly
lower than those required to facilitate insulin-mediated glucose uptake in muscle
tissue. Treatment with evening insulin is clearly the most targeted and effective
method of reducing fasting blood glucose.

COMBINATION THERAPY WITH ORAL AGENTS AND
INSULIN

The addition of insulin to sulfonylureas became popularized over a decade ago
as clinical researchers began to better understand tlle pathophysiology of type 2
diabetes and also recognized the reluctance of patients and physicians to proceed
to insulin therapy when indicated. The concept of BIDS (bedtime insulin, daytime
sulfonylurea) developed from the knowledge that bedtime intennediate insulin
could effectively reduce nocturnal hepatic glucose production and reduce gluco
toxicity. The improved morning blood glucose levels then promote the daytime
effectiveness of the sulfonylureas, including reduced postprandial glucose excur-
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sions. The simplicity of this evening insulin strategy is also an excellent transition
to later, more complex insulin therapy. Patients need take the bedtime dose of
NPH insulin only when they enjoy relative privacy, and they need focus on morn
ing blood glucose monitoring only initially, since the method will not be success
ful until the fasting glucose is controlled. Also, hypoglycemia is also relatively
unlikely to occur with this method.

Compared with regimens consisting of morning NPH with sulfonylureas,
Regular and NPH insulin twice daily, or a basal-prandial insulin regimen, the
BIDS approach demonstrated equal efficacy with less weight gain (19). Com
bined insulin-sulfonylurea therapy has been followed by evening insulin combi
nations with subsequently released classes of oral agents, including metfonnin
and TZDs. A carefully designed study comparing evening insulin combinations
with metformin, glyburide, combined glyburide and metformin, or a second
morning insulin dose demonstrated the ability of the metformin-insulin combina
tion to maximize glucose reductions with minimum weight gain (20). Of course,
various combinations of oral agents are routinely used with evening insulin in
the normal progression of therapy. These various combinations have not been
individually evaluated.

INTENSIFIED INSULIN REGIMENS

Type 2 diabetes is not a homogeneous disease. For example, some individuals
will have accelerated loss of insulin secretion and require multiple insulin injec
tions within a few years. These patients are often of normal weight but have no
evidence of type I diabetes. Nevertheless, their primary pathophysiological defect
is related to insulin deficiency rather than insulin resistance. Many others will
have a slowly progressive ~-cell dysfunction that eventually results in severe
insulin deficiency and the need for insulin. Because a larger number of individuals
are developing type 2 diabetes at an early age, this latter segment of the popula
tion will also lead to the more frequent need for more complex insulin regimens.
Twice-daily intermediate/Regular insulin dosing has been commonplace in treat
ment of type 2 diabetes. This regimen often implements premixed insulin twice
daily for simplicity.

However, the trend now is toward more physiological insulin regimens,
like those commonly used in type I diabetes. The most advanced scheme utilizing
injectable insulin is frequently referred to as a "basal-prandial" or "basal-bolus"
insulin regimen. These regimens are designed to simulate physiological insulin
delivery as much as possible. They employ long-acting insulin in amounts neces
sary to suppress hepatic glucose production and provide the low levels of insulin
needed during periods without food ingestion. Short-acting or very-short-acting
insulins (analogs lispro and aspart) are then used to supply the insulin needed
for food intake. If properly employed, this regimen offers increased lifestyle f1ex-
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ibility in addition to better consistency and possibly less hypoglycemia. Continu
ous subcutaneous insulin infusion (insulin pump) therapy is the most technologi
cally advanced model of this approach but is not considered a standard option
for type 2 diabetes at this time. Fortunately, after the struggle for many years
with suboptimal long- and intermediate-acting' 'basal" insulins, the recent avail
ability of the long-acting insulin analog glargine has greatly improved the practi
cality and simplicity of basal-prandial insulin therapy. Generally, the relative
ratio of basal: prandial insulin is close to I : I (prandial doses combined comprise
about 50% of total daily insulin). Historically, more complex insulin regimens
have carried an increased risk of hypoglycemia. This is not necessarily true for
glargine-lispro or glargine-aspart regimens. Glargine has a 24-hour duration and
is more consistently absorbed than other basal insulin options. It is usually admin
istered once daily, at bedtime. The dose is titrated to attain morning glucose
values under 120 mg/dl.

THE ROLE OF INSULIN IN TYPE 2 DIABETES TREATMENT
PROGRESSION

Because type 2 diabetes is a progressive disease, the treatment strategy has
evolved into a sequential intensification most often marked by addition of oral
agents as needed to maintain glucose control goals. When appropriate combina
tions of oral agents fail, insulin is typically added. As shown in Table 2, unless
initiated early because of severe hyperglycemia at diagnosis, insulin is most often
introduced when two or three oral agents in combination have failed.

A significant decision point is noted at step 4 in the table. It is here that
one must decide between adding a third oral agent, most often a TZD, or adding
insulin. Although adding a TZD is reasonable, considering the role of insulin
resistance in most cases of type 2 diabetes, this strategy is not as predictable as
utilizing insulin in attempting to reach target glucose levels. When a TZD is
added, one must be certain that an HbA Ie of -S:7.0% is reached within 3 or 4
months. If this goal is not attained, one should change to insulin. Furthermore,
the addition of insulin is generally more cost-effective in lowering blood glucose.

When adding evening NPH to a sulfonylurea and metformin, one should
decrease the sulfonylurea to half the maximal dose (e.g., 4 mg glimepiride, 10
mg glipizide GITS, or 10 mg glyburide) if a larger dose had been used prior to
this change. If glargine is used at bedtime, one should reduce the sulfonylurea
to 25% of maximum dose. Because glargine will carryover a significant insulin
effect before dinner, the sulfonylurea may require further reduction or may be
eliminated.

Likewise, when triple oral agent therapy has been instituted but is no longer
successful, insulin should be added to the three-drug regimen and the sulfonylurea
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TABLE 2 Typical Progression of Type 2 Diabetes Therapy (Goal HbA,c =
7.0%; therapeutic change point >7.0% x 2 (at 3-month intervals)

Primary

Step 1 lifestyle change
Diet and exercise
Go to Step 2
Go to Step 3 or 5

Step 2 Oral monotherapy
Metformin or sulfonylurea

Step 3 Oral combination therapy
Add metformin, SU, TZD, Re

paglinide, or nateglinide
Step 4 Three-agent therapy

Add third drug with different
mechanism

e.g., sulfonylurea + metfor
min + TZD

or
Add P.M. insulin to two-drug

regimen
NPH or glargine at HS
70/30 or Humalog Mix 75/25

before dinner
Step 5 Insulin twice daily

May add metformin or TZD if
insulin dose is over 1 U/
kg/d with suboptimal con
trol

Step 6 Basal-bolus insulin regimen
e.g., glargine at HS with lis

pro or aspart before each
meal

Alternatives

If HbA,c :0; 8.0%
If HbA,c 8-9.5%
If HbA,c > 9.5%
Pioglitazone, rosiglitazone,

repaglinide, nateglinide
(acarbose, miglitol)

Add acarbose or miglitol

decreased similarly. However, as control improves with the addition of insulin,
one should attempt discontinuing at least one agent.

As an alternative to bedtime N or glargine, premixed insulin (70/30 or
Humalog Mix 75/25) can be implemented before dinner if the patient is > 150%
ideal body weight (22). Humalog Mix contains rapid-acting lispro, which may
provide added convenience because it can be given just before eating rather than
30 minutes prior, and specifically targets postprandial glucose reduction. How-
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TABLE 3 Insulin Action Profiles

Ahmann and Riddle

Insulin type

Lispro/aspart
Human Regular
Human NPH
Human Lente
Human Ultralente
Insulin glargine

Onset

5 min
30-60 min
2-4 hr
3-4 hr
6-10 hr
1-2 hr

Peak

1 hr
2-3 hr
4-10 hr
4-12 hr
12-16 hr
? flat

Duration

2-4 hr
3-6 hr
10-16 hr
12-18 hr
18-20 hr
About 24 hr

ever, the cost is significantly greater than that of standard 70/30 human insulin.
When glargine at bedtime is the first insulin used, as may be preferable for many
patients, a premixed insulin can later be substituted or a second injection of lispro
or aspart can be given before dinner if isolated hyperglycemia is noted after
dinner.

When evening insulin strategy fails, one can easily transition to twice-daily
insulin with premixed insulin or self-mixed NPH/Regular or NPH/rapid-acting
insulin analog before breakfast and dinner. Table 3 shows the time-action rela
tionships of the various insulin products (22). Exact insulin requirements are
difficult to predict due to intraindividual variability in insulin sensitivity. Because
the change has usually been motivated by poor glucose control, the initial b.i.d.
dose can safely be determined by first calculating the total daily insulin dose as
1.5 times the previous evening insulin dose. This 24-hour dose is then delivered
in two evenly divided doses before breakfast and dinner.

When twice-daily dosing is ineffective, is associated with nocturnal hypo
glycemia, or is too inflexible for a patient's needs, he or she progresses to a basal
prandial insulin regimen. That transition is easiest if the patient was initially on
glargine as part of a combined evening insulin-oral agent regimen and simply
adds pre-meal insulin while stopping any insulin secretagogue. The initial pre
meal insulin doses can be estimated from the total glargine dose-a similar daily
mealtime insulin requirement is divided into three doses according to the relative
size of the three meals. Alternatively, advanced instruction in carbohydrate count
ing can be used to better determine individual meal requirements by establishing
a ratio of rapid-acting insulin analog to grams of carbohydrate consumed. This
practice also offers added flexibility in lifestyle. The basal-prandial insulin ap
proach can more safely facilitate calorie restriction for weight loss as well.

Another alternative to this dual insulin regimen is the use of rapid-acting
insulin analog to cover prandial excursions while an oral agent covers basal re
quirements (Table 4). In one study, this regimen, aimed at postprandial glucose
control, reduced HbA lc more than metformin-glyburide and BIDS regimens.
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TABLE 4 Typical Protocol for Adding Insulin to Oral Agent Therapy

123

Continue oral agents, but reduce the sulfonylurea to 50% maximum dose
if using NPH at bedtime or premixed insulin at dinner or to 25% if
using glargine at bedtime

Begin with a single dose of 10 units in the evening (or may go to 0.15 U/
kg) in the evening:

NPH at bedtime
Glargine at bedtime
70/3030 minutes before dinner
Humalog Mix 75/25 not more than 10 minutes before dinner

Measure the morning (fasting) blood glucose daily

Increase the insulin weekly by:
2 units if FBG is >120
4 units if FBG is >160

The goal is to have the morning glucose 90-130 mg/dl > 50% of the time
if possible, with no symptomatic hypoglycemia

However, the study had some limitations, including poor success with the BIDS
regimen aimed at reducing fasting blood glucose (23).

Any insulin regimen can benefit from the addition of insulin sensitizers
when total insulin doses are high, i.e., 1 U/kg/day. Again, metformin is the pre
ferred initial oral agent addition in this setting because it has a weight-reduction
benefit. However, TZDs are very effective additions in patients who are highly
insulin-resistant. As mentioned above, the prevalence of lower-extremity edema
is higher when TZDs are used with insulin. However, many patients do not expe
rience edema and weight gain, and fear of these complications should not pre
clude the use of these potentially highly effective agents if the patient is properly
educated about possible problems. Both TZDs and metforrnin can be used with
insulin simultaneously, but there is no reported experience with this practice. The
cost would be significant if insulin doses are not significantly reduced by this
approach.

SUMMARY

Type 2 diabetes will become an ever-increasing part of most medical practices
in the United States. Individuals are developing diabetes at an earlier age and
will experience longer durations of disease with associated progressive insulin
deficits. Insulin therapy will therefore become a common requirement in man
aging type 2 diabetes. New insulin products and regimens are changing the
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therapeutic approach. The combination of insulin with oral agents will remain
an important first step in this form of diabetes, but many patients will progress to

basal-prandial insulin regimens similar to those used in type 1 diabetes in recent

years. The goal of therapy is to reach target HbA Ie levels of ~7 .0% without
exposing the patient to adverse effects.
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Insulin Therapy in Children

William V. Tamborlane
and JoAnn Ahern
Yale School of Medicine, New Haven, Connecticut

INTRODUCTION

Type 1 diabetes mellitus in childhood and adolescence presents special challenges
to pediatric health-care providers. The combination of severe insulin deficiency
and the physical and psychoemotiona[ changes that accompany normal growth
and development make day-to-day management of pediatric patients especially
difficult. Moreover, the results of the Diabetes Control and Complications Trial
(DCCT) have raised the bar considerably higher with respect to goals of treat
ment, since intensive treatment was shown to significantly reduce the risk of
progression of retinopathy and the development of microalbuminuria 0-3). Cur
rent recommendations mandate that youths with type I diabetes should aim to
achieve metabolic control as close to normal as possible and as early in tl1e course
of the disease as possible. Remarkably, a much greater proportion of young pa
tients are meeting strict standards of care than ever in1agined possible only a few
years ago. Our approach to insulin replacement in children and adolescents with
type I diabetes is discussed below.

127
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GOALS OF TREATMENT

Tamborlane and Ahern

The traditional goals of treatment of children and adolescents with diabetes were
to use insulin, diet, and exercise to minimize symptoms of hypoglycemia and
hyperglycemia, promote normal growth and development, and, using intensive
education and psychosocial support, maximize independence and self-manage
ment in order to reduce the adverse psychosocial effects of this chronic disease.
Since the results of the DCCT were published, additional primary aims of therapy
are to lower blood glucose and glycosylated hemoglobin values to as close to
normal as possible. In pediatric patients, achievement of such stringent treatment
goals is best accomplished with a multidisciplinary team of clinicians to provide
ongoing education and support of aggressive self-management efforts on the part
of parents and patients. Matching the treatment to the patient (rather than vice
versa) by taking a flexible and varied approach to insulin replacement, diet, and
exercise is critically important.

It is recognized that intensive treatment places extra burdens on patients
and families and that practical considerations, such as acceptability of and com
pliance with the treatment regimens, must be balanced appropriately to attain all
these aims of therapy. Nevertheless, recent data suggest that an intensive ap
proach to diabetes education and aggressive self-management by patients and
families may reduce rather than increase the adverse psychosocial effects of this
chronic illness (4).

INSULIN REGIMENS

Initiation of insulin treatment can be accomplished in either the inpatient or outpa
tient setting. Many youngsters require hospital admission due to vomiting, dehy
dration, and/or moderate to severe ketoacidosis. In patients who are not ill at
presentation, admission to the hospital may also provide the child and parent
with a safe and supportive environment in which to adjust to the shock of the
diagnosis. Outpatient management in a comprehensive day treatment program
staffed by individuals knowledgeable in the care of children with diabetes can
also provide a supportive environment in which to initiate therapy (5) and such
programs are becoming more widely available.

Once so simple, the choice of types of insulin and insulin regimen has
become much more complicated. To the standard human Regular, NPH, Lente,
and Ultralente insulins have been added new insulin analogs. Lispro and aspart
insulin are produced by amino acid substitutions near the C-terminal end of the
B-chain. These substitutions do not affect the biological actions of insulin but
result in more rapid absorption than Regular insulin following subcutaneous in
jection. The sharper peak and shorter duration of these insulins compared with
Regular insulin may be of particular advantage in teenagers who require large
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pre-meal bolus doses of rapid-action insulin. There are fixed mixtures of both
human insulin and human insulin analogs, and inhaled insulin preparations are
currently under study (6). A sampling of the variety of conventional and uncon
ventional insulin regimens is given in Table 1.

Although many clinicians start insulin treatment with three or more daily
injections, we begin most newly-diagnosed patients on two injections of insulin
per day using mixtures of human Lente (two-thirds) and Iispro (one-third) insu
lins. The rationale for using two rather than three or more injections at onset of
diabetes is that with aggressive control of blood levels, most children enter a
"honeymoon" or partial remission period after a few weeks of therapy. This
remission period is a result of increased insulin secretion by residual ~-cells and
improved insulin sensitivity with normalization of blood glucose levels (7). To
achieve these effects, we start each patient on a total daily dose of at least one
unit per kilogram body weight per day. Even more important, each component
ofthe insulin regimen is adjusted on the basis of fingerstick blood glucose levels
measured at least four times a day. The goal is to obtain pre-meal blood glucose
values within the normal range, and this is achieved via daily telephone contact
with the family for at least the first 3 weeks of treatment. The DCCT data indicate
that strict control of diabetes also serves to prolong the period of residual ~-cell

function in patients with type 1 diabetes (8).
During the "honeymoon," insulin requirements rapidly decrease. Com

monly, the doses of rapid-acting insulin are sharply reduced or discontinued dur
ing this time; many children are well managed with two injections of intermedi
ate-acting insulin and some may not even require an evening injection. In the
absence of symptomatic hypoglycemia, however, we try not to lower the total
daily dose of insulin below 0.20-0.25 units per kilogram body weight per day,
since these are doses that were safely employed even in prediabetic children in
the OPT-1 study (9).
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Types of insulin: R = rapid-acting (Regular, lispro, aspart) insulin; I = intermediate
acting (NPH, Lente) insulin; L = long-acting (Ultralente).

TABLE 1 Sample Insulin Regimens

Lunch/afternoon
Doses Breakfast snack Dinner

Two R + I R + I
R + I + L R + 1+ L
1+ L 1+ L

Three R + I ± L R
R + I R R + I ± L

Four R R lor L ± R

Bedtime

I ± R
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A major reason that the two-daily-injections regimen is effective during
the honeymoon phase is that endogenous insulin secretion provides much of the
overnight basal insulin requirements, leading to normal fasting blood glucose
values. Thus, increased and more labile pre-breakfast glucose levels often herald
the loss of the relatively small amount of residual endogenous insulin secretion
that is required for overnight glucose control. When residual ~-cel1 function
wanes, problems with the two-injection regimen become apparent. One is that
the peak of the pre-dinner intermediate-acting insulin may coincide with the time
of minimal insulin requirements (i.e., midnight to 4 A.M.). Subsequently, insulin
levels fall off when basal requirements are increasing (i.e., 4 to 8 A.M.). Increasing
the pre-supper dose of intermediate-acting insulin to lower fasting glucose values
often leads to hypoglycemia in the middle of the night without correcting hyper
glycemia before breakfast. Patients are especially vulnerable to hypoglycemia in
the middle of the night because the normal plasma epinephrine response to low
blood glucose levels is markedly blunted during deep sleep (10). Another problem
with the conventional two-injection regimen is high pre-supper glucose levels,
despite normal or low pre-lunch and mid-afternoon values. This is due in part
to eating an afternoon snack when the effects of the pre-breakfast dose of interme
diate-acting insulin is waning.

One way to deal with these problems without increasing the number of
injections is to add Ultralente insulin to the pre-breakfast and pre-supper mixtures
of lispro and Lente. With this combination in the morning, lispro covers breakfast,
Lente covers lunch, and Ultralente the late afternoon period. With the pre-supper
dose, lispro covers supper, Lente covers the bedtime snack and part of the over
night period, and Ultralente helps limit the pre-breakfast rise in plasma glucose.
However, when strict control cannot be achieved with two daily injections, we
do not hesitate to switch to a regimen involving three or more daily injections.
A common approach to the problem in the ovemight period is to use a three
injection regimen: lispro and Lente at breakfast, lispro only at dinner, and Lente
at bedtime. For youngsters who go to bed early, we recommend that parents give
the third shot at their bedtime (i.e., 10:00-11 :00 P.M.). Lispro can also be added
to the bedtime dose, especially if glucose levels are elevated. For patients with
elevated pre-supper glucose levels, a pre-lunch dose of Regular or a preafternoon
snack dose of lispro can be added. Such extra doses of insulin can be facilitated
by the use of insulin pens, which are small, light, and easy to use. Only a small
number of our patients are using a regimen of four or more injections of rapid
acting insulin before meals and intermediate insulin at bedtime.

Over the past few years, there has been a rediscovery of the effectiveness
of insulin pump therapy in the management of young patients with diabetes (11).
Indeed, we are much more likely to turn to this method of insulin replacement
than to more frequent injections in preadolescents who are coming out of their
honeymoon phase of diabetes.
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With insulin pump treatment, small amounts of rapid-acting insulin are in
fused as a basal rate, and larger bolus doses are given at each meal or snack. Al
though it is not yet labeled by the FDA for use in pumps, lispro insulin appears to
have advantages over Regular insulin in pump therapy (12). The pumps are battery
powered and about the size of a beeper. The "basal" rate can be programmed to
change every half hour, but it is unusual to need more than five or six basal rates.
Varying the basal rate can be particularly helpful in regulating overnight blood
glucose levels, since it can be lowered for the early part of the night to prevent
hypoglycemia and increased in the hours before dawn to keep glucose from rising.
However, younger children seem to need a higher basal rate during the night, per
haps due to earlier nocturnal peaks of growth hormone in this age group. Bolus
doses are given before meals based on glucose level, activity, and food intake. Pump
treatment can be especially useful in infants and toddlers who are picky eaters. In
this setting, part of the usual pre-meal bolus can be given prior to the meal and the
rest at the end of the meal depending on the actual amount of carbohydrate intake.
Indeed, most children and parents are encouraged to use carbohydrate counting (see
below) as a means to adjust pre-meal bolus doses. Pump therapy also enhances
flexibility in children with variable exercise and meal routines.

The pump employs a reservoir (syringe) to hold the insulin and the infusion
set, which consists of tubing with a small plastic catheter at the end. The insertion
site can be the abdomen or hip area, except in the young child in whom there
may not be sufficient subcutaneous tissue in the abdomen. Our patients are en
couraged to change their catheters every other day. Because only a rapid-acting
insulin is used in this pump, the child and parent must understand that the insulin
infusion should not be discontinued for more than 4 hours at a time.

Case Study: A Child with Newly Diagnosed Diabetes

An ll-year-old girl who weighed 40 kg was diagnosed with diabetes in her pedia
trician's office based on a fingerstick blood glucose level of greater than 300 mg/
dl and glycosuria but no ketonuria. Since she was not ketotic, she was admitted
directly to the hospital rather than being referred to the emergency department.
The initial total daily dose was 40 units (I unit/kg body weight): 27 units before
breakfast and 13 units before supper. Each of the doses was further divided as
one-third lispro and two-thirds Lente insulin. Thus, the pre-breakfast dose was
9 units lispro and 18 units Lente and the pre-supper dose was 4 units lispro and
9 units Lente. These were just the starting doses, and they were adjusted every
day based on blood glucose levels. After she went home, her mother was con
tacted daily by telephone at least once a day for about 4 weeks. By 2 weeks,
insulin doses had to be decreased because of low blood glucose readings. By 4
weeks, blood glucose levels were much less labile and the family felt much more
comfortable about making their own insulin dose adjustments.
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NEW INSULIN PREPARATIONS

Tamborlane and Ahern

Intermediate- and long-acting preparations of human insulin suffer from a number
of pharmacological problems, not the least of which is the failure to uniformly
mix these suspensions prior to injection. Human NPH insulin is a particularly
poor choice for basal insulin replacement, since there is a substantial peak in
insulin levels and insulin action 2-6 hours after subcutaneous injection. Even
human Ultralente has a significant peak action 8-12 hours after injection and
the dose-to-dose variability in absorption of all human insulin suspensions is
substantial.

Glargine insulin (Aventis Pharmaceuticals) is an analog of human insulin
with C-terminal elongation of the B-chain by two arginines and replacement of
asparagine in position A21 by glycine. This molecule is soluble in the acidic
solution in which it is packaged but relatively insoluble in the physiological pH
of the extracellular fluid. Consequently, microprecipitates of glargine insulin are
formed following subcutaneous injection, which markedly delays its absorption
into the systemic circulation. Pharamacokinetic and pharmacodynamic studies
have demonstrated that the insulin analog has a very flat and prolonged time
action profile. Results of a 6-month study of the efficacy and safety of glargine
in adolescents and children with diabetes showed modestly lower fasting blood
glucose levels and/or reduced risk of hypoglycemia with glargine than with hu-I
man NPH insulin. Additional studies and more clinical experience need to be
accumulated regarding use of this analog in youngsters with type 1 diabetes.1
Because glargine cannot be mixed with other insulins, it has to be given by sepa
rate injection, which might affect its acceptability to some youngsters.

Although there have been many failed attempts at finding alternatives to
insulin injections (13), use of aerosolized preparations for inhaled insulin delivery
is currently under active investigation. Preliminary studies in adults have been
promising enough (6) that phase 3 studies are already underway in preadolescents
as well as adolescents with type 1 diabetes. Like pump therapy, inhaled insulin
allows the patients to take pre-meal boluses of insulin with each meal and snack
without having to take extra insulin injections. However, one or more injections
of intermediate- or long-acting insulin are still needed for basal insulin replace
ment.

ADJUSTING INSULIN DOSES

Insulin replacement in children is a special challenge because insulin require
ments increase as weight and calorie intake increase and as residual endogenous
secretion declines. Regular self-monitoring of blood glucose (SMBG) allows the
family and clinicians to keep up with the chjld's steadily increasing insulin needs.
We request that blood glucose levels be checked at least four times per day (be-
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fore each meal and at bedtime). The most important component of 5MBG is the
interpretation of the results. The parent or child must be taught the target value
and the relationship among diet, exercise, and insulin. If the parent and/or child
grasp these concepts, they will make accurate adjustments aimed at achieving
target goals. If they are unable to make accurate adjustments, they should be
given guidelines on when to call the diabetes service for help. Day-to-day adjust
ments in the doses of rapid-acting insulin can be made based on the pre-meal
blood glucose value, amount of carbohydrate in the meal, and amount of antici
pated exercise. In addition, patients and parents should be taught to look for
repetitive patterns of hypo- or hyperglycemia, in order to make ongoing changes
in the usual insulin doses. To facilitate identification of trends, families are en
couraged to maintain either a handwritten or computer-generated record of glu
cose values in spreadsheet format.

Self-monitoring of blood glucose is subject to a variety of problems-for
example, patients often make up false numbers (14). These issues must be ad
dressed with the child and family. They must understand the reason for the tests
and that they are used only to make proper adjustments to keep them healthy.
Elevated glucose levels are not an indication that the diabetes is worsening or
that patients have been cheating on their diet. Instead, we emphasize that the:

I
tests are being done primarily to determine when they have outgrown their curren~
dose of insulin.

Even when performed correctly, four blood tests daily give only a limited
glimpse of the wide fluctuations in blood glucose that occur during a 24-hou~
period in children with diabetes. Consequently, the recent introduction of continu
ous glucose monitoring systems has the potential to be the most important ad
vance in assessing diabetes control in the past 20 years. In intensively treated
children and adolescents with type 1 diabetes, preliminary results in a relatively
small number of children suggest that continuous glucose monitoring will provide
a wealth of data regarding postprandial glycemic excursions and asymptomatic
nocturnal hypoglycemia that were unavailable from capillary blood glucose mea
surements (15). We anticipate that these technological breakthroughs will have
a great impact on diabetes management over the next few years. Continuous
monitoring of nocturnal glucose levels is likely to be particularly useful in pro
gramming overnight basal rates in pump-treated patients.

Measurements of glycosyolated hemoglobin (HbA Ie) provide the gold stan
dard by which to judge the adequacy of the insulin regimen. A variety of methods
are available for assaying glycosylated hemoglobin. A simple method that can
be performed in the office in 6 minutes (Bayer DCA 2000) offers the opportunity
to make immediate changes in the insulin regimen, while the patient is being
seen. The goal of treatment is to achieve HbA Ie levels as close to normal as
possible. Based on DCCT results (2), our general goal of therapy is to try to keep
all patients under 8.0%. HbA 1c levels are determined at least every 3 months.
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MATCHING INSULIN TO FOOD INTAKE

Tamborlane and Ahern

Diet guidance for children with diabetes is best provided by a nutritionist who
is an integral part of the treatment team and comfortable working with children.
In addition to helping achieve optimal glucose levels and normal growth and
development, nutritional management of diabetes is aimed at reducing the risk for
other diseases such as obesity, high blood cholesterol, and high blood pressure.
Underlying all these is the establishment of sound eating patterns that include
balanced, nutritious foods and consistent timing of food intake (16).

The American Diabetes Association dietary guidelines are used for dietary
counseling. In addition to incorporating sound nutritional principles concerning
fat, fiber, and carbohydrate content, the importance of consistency in meal size
and regularity in the timing of meals is emphasized. The prohibition of simple
sugar in the diet has been de-emphasized, but it should still comprise no more
than 10% of total carbohydrate intake. The success of the nutritional program
may ultimately depend on the degree to which the meal planning is individualized
and tailored to well-established eating patterns in the family. Moreover, flexibility
can be enhanced if blood glucose monitoring results are used to evaluate the
impact of change in dietary intake. As with other aspects of the treatment regi
men, we preach consistency and teach how to adjust for deviations from the
prescribed diet.

Carbohydrate counting, an increasingly popular way to increase flexibility
in food intake, is commonly used by patients using insulin pumps or multiple
daily injections. The amount of insulin that is needed for each gram or serving
of carbohydrate is used to calculate the amount of Regular or lispro insulin to
be taken depending on the amount of carbohydrate in the meal. With instructions
on how to use nutritional labels on food packages, even children can become
expert at counting carbohydrates. An even simpler method is to vary the dose
of Regular or lispro by one or two units according to whether it is a small, regular,
or large meal. Some foods-pizza, for example-that cause a prolonged increase
in blood glucose levels may require an increase in the amount of intermediate
acting insulin or a temporary change in overnight basal rates in pump-treated
patients.

EXERCISE

Regular exercise and active participation in organized sports have positive impli
cations for the psychosocial and physical well-being of our patients. Parents and
patients should be advised that different types of exercise may have different
effects on blood glucose levels. For example, sports that involve short bursts of
intense exercise may increase rather than decrease blood glucose levels (17). On
the other hand, long-distance running and other prolonged activities are more

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



Insulin Therapy in Children 135

likely to lower blood glucose levels. Parents also need to be warned that a long
bout of exercise during the day may lead to hypoglycemia while the child is
sleeping during the night, which may require a reduction in the dose of intermedi
ate- or long-acting insulin.

OUTPATIENT CARE

Children and adolescents with type I diabetes should be routinely cared for by
a diabetes center that uses a multidisciplinary team knowledgeable about and
experienced in the management of young patients. Ideally, this team should con
sist of pediatric diabetologists, diabetes nurse specialists, nutritionists, and social
workers or psychologists.

In newly diagnosed patients, the first few weeks are critically important
in the process of teaching self-management skills to the parent and child. With
this age group, the parent is usually in daily contact with the diabetes clinical
nurse specialist. Glucose levels, adjustment to diabetes, diet, and exercise are
reviewed. The timing of the phone calls should be prearranged and ideally made
to the same clinician. After making the insulin adjustment for the day, the ratio
nale should be explained to the parent. Usually within 3 weeks the parents are
feeling more confident and many are ready to attempt to make their own adjust
ments.

Once glucose levels have been stabilized, regular follow-up visits every 2
or 3 months are recommended for most patients (18). The main purpose of these
visits is to ensure that the patient is achieving primary treatment goals. In addition
to serial measurements of height and weight, particular attention should be paid
to monitoring of blood pressure and examinations of the optic fundus, thyroid,
and subcutaneous injection sites. Routine outpatient visits provide an opportunity
to review glucose monitoring, to adjust the treatment regimen, and to assess child
and family adjustment. Follow-up advice and support should be given by the
nutritionist, diabetes nurse specialist, and psychologist or social worker. Use of
the telephone, fax, or email should be encouraged for adjustments in the treatment
regimen between office visits.

HYPOGLYCEMIA

Severe hypoglycemia is a common problem in patients striving for strict glycemic
control with intensive treatment regimens. In the DCCT, the risk of severe hypo
glycemia was threefold higher in intensively treated patients than in convention
ally treated patients, and being an adolescent was an independent risk factor for
a severe hypoglycemic event, as mentioned earlier (2). The majority of severe
hypoglycemic events occur overnight due, in part, to sleep-induced defects in
counterregulatory hormone responses to hypoglycemia (10).
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Monitoring glucose is critical in order to detect asymptomatic hypoglyce
mia, especially in the young child with diabetes. The older child is usually aware
of such symptoms as weakness, shakiness, hunger, or headache, and is encour
aged to treat these symptoms as soon as they occur. The older child who can
accurately recognize symptoms is taught to immediately treat with 15 grams of
carbohydrate (e.g., three or four glucose tablets, 4 ounces of juice, or 15 grams
of a glucose gel) without waiting to check a glucose level. Each episode should
be assessed in order to make proper adjustments if a cause can be identified.
Every family should have a glucagon emergency kit at home in order to treat
severe hypoglycemia.

SICK-DAY RULES

Children with intercurrent illnesses, such as infections or vomiting, should be
closely monitored for elevations in blood glucose levels and ketonuria. On sick
days, blood glucose levels should be checked every 2 hours and the urine should
be checked for ketones with every void. Supplemental doses of short-acting insu
lin (0.1 to 0.3 units/kg) should be given every 2 to 4 hours for elevations in
glucose and ketones. Because of its more rapid absorption, lispro will lower
plasma glucose faster than Regular insulin. If the morning dose has not been
given and the child has a modestly elevated glucose level (150 to 250 mg/dI),
small doses of NPH can be given to avoid too rapid a fall in plasma glucose
levels. This works especially well in young children whose glucose levels fall
quickly with rapid-acting insulin. Adequate fluid intake is essential to prevent
dehydration. Ruids such as flat soda, clear soups, popsicles, and gelatin water
are recommended to provide some electrolyte and carbohydrate replacement. If
vomiting is persistent and ketones remain moderate or high after several supple
mental insulin doses, arrangements should be made for parenteral hydration and
evaluation in the emergency department.

Children receiving Ultralente insulin seem to be prone to the development
of hypoglycemia and ketonuria during episodes of gastroenteritis. If the child is
unable to retain oral carbohydrate, then small doses of glucagon (i.e., 0.1-0.2
mg), given subcutaneously every 2 to 4 hours, can be used to maintain normal
blood glucose levels.

Parents are told from the time of diagnosis that vomiting is a diabetes emer
gency and tllat tlley need to call for help after first checking blood glucose and
urine ketone levels. This is especially true for children on pump therapy, since
a catheter occlusion can throw the child into ketosis rapidly. If a pump-treated
patient has elevated glucose and ketone levels, they are instructed to take a bolus
injection of lispro insulin by syringe. The dose of insulin varies between 0.2 and
0.4 units per kilogram. They are then instructed to change their infusion set and
to program a temporary basal rate at twice the usual basal rate for 4-5 hours.

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



Insulin Therapy in Children 137

Blood glucose and urine ketone levels are rechecked every hour, and additional
bolus doses can be given as needed. Once vomiting ceases and ketones become
negative, the basal rate is returned to its usual setting. If the patient is not improv
ing with these measures, then the child should be evaluated by a physician.
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Insulin Therapy in Pregnancy

Lois Jovanovic
Sansum Medical Research Institute, Santa Barbara, California

INTRODUCTION

Before the advent of insulin, few diabetic women lived to childbearing age. Be
fore 1922, fewer than 100 pregnancies in diabetic women were reported; most
likely these women had type 2 and not type 1 diabetes. Even with this assumption,
these cases of diabetes and pregnancy were associated with a greater than 90%
infant mortality rate and a 30% maternal mortality rate. As late as 1980, physi
cians were still counseling diabetic women to avoid pregnancy. This philosophy
was justified because of the poor obstetric history in 30% to 50% of diabetic
women. Infant mortality rates finally improved after 1980, when treatment strate
gies stressed better control of maternal plasma glucose levels, once self-blood
glucose monitoring and hemoglobin A lc (HbA lc ) became available. As the patho
physiology of pregnancy complicated by diabetes has been elucidated and as
management programs have achieved and maintained near-normal glycemia
throughout pregnancy complicated by type I diabetes, perinatal mortality rates
have decreased to levels seen in the general population. This review is intended
to help clinicians understand the increasing insulin requirements of pregnancy
and to design treatment protocols to achieve and maintain normoglycemia
throughout pregnancy.
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GLUCOSE TOXICITY AND THE ROLE
OF POSTPRANDIAL HYPERGLYCEMIA

Jovanovic

If a mother has hyperglycemia, the fetus will be exposed to either sustained hyper
glycemia or intermittent pulses of hyperglycemia. Both situations prematurely
stimulate fetal insulin secretion. Fetal hyperinsulinemia may cause increased fetal
body fat (macrosomia), and therefore a difficult delivery, or inhibition of pulmo
nary maturation of surfactant, and therefore respiratory distress of the neonate.
The fetus may also have decreased serum potassium levels caused by the elevated
insulin and glucose levels, which may lead to cardiac arrhythmias. Neonatal hy
poglycemia may cause permanent neurological damage.

There is also a greater prevalence of congenital anomalies and spontaneous
abortions among diabetic women who are in poor glycemic control during the
period of fetal organogenesis, which is nearly complete by 7 weeks postconception.
A woman may not even know she is pregnant at this time, so prepregnancy counsel
ing and planning are essential in women of childbearing age who have diabetes.
Because organogenesis is complete so early on, if a woman presents to her health
care team and announces that she has missed her period by only a few days, there
is still a chance to prevent cardiac anomalies by swiftly normalizing the glucose
levels (although the neural tube defects are already "set in stone" by the time the
first period has been missed). These findings emphasize the importance of glycemic
control at the earliest stages of conception. Ideally, if a diabetic woman plans her
pregnancy, then there is time to create algorithms of care that are individualized
and a woman can be given choices. When a diabetic woman presents in her first
few weeks of pregnancy, there is no time for individualization; rather rigid proto
cols must be urgently instituted to provide optimal control within 24-48 hours.

After the period of organogenesis, maternal hyperglycemia interferes with
normal growth and development during the second and third trimesters. The ma
ternal postprandial glucose level has been shown to be the most important vari
able in the subsequent risk of neonatal macrosomia. The fetus thus is "overnour
ished" by the peak postprandial. This peak response occurs in over 90% of
woman 1 hour after beginning a meal. Therefore, the glucose level at that I-hour
point needs to be measured and treatment designed to maintain glucose in the
normal range at that point. Studies have shown that when the postprandial glucose
levels are maintained, from the second trimester onward, below 120 mg/dl 1 hour
after beginning a meal, the risk of macrosomia is minimized.

DIABETOGENIC FORCES OF NORMAL PREGNANCY
INCREASE THE INSULIN REQUIREMENTS

Fetal demise associated with pregnancy complicated by type 1 diabetes seems
to arise from glucose extremes. Elevated maternal plasma glucose levels should
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always be avoided, because of the association of maternal hyperglycemia with
subsequent congenital malformation and spontaneous abortions. To achieve nor
moglycemia, a clear understanding of "normal" carbohydrate metabolism in
pregnancy is paramount. Thus, the amount of insulin required to treat type 1
diabetic women throughout pregnancy needs to be sufficient to compensate for
I) increasing caloric needs, 2) increasing adiposity, 3) decreasing level of exer
cise, and 4) increasing anti-insulin or diabetogenic hormones of pregnancy.

The major diabetogenic hormones of the placenta are human chorionic so
matomammotropin (hCS), previously referred to as human placental lactogen
(hPL), estrogen, and progesterone. Also, serum maternal cortisol levels (both
bound and free) are increased. In addition, at the elevated levels seen during
gestation, prolactin has a diabetogenic effect.

The strongest insulin antagonist of pregnancy is hCS. This placental hor
mone appears in increasing concentration beginning at 10 weeks of gestation.
By 20 weeks of gestation, plasma hCS levels are increased 300-fold, and by tenn,
the turnover rate is about 1000 mg/dl. The mechanism of action whereby hCS
raises plasma glucose levels is unclear, but probably originates from its growth
hormone-like properties. hCS also promotes free fatty-acid production by stimu
lating lipolysis, which promotes peripheral resistance to insulin.

Placental progesterone rises lO-fold above non-pregnancy levels and is as
sociated with an insulin increase in normal healthy pregnant women by two- to
fourfold.

Most of the marked rise of serum cortisol during pregnancy can be attrib
uted to the increase of cortisol-binding globulin induced by estrogen. However,
free cortisol levels are also increased. This increase potentiates the diurnal fluc
tuations of cortisol with the highest levels occurring in the early-morning hours.

The rising estrogen levels also trigger the rise in pituitary prolactin early
in pregnancy. Prolactin's structure is similar to that of growth hormone, and at
concentrations reached by the second trimester (>200 ng/ml) prolactin can affect
glucose metabolism. Although no studies have examined prolactin alone as an
insulin antagonist, there is indirect evidence that suppressing prolactin in gesta
tional diabetic women with large doses of pyridoxine improves glucose tolerance.

In addition to the increasing anti-insulin hormones of pregnancy, there is
also increased degradation of insulin in pregnancy caused by placental enzymes
comparable to liver insulinases. The placenta also has membrane-associated insu
lin-degrading activity. Concomitant with the hormonally induced insulin resis
tance and increased insulin degradation, the rate of disposal of glucose slows.
The normal pancreas can adapt to these factors by increasing the insulin secretory
capacity. If the pancreas fails to respond adequately to these alterations, then
gestational diabetes results. In a woman with type 1 diabetes, her insulin require
ment will rise progressively. Failure to increase her insulin doses appropriately
will result in increasing hyperglycemia.
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RATIONALE FOR THE USE OF HUMAN INSUUN
DURING PREGNANCY

Jovanovic

Maternal anti-insulin antibodies may contribute to hyperinsulinemia in utero and
thus potentiate the metabolic aberrancy. Although insulin does not cross the pla
centa, antibodies to insulin do, and may bind fetal insulin; this necessitates the
increased production of free insulin to re-establish normoglycemia. Thus, the
anti-insulin antibodies may potentiate the effect of maternal hyperglycemia to
produce fetal hyperinsulinemia. Human and highly purified insulins are signifi
cantly less immunogenic than mixed beef-pork insulins. Human insulin treat
ment has been reported to achieve improved pregnancy and infant outcome com
pared with the use of highly purified animal insulins. Recently the insulin analog
lispro (which has the amino acid sequence in the ~ chain reversed at position
B28, B29) has been reported to be more efficacious than human Regular insulin
in normalizing blood glucose levels in gestational diabetic women. This insulin
lowered the postprandial glucose levels, thereby decreasing the glycosylated he
moglobin levels, with fewer hypoglycemic episodes and without increasing the
anti-insulin antibody levels. Although the safety and efficacy of insulin lispro in
the treatment of type 1 and type 2 diabetic women throughout pregnancy have
not yet been reported, there have been scattered case reports of infants born with
congenital malformations. Regardless of the type of insulin used, the risk for
severe malformations in infants of diabetic mothers is greater than that in infants
of nondiabetic mothers: 5.2-16.8% versus 1.2-3.7%. This risk is drastically re
duced, however, when the mother has excellent blood glucose control and main
tains an HbA\c below 5%. Thus, the clinician needs to explain to the patient tha~

there are no clinical trials in which insulin analogs have been proven to be withou
risk, but using the newer insulin analogs may facilitate better glucose control,
and normalization of the glucose is paramount if congenital anomalies are to b
prevented.

INSULIN REQUIREMENTS

Type I diabetic women must increase their insulin dosage to compensate for the
diabetogenic forces of normal pregnancy. However, the exact patterns of insulin
dosage increase are still controversial. Many observers have detected a decline
in insulin requirement in the late first trimester of diabetic pregnancies. Jorgen
Pedersen, the father of the study of diabetes in pregnancy, was among the first
to write about first-trimester hypoglycemia as a symptom of pregnancy and noted
that it had long been common knowledge among physicians. Pedersen wrote,
"Those physicians who manage diabetic women should be particularly alert for
hypoglycemia in women who have recently become pregnant. About the 10th
week of gestation there is an improvement in glucose tolerance manifesting itself
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as insulin coma, milder insulin reaction or an improvement in the degree of com
pensation. When a reduction in insulin dosage is called for it amounts to an
average of 34%." Indeed, he even claimed, "Once in a while pregnancy may
be diagnosed on account of inexplicable hypoglycemic attacks." In all 26 cases
of insulin coma collected, he found that coma occurred in the first to fourth month,
with the majority occurring at months 2 to 3. He also noted that by late gestation,
regardless of the metabolic control and duration of diabetes. average daily insulin
requirements increased twofold from earlier in pregnancy.

Early-first-trimester overinsulinization might explain a later-first-trimester
drop in insulin requirement. One example of this effect may be the significantly
greater weight gain seen in the first trimester by diabetic women compared with
normal healthy women. Perhaps the drive to increase calorie intake to prevent
hypoglycemia in the first trimester may have been the cause of the first-trimester
excessive weight gain in the diabetic women.

On the other hand, others have not seen the first-trimester decrease in insu
lin requirement. There are also reports of rising insulin requirement in the first
trimester. My colleagues and I have described the declining insulin requirements
during pregnancy of a population of well-controlled type 1 diabetic women, pos
sibly lending credence to the notion that first-trimester overinsulinization may
be the cause of the hypoglycemia seen by some in the first trimester. Based on
our studies of well-controlled diabetic women, we have created an algorithm for
care and an insulin-requirement protocol based on gestational week and a wom
an's current pregnant body weight. The total daily dose of insulin in the first
trimester (weeks 5-12) is 0.7 units/kg per day; in the second trimester (weeks
12-26), the total daily dose is 0.8 unit/kg per day; in the third trimester (weeks
26-36), it is 0.9 units/kg/day; and at term (weeks 36-40) the total daily dose
of insulin is 1.0 units/kg/day (Table 1). The insulin needs to be divided through
out the day to provide the basal need (the dose of insulin that keeps levels normal
in the fasting state) and the meal-related need.

The basal need-usually 50% of the total daily insulin dose (I)-may be
delivered using a constant-infusion pump (Table 2) or by multiple doses of inter
mediate-acting insulin (Table 1). When using a constant-infusion pump, the basal
need is calculated as an hourly rate and is delivered such that the calculated rate
(lh I divided by 24) is given between 10 A.M. and midnight. The rate is cut in
half (lh I divided by 24 X 0.5) from midnight to 4 A.M., and increased by another
50% (lh I divided by 24 X 1.5) to counteract the morning rise of conisol levels
that are potentiated during pregnancy.

When we use multiple insulin injections to provide the basal need, we pre
fer to use NPH insulin because it has a more predictable absorption pattern than
Lente or Ultralente insulin. Also, the recently developed long-acting insulin ana
logs (insulin glargine or insulin detemir) have not yet been proven to be safe or
efficacious in pregnancy.
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TABLE 1 Initial Calculation of Insulin Therapy
for Pregnancy

Fraction of total daily insulin dose (I)

Jovanovic

Pre-breakfast
Pre-lunch
Pre-dinner
Bedtime

1\1 PH
(50% of I)

1/6

1/6
1/6

Regular/I ispro/aspart
(50% of I)

4/20 (0.20)
3/20 (0.15)
3/20 (0.15)

I = 0.7 units x present pregnant weight in kilograms for weeks
1-12; 0.8 units x present pregnant weight in kilograms for weeks
12-26; 0.9 units x present pregnant weight in kilograms for
weeks 26-36; 1.0 units x present pregnant weight in kilograms
for weeks 36-40.

Our preferred use of NPH is to give one-sixth of the total daily dose of
insulin as morning, dinner, and bedtime injections (i.e., NPH dose equals 50%
of daily dose divided into three equal injections of NPH given every 8 hours, or
at 8 A.M., 4 P.M., and 12 midnight) (Table 1).

The other half of the total daily insulin dose should be a short-acting insulin
(human Regular, insulin lispro, or insulin aspart) given before each meal to con-

TABLE 2 Basal Insulin-Pump Program Using Human Regular, Insulin
Lispro, or Insulin Aspart (basal (B) = '12 total daily insulin dose (I); B/24 =
hourly rate)

Period
Basal requirement

(hourly infusion rate) Rationale
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To refine basal settings, have the patient perform 5MBG at the end of each period to
determine whether adjustments are needed. For instance, at the 4:00 A.M. test, blood
glucose should be 60-90 mg/dl. If blood glucose is out of this range, dial up or down
insulin in increments of 0.10 U/hr.

12:00-4:00 A.M. 50% less basal
(B/24 x 0.5)

4:00-10:00 A.M. 50% more basal
(B/24 x 1.5)

10:00 A.M.-12:00 A.M. Basal
(B/24)

Maternal cortisol at nadir

Highest level of maternal
cortisol
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TABLE 3 Pre-Meal Sliding-Scale Dose Calculation Using
Rapid-Acting Insulin a

145

Pre-meal BG
(mg/dl)

<60

61-90
91-120

>121

Compensatory insulin

Meal-related insulin dose minus 3% of the total daily insu
lin dose

Meal-related insulin dose, no adjustment necessary
Meal-related insulin dose plus 3% of the total daily insulin

dose
Meal-related insulin dose plus 6% of the total daily insulin

dose

a Human Regular insulin, insulin lispro, or insulin aspart.

trol postprandial glycemia (Table 1). This dose of short-acting insulin can be
given using the insulin infusion pump or by multiple doses of subcutaneously
injected insulin.

The meal-related insulin dose (one-half the total daily insulin requirement)
is divided such that 40% of the meal-related dose is given to cover breakfast and
the remaining 60% covers the lunch and dinner meals (Table 1). The exact divi
sion of this meal-related insulin dose depends on the size of the woman's lunch
versus her dinner. Breakfast necessitates the majority of the meal-related dose
because the diurnal variation in cortisol levels is potentiated by pregnancy.

Compensatory doses to adjust for high or low glucose levels are calculated
as 3% of total daily insulin requirement (Table 3). Clinicians should note that
hyperglycemia will occur if a patient uses only insulin lispro or insulin aspart
for the meal-related needs and the woman goes a long time between meals. The
dose of NPH insulin may not be sufficient to prevent an escape of the blood
glucose before the next dose of insulin is given. To prevent this escape of blood
glucose when longer than 3 hours elapses between injections of the rapid-acting
insulin analogs of lispro or aspart, the patient should add 3% of her total daily
insulin requirement as Regular human insulin to the lispro injection to extend
the effectiveness of the short-acting component.

DIETARY PRESCRIPTION

The goal of dietary management for the type 1 diabetic woman is to maintain
normoglycemia. Moreover, in either the insulin-requiring gestational diabetic
woman or the type 1 diabetic woman, the food and the insulin must match. The
diet shown in Table 4 of frequent small feedings is designed to avoid postprandial
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TABLE 4 Total Daily Dietary Calculations
for Pregnant Women

% of daily
Fraction ca rbo hydrate

Time Meal (kcal/24 hr) allowed

8:00 A.M. Breakfast 2/18 10
10:30 A.M. Snack 1/18 5
12:00 noon Lunch 5/18 30
3:00 P.M. Snack 2/18 10
5:00 P.M. Dinner 5/18 30
8:00 P.M. Snack 2/18 5
11:00 P.M. Snack 1/18 10

The total daily caloric need is calculated based on current pregnant
weight to be 30 kcal/kg per day for a woman who is 80-120% of
her ideal body weight, 24 kcal/kg per day for a woman 120-150%
of her ideal body weight, 18 kcal/kg per day for a woman 150-200%
of her ideal body weight, and 12 kcal/kg per day for a woman
greater than 200% of her ideal body weight.

Jovanovic

hyperglycemia and preprandial starvation ketosis, and to promote an average
weight gain of 12.5 kg in accord with the Committee on Maternal Nutrition,
National Academy of Sciences. In the obese type 1 diabetic woman, fewer calo
ries per kilogram of total pregnant weight are needed to prevent ketosis yet pro
vide sufficient nutrition for the fetus and mother (Table 4). Recently it has been
reported that when overfeeding of the pregnant woman completely suppresses
ketone production, there is an increased risk of macrosomia.

Each diabetic woman should have her diet prescribed and the monitoring
protocol explained at the same visit. No matter how educated the pregestational
woman is about managing her diabetes, metabolism is affected so greatly by
pregnancy that reinforcement is necessary. Ideally, education to achieve and
maintain normoglycemia should be before conception or as soon as the diagnosis
of pregnancy has been made. Usually, it requires 5 to 7 days to teach the patient
the requisite goals and skills to normalize her plasma glucose level throughout
gestation through the use of insulin adjustments. The training process is best
achieved in centers specialized for education of diabetes self-care.

BLOOD GLUCOSE MONITORING

Because normal pregnant women have lower fasting glucose levels than non
pregnant people (fasting 60-90 mg/dl) and postprandial glucose levels should
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not exceed 120 mg/dl (or the risk of macrosomia increases exponentially), insulin
doses should be adjusted upward if more than 2 days of glucose levels are above
preprandial levels of 90 mg/dl or postprandial glucose levels are greater than
120 mg/dl. In order to titrate against the ever-increasing insulin requirements of
pregnancy, the basal dose of insulin should be increased by 0.1 units per hour.
This insulin increase will be heralded by a rise in the preprandial glucose levels.
In addition, the increased insulin requirements are addressed by an increase in
meal-related insulin dose. When the postprandial glucose levels are elevated (in
90% of women this peak is reached 1 hour after beginning a meal), the following
day's corresponding pre-meal injection should be increased by an additional 3%
of the total daily insulin.

This titration of insulin is based on frequent glucose monitoring and ensures
a smooth increase of insulin as the pregnancy progresses to a higher insulin re
quirement of up to 1.0 unit/kg/day at term (Table 1). Twin gestations will cause
an approximate doubling of the insulin requirement throughout pregnancy.

The outpatient visits should be frequent enough to provide the needed con
sultation, guidance, and emotional support to facilitate compliance. Moreover,
tests and therapy should be appropriate for gestational age (Table 5). The health
care delivery team should put forth an extra effort during pregnancy. Each patient
should have telephone access to the team on a 24-hour basis for questions con
cerning therapy, and visits should be frequent (e.g., 2 weeks apart).

TABLE 5 Important Tests for Monitoring Concomitant Diseases
and Glucose During Pregnancies Complicated by Type 1 Diabetes

Test

Eye examination

Kidney function

Thyroid function

Self-blood glucose monitoring:
target capillary whole
blood glucose:

Pre-meal <90 mg/dl
Post-meal <120 mg/dl

Blood pressure and weight

Frequency

Prior to conception and then once each
trimester

Prior to conception and once each
trimester

Prior to conception and once each
trimester

Prior to conception and once every 2-4
weeks

Before meals and 1 hour after meals

Prior to conception and at each visit
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GLYCOSYLATED HEMOGLOBIN DETERMINATIONS

Jovanovic

Glycosylated hemoglobin levels are not sensitive enough to detect minor eleva
tions of glucose and cannot be used as a screening tool for gestational diabetes;
however, the glycosylated hemoglobin levels can be used as a monitor of "con
trol." Serial detenninations (once every 2 weeks) can reinforce the patient's rec
ords and are useful when the patient sees her own trends compared with her
starting glycosylated hemoglobin level. Treatment decisions should be based
solely on the self-monitored glucose levels, with double-checking of this value
with a laboratory standard.

The best way to use glycosylated hemoglobin in pregnancy is to create
"pregnancy norms." Because the mean plasma glucose level is about 20% lower
in pregnancy, the glycosylated hemoglobin levels in nonnal pregnancy are about
20% lower than nonpregnant levels. When a glycosylated hemoglobin level is
markedly elevated above the mean for a nondiabetic pregnant woman in the first
8 weeks of pregnancy, then the risk of a congenital anomaly in the infant rises
fourfold above the risk in the general population. Achieving a glycosylated hemo
globin level in the nonnal range of nondiabetic pregnant women decreases the
rates of retinopathy progression, spontaneous abortion, and birth defects to near
those in the general population.

INSULIN AND GLUCOSE TREATMENT DURING LABOR

With improvement in antenatal care, intrapartum events play an increasingly cru
cial role in the outcome of pregnancy. The intravenous glucose and insulin may
be used to maintain normoglycemia during labor and delivery, but nonnogly
cemia can be maintained easily by subcutaneous injections. Before active labor,
insulin is required, and glucose infusion is not necessary to maintain a blood
glucose level of 70 to 90 mg/dl. With the onset of active labor, insulin require
ments decrease to zero and glucose requirements are relatively consistent at 2.5
mg/kg/min. From these data, a protocol for supplying the glucose needs of labor
has been developed.

The goal is to maintain maternal plasma glucose between 70 and 90 mg/dl.
In cases of the onset of active spontaneous labor, insulin is withheld and an
intravenous dextrose infusion is begun at a rate of 2.55 mg/kg/min. If labor is
latent, normal saline is usually sufficient to maintain normoglycemja until active
labor begins, at which time dextrose is infused at 2.55 mg/kg/min. Blood glucose
is then monitored hourly, and if it is below 60 mg/dl, the infusion rate is doubled
for the subsequent hour. If the blood glucose rises to more than 120 mg/dl, 2 to
4 units of Regular insulin is given intravenously each hour until the blood glucose
level is 70 to 90 mg/dl. In the case of an elective cesarean section, the bedtime
dose of NPH insulin is repeated at 8 A.M. on the day of surgery and every 8 hours
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if the surgery is delayed. A dextrose infusion may be started if the plasma glucose
level falls below 60 mg/dl, and 2 to 4 units of Regular insulin given intravenously
every hour if the blood glucose rises to above 120 mg/dl.

POSTPARTUM

Maternal insulin requirements usually drop precipitously postpartum, and these
requirements may be decreased for 48 to 96 hours postpartum. Insulin require
ments should be recalculated at 0.6 unit/kg based on the postpartum weight and
should be started when the I-hour postprandial plasma glucose value is above
150 mg/dl or the fasting glucose level is greater than 100 mg/dl. The postpartum
caloric requirements are 25 kcal/kg/day, based on postpartum weight. For women
who wish to breastfeed, the calculation is 27 kcal/kg/day and insulin require
ments are 0.6 unit/kg/day. The insulin requirement during the night drops dramat
ica�ly during lactation, owing to the glucose siphoning into the breast milk. Thus,
the majority of the insulin requirement is needed during the daytime to cover the
increased caloric needs of breastfeeding. Normoglycemia should especially be
prescribed for nursing diabetic women, because hyperglycemia elevates milk glu
cose levels.

NEONATAL CARE

If blood glucose concentration is normalized throughout pregnancy in a woman
with diabetes, there is no evidence that excess attention need be paid to her off
spring. However, if normal blood glucose level has not been documented
throughout pregnancy, it is wise to monitor the neonate in an intensive-care situa
tion for at least 24 hours postpartum. Blood glucose level should be monitored
hourly for 6 hours. If the neonate shows no signs of respiratory distress, hypocal
cemia, or hyperbilirubinemia at 24 hours after delivery, it is safe to discharge to
the normal nursery.

CONCLUSION

With the advent of tools and techniques to maintain normoglycemia before, dur
ing, and between all pregnancies complicated by diabetes, infants of diabetic
mothers now have the same chances of good health as infants born to nondiabetic
women. Animal and human studies clearly implicate glucose as the teratogen.
These studies and others emphasize the need for preconceptional programs, and
the need for support systems to facilitate the maintenance of normoglycemia
throughout pregnancy. The morbidity and subsequent development of the infant
of the diabetic mother are associated with hyperglycemia. Therefore, the goal of
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insulin therapy is to achieve and maintain normoglycemia before, during, and

after all pregnancies complicated by diabetes.
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Insulin Management of Hospitalized
Diabetic Patients

Muriel H. Nathan and Jack L. Leahy
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

Adults with diabetes mellitus are admitted to the hospital more frequently than
nondiabetics, often for prolonged periods. Particularly common are admissions
for hyperglycemic emergencies, local or systemic infections, unstable angina or
myocardial infarction, stroke, and orthopedic injuries. One would hope that hospi
talization would be a time to reinforce the principles of optimal diabetes care.
Instead, glycemic control in the inpatient setting, especially in insulin-treated
patients, is often unsuccessful. There are many reasons for this, some relating to
glycemic effects of the underlying illness or the pharmaceuticals used to treat it;
dietary changes are also a factor. More troubling is that hospital staffs are often
poorly trained in insulin usage- "sliding-scale" regimens are still standard med
ical practice despite the fact that they rarely allow stable glycemia even under
ideal medical conditions (I). Further, there remains no consensus as to what con
stitutes optimal glycemic care for the inpatient. The past few years have seen
the publication of many important studies proving the importance of rigorous
outpatient glycemic control for the prevention of microvascular complications.
In contrast, there is very little literature supporting benefits of aggressive gly-
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cemic control for inpatients in terms of lowered morbidity, mortality, or shorter
hospitalization time. Rather, many practitioners consider prevention of hypogly
cemia the dominant goal for inpatients, and aim to not let the blood glucose fall
below 200 mg/dl. Thus, the average practitioner is unclear about the importance,
or method, for blood glucose management in the hospital.

Not surprisingly, diabetes specialists have a different philosophy. They un
derstand the difficulty of diabetes management for inpatients, but also advocate
making every effort possible to optimize glucose control. Of concern are detri
mental effects of hyperglycemia and insulin deficiency on mental alertness, vol
ume status, wound healing, risk of infection, and nutritional status. Also, literature
is beginning to appear showing benefits of aggressive diabetes control after myo
cardial infarction (2,3) and coronary bypass (4), with similar benefits assumed
following stroke and in infected patients (5). [Recent information has shown in
tensive insulin therapy lowers morbidity and mortality in patients on mechanical
ventilation in a surgical intensive care unit (5a).] The recommended approach is
to establish a multidisciplinary team of experts in inpatient diabetes manage
ment-physicians, dietitians, nurse educators, and pharmacists-to care for com
plex patients. Several recent reviews explain how to provide optimal nutritional
and metabolic care for insulin-taking inpatients (5-10).

GENERAL PRINCIPLES

Identify Patients with Diabetes

One complicating factor is that many patients are not known to have diabetes at
admission. It is estimated that 50% of those with type 2 diabetes in the United
States are undiagnosed. Also, as many as one-third of persons with hyperglyce
mia on admission have recent-onset diabetes from the acute illness or its therapy,
such as steroids (11). Further confusing the issue, the diagnostic criteria for diabe
tes are based on blood glucose values in healthy ambulatory patients, and many
physicians tend to discount newly recognized hyperglycemia in ill patients. Sev
eral years ago, a study of patients admitted with a myocardial infarction suggested
that random glucose values of greater than 180 mg/dl predicted undiagnosed
diabetes (12). A recent study used 200 mg/dl (10). Hyperglycemia should be
looked for in every patient admitted to the hospital whether or not there is a
known dia[?nosis ofdiabetes. Findin[? hyper[?lycemia should lead to appropriate
inpatient therapy as well as evaluation after the acute illness of the patient's
glycemic status.

Type of Diabetes

It is useful to classify patients in terms of their type of diabetes. This is of greatest
importance in the outpatient setting to ensure that insulin-deficient types of diabe-
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tes-type 1, pancreas damage, latent autoimmune diabetes in adults (LADA)
are identified and appropriately treated. Laboratory assessments of diabetes im
mune markers, such as glutamic acid decarboxylase (GAD) antibody or insulin
secretion by c-peptide, may be needed, as it is now recognized that 10-15% of
patients who are thought to have type 2 diabetes show presence of an autoimmune
etiology (13). They are thinner on average than patients with type 2 diabetes, but
phenotypic assessment alone is not able to discriminate type 2 diabetes from
slow-onset type 1 diabetes in many of these patients.

Type of diabetes is less of an issue for the inpatient setting, since usage
of oral hypoglycemics is generally discouraged for acutely ill patients. However,
one benefit of knowing which patients have insulin deficiency is that it can be
made sure that they receive 24-hour insulin coverage. Sliding-scale insulin orders
are typically written to provide coverage for blood glucose values that are mea
sured only during waking hours. Failing to give insulin during the night to insulin
deficient patients is guaranteed to cause nighttime and morning hyperglycemia,
and may result in ketoacidosis. As described above, the pathogenesis of the diabe
tes is not always apparent from body phenotype or whether the patient was taking
insulin on admission. Thus, a useful principle in the hospital is to provide 24
hour coverage for all patients receiving insulin.

Nutritional Status and Required Caloric Support
for the Patient

It is not possible to determine insulin coverage, in terms of either timing or dos
age, without knowing your patient's schedule of nutrition. Caloric requirements
for outpatients are typically 25-30 kcal/kg body weight. With illness or after
surgery, caloric needs are usually higher; a useful rule of thumb is to add 25%
to the above estimate if the illness is moderate and 50-100% if it is severe (9).
Patients given only i.v. dextrose solutions (5%) receive far fewer calories than
their estimated basal needs; an i.v. rate of 200 ml per hour provides less than
1000 kcal per day. Intravenous fluids are generally well tolerated for up to 72
hours, but after that patients who are unable to eat should receive enteral or
parenteral nutrition. Because all these methods entail relatively constant 24-hour
nutrient delivery, continuous insulin coverage is given using one of many proto
cols-i. v. infusion, 70/30 insulin every 8 hours, glargine at bedtime, Ultralente
insulin every 12 hours, or Regular insulin every 4-6 hours-to attain a glucose
level of 120-200 mgldl. Our experience favors the first two methods of insulin
coverage as providing the most stable around-the-clock glycemia, and in particu
lar have found "q 8 hour 70/30 insulin" easy and effective in patients receiving
i.v. glucose or continuous tube feeds who are otherwise medically stable.

Inpatients who are able to eat are ordered an ADA diet that usually provides
three meals composed of 55% carbohydrates, 20% protein, and less than 30%
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fat, along with a bedtime snack. Insulin coverage follows the outpatient method
of combining short-acting and long-acting insulins to provide the basal and meal
time needs of the patient. Guidelines for glycemia in the hospital are generally
looser (120-200 mg/dl) than for outpatients to avoid hypoglycemia. A particu
larly difficult situation is when a procedure or diagnostic test causes a meal to
be delayed or missed in insulin-treated patients. The patient's caregivers need to
be aware of the next day's schedule so that appropriate changes in insulin cover
age can be planned. Also, it is important to emphasize to the nursing staff that
the patient's mealtime insulin dosage should be based on the time of the meal
(30 minutes prior for Regular, and when beginning eating for lispro or aspart).
If there are unexpected changes in the time of eating, the staff should hold the
short-acting insulin until the appropriate time.

Inpatient Blood Glucose Monitoring

A routine part of outpatient diabetes care is self-monitoring of blood glucose to
allow insulin dosage adjustments based on periodic reviews of the fingers tick
data ("pattern analysis"). Inpatient units also collect bedside fingerstick data.
Unfortunately, rather than being used to more precisely define insulin coverage
for a patient, sliding-scale protocols generally entail one-time adjustments. It is
thus common to find inpatients with blood glucose patterns over many days that
show consistent periodic or persistently high blood glucose values who have had
no adjustment in insulin orders. Contributing to this, many hospitals record the
fingerstick data in a form that is hard to interpret, both in day-long sequence and
over many days. A useful principle is to keep at the bedside a chart that shows
at least a week of glucose values and insulin doses in an easy-to-interpret, time
based pattern.

Most of the currently available glucose meters report "whole blood" val
ues, which are 10-15% lower than laboratory determinations of plasma glucose.
This difference must be kept in mind when setting and monitoring glycemic
goals. Also, accuracy of the results requires that the operator use correct technique
and the meter be working properly. When bedside glucose readings are unexpect
edly high or low, particularly if the patient is asymptomatic, it is prudent to
confirm the finding with a laboratory measurement. Also, periodically testing the
proficiency of those who do bedside testing and daily checking of glucose meters
is mandatory.

For inpatients with known or recently identified diabetes, glucose monitor
ing should be performed at meals and bedtime. Also, it is useful to obtain a 2
3 A.M. value to monitor for nocturnal hypoglycerilla, particularly if the patient is
sedated or has a history of hypoglycemic unawareness. For patients who are not
eating, optimal tirillng of bedside glucose monitoring is less well defined, but
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frequent measurements are important, especially if changes in medical condition
are occurring that might affect glycemia.

Glycemic Goals

Many outpatient studies show the importance of near-normoglycemia to prevent
complications (refer to Chapter 1), but these studies are lacking for the inpatient
setting. Poorly controlled hyperglycemia in inpatients can lead to dehydration,
deterioration of mental status, electrolyte imbalances, delayed wound healing,
and impaired immunological responses. Glucose concentrations above 200 mg/dl
have been shown in numerous studies to decrease white-blood-cell chemotaxis,
phagocytosis, and bacterial killing, and it has been inferred that a patient's ability
to fight off and cure infection is similarly affected, although this has been harder
to prove. Golden et al. (4) did a chart review of 411 patients who underwent
coronary bypass (CABG) to evaluate the relationship of perioperative glucose
control to the subsequent risk of infectious complications. Patients were divided
into quartiles based on mean postoperative blood glucose values (insulin was
given as a sliding scale, and glucose measured four times a day from 7 A.M. to
9 P.M.), with quartiles 2-4 (207-352 mg/dl) compared with quartile I (121-206
mg/dl). Hyperglycemia was found to be an independent predictor for short-term
risk of infection independent of age, presence or absence of proteinuria, and
comorbidities.

Also of great interest is the highly publicized observation that intensive
insulin treatment following an acute myocardial infarction improves long-term
survival in diabetics. Best known is the Diabetes Mellitus Insulin Glucose Infu
sion in Acute Myocardial Infarction (DIGAMI) study, which looked at patients
with acute MI who had known diabetes or a blood glucose value on admission
of greater than 200 mg/dl (2,3). Patients were randomized (about 300 in each
group) to either a glucose-insulin infusion (see Appendix) for at least 24 hours
followed by an intensive subcutaneous insulin program (four injections per day)
for at least 3 months or standard practice. All patients received thrombolytic
therapy followed by beta-blockade and aspirin. Admission glucose values in both
groups averaged slightly more than 270 mg/dl. Glucose values in the control
group averaged 210 mg/dl the day after admission and 160 mg/dl at discharge
versus 173 mg/dl and 148 mg/dl, respectively, in the intensive-therapy group.
One-year monality was 30% lower in the intensive-therapy group. A recent meta
analysis supported an effect of hyperglycemia to increase in-hospital mortality
following acute myocardial infarction in persons with and without known diabe
tes (14).

What are appropriate goals for glycemia in the hospital? Hirsch et al. (6)
proposed pre-meal glucose values of 120-200 mg/dl to minimize the risk of
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hypoglycemia while preventing glucosuria and osmotic diuresis. These values
are reasonable in patients with changing medical, surgical, or nutrition conditions.
However, in stable patients, values within the upper half of this range can often
be avoided. Also, certain kinds of patients, such as those who are infected or
pregnant or have had a cardiovascular event or surgery, should receive intensive
diabetes management using i.v. insulin and 1- to 2-hourly bedside blood glucose
values to achieve as near-normal glycemia as is safely possible.

WHY NOT SLlDII\lG SCALES?

Hospitalized patients often have insulin orders written by "sliding scale." This
regimen is popular because of the many factors that make glycemia unpredictable
in inpatients, which make some practitioners uncomfortable about attempting to
foresee their patients' insulin needs. Using a scale that provides insulin in re
sponse to blood glucose value seems more sensible. Unfortunately, many aspects
of sliding-scale coverage cause it to work poorly in many patients: the same
dosing scale is often used for patients with very different weight, illnesses, and
nutrition and renal status; the dosing scale is rarely changed during the hospital
ization regardless of the blood glucose values; insulin administration may be
based on when the nurse measures a blood glucose value as opposed to when
the patient eats; and blood glucose measurements, and thus insulin coverage, may
be missed when the patient is off the floor getting a test or is otherwise not
available, which causes patients with type I diabetes to go without insulin cover
age for many hours, promoting hyperglycemia and catabolism. Another potential
problem is the insulin's "running out" if the scale is written not to cover normal
blood glucose values, causing glycemia to "see-saw." Thus, sliding scales often
promote problems with glycemic control in the hospital.

Historical Perspective on the Use of Sliding Scales

In 1970, MacMillan wrote a paper, "The Fallacy of Insulin Adjustment by Slid
ing Scale" (15), that criticized this method of insulin coverage because it ignored
the amount and effect of corresponding doses on previous days and did not con
sider the anticipated needs over the next 6-8-hour period when the insulin would
have its effects. His studies, conducted in children, were based on insulin cover
age for degree of glycosuria. He observed a frequent pattern of giving too much,
alternating with too little, insulin-excessive doses of insulin were given for 4+
glucosuria, and the next dose of insulin would be omitted because of aglycosuria.
This omission of insulin would' 'almost invariably" result in recurrence of strong
glucosuria, leading to "repetition of the cycle" (what many now call the "roller
coaster" or "see-saw" effect). In 1991, he again wrote that "the sliding scale
method of insulin adjustment is seldom effective in establishing diabetic control

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



Insulin Management of Diabetic Inpatients 159

because there is no anticipation of upcoming insulin needs and dosage changes
are after-the- fact reactions to existing blood sugar levels" (16). Further, he stated
that control is impossible to establish with this regimen since no insulin is ordered
if the patient is normoglycemic, which leads to marked hyperglycemia by the
next scheduled testing. Also, nocturnal hypoglycemia may occur because the dose
of insulin is determined by the level of hyperglycemia irrespective of whether it
is before a meal, at bedtime, or during the night.

MacMillan's comments were made before routine bedside blood glucose
testing, and it might be questioned whether today's therapy is more effective.
Hanish (17) described two protocols from her hospital for sliding-scale regimens
based on blood glucose testing. One gives 2 U of Regular insulin for a fingerstick
of 151-200 mg/dl and then increases 2 U for every additional 50 mg/dl, up to
450 mg/dl. The physician is called if the glucose is under 80 mg/dl or over 450
mg/dl. The second uses a starting dose of 4 U of Regular insulin but is otherwise
the same. This two-page report is surprisingly well known and quoted by house
officers. However, it shows that her hospital developed these scales "to decrease
the possibility of transcription errors and to save physicians', nurses', and phar
macists' time." Nowhere is there any comment about how successful they were
in controlling glycemia.

The effectiveness and safety of sliding scales were investigated by Queale
et al. in 171 diabetic patients consecutively admitted for diabetes-unrelated rea
sons to cardiology or general medicine services in a large city hospital (1). Hypo
glycemia was defined as ::;60 mg/dl, and hyperglycemia 2:300 mg/dl. Patients
were followed for at least 4 days, and had to have at least four bedside fingerstick
measurements daily. No uniform insulin scale was used in the study; coverage
could start at 150 mg/dl (in 35%) or 200 mg/dl (in 52%), and typically increased
2 U for every 50 mg/dl. Hypoglycemia occurred in 23% of the patients (3.41100
measurements) and hyperglycemia in 40% (9.81100 measurements). Most telling,
hyperglycemia was greatest (threefold increased risk) in the patients who received
sliding-scale coverage without concomitant intermediate-acting insulin. The au
thors concluded that a sliding-scale regimen when used alone increased the risk
of hyperglycemia, and when used in conjunction with a standing regimen pro
vided no benefit over the standing regimen alone.

To summarize, the major (and perhaps only) advantage of a sliding-scale
insulin regimen is that it is easy. More debatable are its effectiveness and safety.
Sliding scales make sense when used in conjunction with a standard insulin regi
men to compensate for inaccuracies in the basic insulin doses. Each day's supple
ment is used to adjust the next day's insulin dosage up or down if it is assumed
there is an ongoing need for the change. Thus, the basic insulin program is "fine
tuned" until glycemia is as stable and close to the target range as can be achieved
in the hospital. In contrast, sliding-scale therapy used on its own tends to oversim
plify inpatient insulin usage. The worst form is the one-size-fits-all scale widely

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



160 Nathan and Leah~

practiced by house officers, as it provides a false impression that the diabetesl
is being managed when, in reality, effectively no decisions about the diabetes
management are made. Often, even the patient's caregivers do not know the blood
glucose levels-the' 'don't ask, don't tell" approach to medical care.

INSULIN ALGORITHMS: THE PREFERRED METHOD

The preferred approach is to provide insulin coverage based on the nutritional
and medical characteristics of each patient. Algorithms are programs of insulin
administration that are based on the nutrition pattern of the patient, and incorpo
rate supplemental insulin dosing to attain a target range level of glycemia. Lilley
and Levine (7) stated in their review of inpatient therapy for type 2 diabetes that
"The algorithm takes into account the individual patient's insulin needs, caloric
load and physical activity level, as well as the timing of insulin administration
relative to caloric intake. Whereas the traditional sliding-scale insulin regimen
is directed at lowering existing excessive blood glucose levels, supplements are
given not only to correct hyperglycemia but also to control the anticipated effects
of caloric intake and other factors that playa role in glycemia."

The first comprehensive paper on insulin algorithms for inpatients was pub
lished by Hirsch et al. (6) with the comment that' 'many of our recommendations
are based on common sense or are extrapolations from other situations because
the data examining nonsurgical inpatient diabetes therapy are limited." Multiple
guidelines were suggested-for patients with type 1 or 2 diabetes, eating, or
NPO. An i.v. insulin infusion was recommended for all patients who were not
eating. Those eating standard meals were given twice-daily NPH and Regular
insulin (0.5-1.0 U/kg) in the usual pattern of two-thirds of the total dose before
breakfast as two-thirds NPH and one-third Regular, and the remainder before
supper as half NPH and half Regular. There was also an algorithm for supplemen
tal Regular insulin (0.075 U/kg for pre-meal glucose >200 mg/dl, 0.1 U/kg for
pre-meal glucose >300 mg/dl). Lilley and Levine followed the suggestions of
Hirsch, but recommended lispro over Regular insulin (7). These papers are mostly
discussions of the principles of what to do, as opposed to giving formulas for
inpatient insulin dosing that are proven to work. This is because correctly admin
istering subcutaneous insulin to a hospitalized diabetic patient requires daily ad
justing of the insulin program and dosing to get it right, as opposed to one-size
fits-all reconunendations that rarely work.

In contrast, many studies of algorithms for i.v. insulin infusions have shown
an ability to attain very good glycemic control. One example is by Watts et al.
in postoperative patients (18). Their insulin infusion began at 1.5 U per hour,
and was adjusted every 2 hours based on specific blood glucose cutoffs: <80
mg/dl, decrease by 0.5 U per hour and give 25 rnl 50% dextrose; 80-119 mg/
dl, decrease by 0.5 U per hour; 120-180 mg/dl, no change; 181-240 mg/dJ,
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increase by 0.5 U per hour; >240 mg/dl, increase by 0.5 U per hour and give
8 U i.v. Regular insulin. The patients given the insulin infusion reached the target
glycemia level within 8 hours, and 12-24 hours after surgery had a mean glucose
of 136 mg/dl (range 120-180), whereas those on subcutaneous insulin had a
mean of 208 mg/dl (range 30-306). Also striking was an absence of hypoglyce
mia in the i.v. insulin group.

In summary, successful inpatient diahetes management requires designing
an insulin program based on the special needs of that patient, followed by blood
glucose monitoring and daily adjustments of the insulin doses, all in an attempt
to attain glycemia that maximizes the well-being, nutritional status, and medical
outcome of the patient while minimizing his or her risk of hypoglycemia.

INPATIENT INSULIN PROGRAMS

Subcutaneous Insulin for the Patient Who Is Eating

The recommended approach in type 1 and insulin-requiring type 2 diabetes pa
tients who are eating is shown in Table 1. For those with type 2 diabetes who
were taking oral agents on admission, as a general principle it is safest to discon
tinue oral hypoglycemics and substitute insulin in patients undergoing surgery
or with major illness of any kind. The recommended program is 0.5 U/kg glargine

TABLE 1 Subcutaneous Insulin Program for Inpatients Who Are Eating

Calculate starting insulin doses.
Glargine 0.5 U/kg at bedtime (0.3 U/kg for conditions with concern over

risk of hypoglycemia; 0.7 U/kg for those with type 2 diabetes, obesity,
infections, or open wounds, or those receiving steroids or post-CABG).

Humalog 0.1 U/kg each meal (adjust downward or give after meal for in
consistent eating habits)

Bedside glucose measurements at mealtimes and bedtime-supplemental
lispro.

200-299 mg/dl-give extra 0.075 U/kg lispro
>300 mg dl-give extra 0.1 U/kg lispro

Adjust glargine doses to attain fasting blood glucose 120-200 mg/dl.
Once attained, adjust lispro to achieve pre-meal and bedtime blood
glucose 120-200 mg/dl.

The suggested starting doses are for an "average" patient, and variation is common
based on the unique medical circumstances of each patient.
Suggested starting program if NPH or Ultralente is used instead of glargine: 0.25 U/
kg NPH or Ultralente at breakfast and bedtime (0.15 U/kg twice daily for conditions
with concern about hypoglycemia, and 0.35 U/kg for conditions with increased basal
insulin needs) and 0.1 U/kg Humalog at meals.
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at bedtime for basal coverage and mealtime lispro (0.1 U/kg at each meal). How
ever, it must be emphasized that these are "average" starting doses. We fre
quently vary them because of many factors that affect the patient's insulin needs.
For example, inconsistent eating of the delivered food is a major issue, especially
in the elderly or persons who are slowly advancing their diet following abdominal
surgery or an illness such as pancreatitis. Using lispro as opposed to Regular
allows the nurse to give the insulin toward the end of the meal, after seeing how
much has been eaten; guidelines for meal dosing based on the amount of the
meal or carbohydrate consumed can be very helpful. Also, a variety of illnesses
cause concern for hypoglycemia from the injected insulin because of impaired
glucose production from the liver, defective nutrient influx through the bowel,
or slowed insulin metabolism. Examples are renal dysfunction, poor renal perfu
sion from cardiac failure or volume depletion, hepatic disease, malabsorption
from bowel or pancreatic disease, and hypothyroidism or adrenal insufficiency.
In those cases, we tend to lower the starting dosage of glargine to 0.3 U/kg.
Alternatively, basal insulin needs are higher than 0.5 U/kg in many patients, in
particular those with type 2 diabetes, obesity, infections, or open wounds, or
those post-CABO or receiving steroids. We prefer not to go much higher than
0.7 U/kg as a starting dose, but advance their doses quickly.

Along with these starting doses, lispro supplements are written using a scale
that starts at 200 mg/dl (Table 1) to compensate for substantial hyperglycemia if
the patient's insulin needs far exceed the calculated starting doses. It is important
to appreciate that the supplemental doses are there as a backup. The goal is to
fine-tune the standard program so that within a day or two target glycemia is
achieved without the need for supplements. This is accomplished by adjusting
the glargine to achieve a fasting glucose value of 120-200 mg/dl, and then the
lispro doses so that pre-meal and bedtime glucose values are in the same range
(2-hour post-meal values sometimes are needed to adjust the lispro). Then, each
day's insulin doses are adjusted as needed based on the prior day's glucose values,
insulin doses and supplements, as well as the next day's planned nutrition
schedule.

NPH or Ultralente has traditionally been used to provide basal coverage,
and recommended starting doses for NPH or Ultralente are listed in Table 1.
However, neither is an ideal "basal" insulin because of their slow "on-off"
effect, which causes peaks and valleys in insulin action that tend to bring about
swings in glycemia. This is worsened by the unforeseen changes in medical con
dition or meal schedule that frequently occur during a hospitalization. It is thus
common to underdose these insulins to avoid hypoglycemia. The "peakless"
nature of glargine's action has a significant advantage in this regard. Also advan
tageous are its more consistent day-to-day absorption compared with Ultralente
and NPH and the fact that it is given at bedtime, which avoids the problem with
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NPH or Ultralente of an occasional missed injection because the patient is away
from the floor for a test or procedure.

Intravenous Insulin Infusions

A continuous i.v. insulin infusion is very useful in acutely ill patients, in the
postoperative period, and in those with generalized edema or dermatological dis
ease. Also, patients who are not eating, or are getting around-the-clock nutrition
by TPN or tube feeds, do very well with an insulin infusion, although methods
that are less intensive in terms of nursing care are more often used. A protocol
recommended by Gebhart (9) (Table 2) is based on the study of Watts et al. (18)
but uses lowered glucose cutoff values that better match the whole blood method
of most bedside meters. We generally start with 1.5 U per hour, analogous to
Watts and colleagues' study (18). However, considerably more insulin is needed
in patients who are obese, infected, or on steroids. Insulin requirements are often
particularly high post-CABG in otherwise uncomplicated patients. Under these
circumstances, we start a higher infusion rate of 2-3 U per hour. Although glyce
mia is easily and safely controlled with this algorithm in most patients, it requires
that bedside glucose monitoring be performed frequently-every 1-2 hours after
starting the infusion until steady-state glycemia within the target range is
achieved, and thereafter no less then every 4 hours in stable patients and every
2 hours in less stable patients. This is because changes in a patient's medical

TABLE 2 Algorithm for Continuous Intravenous Insulin Infusion

Start continuous dextrose infusion (D5/W) at 100 ml per hour
Start Regular insulin 125 U in 250 ml 0.9% saline infused by syringe pump

(1 U = 2 mil
Glucose checks every 1-2 hours
Algorithm-begin at 1.5 U per hour (up to 3 U per hour in patients who

are obese, infected, on steroids, post-CABG):
<80 mg/dl-Decrease rate by 1 U per hour and give 25 ml 50% dextrose

I.v.
80-110 mg/dl-Decrease rate 1 U per hour
110-160 mg/dl-No change in rate
161-220 mg/dl-Increase rate 0.5 U per hour
>220 mg/dl-give 8 LI Regular insulin i.v. push and increase 0.5 U per

hour
Physician to be notified if <80 mg/dl or >220 mg/dl on two consecutive

checks

Source: Adapted from Ref. 9.
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condition will typically alter his or her insulin need/glycemia level on the infu
sion, so continued glucose monitoring is essential to ensure safety and effective
ness. In most institutions insulin infusions thus pose a difficult challenge outside
intensive care units.

One note of caution is that the algorithm is not to be used in markedly
hyperglycemic patients. An insulin infusion rate that is appropriately active as
evidenced by hourly lowering of glycemia by 50-100 mg/dl may take several
hours to bring the patient's glucose level to where upward adjustments in the
infusion rate are no longer mandated. The insulin infusion rate is now well in
excess of the patient's need for steady-state glycemia, and he or she goes on to
become seriously hypoglycemic. Instead, the hyperglycemia should be aggres
sively treated first (see Chapter 12), and then the algorithm employed to maintain
glycemia in the target range.

A common problem is how to switch a patient from an insulin infusion to
subcutaneous insulin. If the medical condition has not changed, the infusion rate
gives a good idea of the patient's basal insulin needs. The key principle when
switching to subcutaneous insulin is to make sure there is no interruption of
insulin delivery. The half-life of i.v. insulin is only a few minutes. In a patient
with type 1 diabetes, being withdrawn from insulin for a surprisingly short time
causes the diabetes to get out of control. This is seen in studies in which subcuta
neous insulin pumps are turned off to mimic what happens when outpatient insu
lin pump therapy is inadvertently interrupted; hyperglycemia and ketosis develop
within a few hours (19). When switching from i. v. to subcutaneous insulin, a plan
must be in place that links stopping of the i. v. infusion to starting the subcutane
ous insulin. We generally give the first dose of subcutaneous insulin 30-60 min
utes before stopping the infusion, usually with breakfast so that both short-acting
and long-acting insulins are given. This avoids what sometimes happens in the
hospital-the infusion is turned off and the nurse is called away elsewhere so
the subcutaneous insulin is not given for some time. Caution should be taken in
patients who have undergone a procedure such as abdominal surgery that may
prevent their tolerating normal meals. Also problematic are patients with known
gastroparesis, or those receiving narcotics that can disrupt bowel motility. In these
patients, it is preferable to continue the insulin infusion for a day or two after
the patient starts eating, with lispro for meal coverage, until it is confirmed the
meals are tolerated.

The Patient Who Is Receiving Enteral Nutrition

For patients receiving continuous tube feeds, an i.v. insulin infusion as described
above can be used, generally with great success. Its advantage is the ability to
stop the insulin should the tube feeds be acutely discontinued because the tube
has become dislodged or for another reason. Most tube feed preparations provide
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12-16 grams of carbohydrate per hour when given at a rate of 100 ml per hour,
which corresponds to about 1 carbohydrate exchange per hour, calling for I U
of insulin per hour (20). Thus, if an NPO patient had glycemic control on an
insulin infusion at 2 U per hour, adding tube feeds would cause the rate to be
increased to 3 U per hour.

However, because an i.v. insulin infusion places considerable demands on
floor nurses, a subcutaneous regimen is most often used. Using the formula in
Table 1, combining the mealtime and basal coverage-i.e., 0.8 U/kg can be given
over a 24-hour period. That estimate is adjusted as needed, as described previ
ously under "Subcutaneous Insulin for the Patient Who Is Eating." For instance,
it is lowered 0.2 U/kg for renal, cardiac, or hepatic dysfunction, in the elderly,
and when tube feeds are beginning and being advanced slowly. It is adjusted
upward to I U/kg in those who are obese or have open wounds or infections, or
are receiving steroids. Tube feeds are generally not recommended in patients with
gastroparesis, since jejunal feeding is usually more successful (10).

We have had great success with 70/30 insulin given every 8 hours (Table
3) in patients on continuous tube feeds. For instance, a 75-kg male with type I
diabetes moved out of the ICU post-pneumonia who is tolerating tube feeds
would be given 20 U 70/30 insulin every 8 hours (75 kg X 0.8 U/kg divided
by three doses of 70/30 insulin). Fingerstick glucose values are taken every 4
6 hours, and the 70/30 doses adjusted to attain glycemia of 120-200 mg/dl. We
also include in the order sheet instructions for close monitoring of glycemia and
starting of i.v. glucose if needed should the tube feeds be unexpectedly discon-

TABLE 3 70/30 Insulin Every 8 Hours for Continuous 24-Hour Nutrition

Calculate starting insulin doses
Total daily dosage 0.8 U/kg (0.6 U/kg for renal, cardiac, or hepatic dys

function, in the elderly, and when tube feeds are just beginning and
are being advanced slowly; 1 U/kg in obesity, or those with open
wounds or infections, or receiving steroids)

Divide by 3 to get 70/30 dose to be given every 8 hours
Bedside glucose measurements every 4-6 hours around the clock
Adjust 70/30 insulin doses to attain blood glucose 120-200 mg/dl
Continue blood glucose monitoring while the patient is receiving tube

feeds, and make daily adjustments in the 70/30 insulin doses as
needed

If the tube feeds are unexpectedly discontinued, glycemia is closely moni
tored (every 1-2 hours), and Lv. glucose started if needed (blood glu
cose <100 mg/dl)

Tube feeds are generally not recommended in patients with gastroparesis, because
jejunal feeding is usually more successful.
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tinued. It is likely that glargine would be equally effective, although the three
time-a-day dosing of the 70/30 insulin provides added flexibility to alter the insu
lin dose if the tube feed amount is lowered or stopped.

The Patient Who Is Receiving Parenteral Nutrition

The concept behind insulin coverage in TPN-receiving patients is similar to that
with tube feedings. However, the amount of insulin required is often greater
it may exceed 100 U per day. The carbohydrate content of TPN is higher than
for tube feeds, generally 25 grams per hour if infused at a rate of 100 ml per
hour. Also, giving the nutrients directly into the vascular system bypasses the
gut, which nonnally plays a crucial role in glucose homeostasis since food in the
gut releases hormones from the small bowel that are potent stimulants of insulin
secretion ("incretin hormones") (21). Thus, TPN in patients with type 2 diabetes
causes the loss of a key regulator for meal-related insulin secretion. Not surpris
ingly, patients who are not known to have diabetes sometimes develop hypergly
cemia when started on TPN (22).

The TPN bag provides a convenient mechanism for delivery of insulin,
lIsnally 1 LJ for every 10 grams of carbohydrates (10). Should the TPN be discon
tinued, the insulin also stops, which provides an important safety feature. After
the TPN has started, the insulin dosage in the bag is adjusted daily, based on
the bedside glucose values, to attain a target range of 120-200 mg/dI. Some
practitioners prefer to place only part (or none) of the insulin in the bag, and to
also provide small doses of subcutaneous insulin to provide a little more flexibil
ity for adjusting the insulin dosage. For instance, 5 U 70/30 insulin every 8 hours
or 5 U Regular every 6 hours is given and the insulin in the bag lowered propor
tionately. Caveat-in such cases, avoidance of hypoglycemia should the flow of
TPN be interrupted or halted must be considered.

The Patient Who Will Undergo Ambulatory Surgery or a
Procedure That Does Not Require General Anesthesia

It is common to be called by patients who are scheduled for an outpatient procedure
or test that requires them to be NPO after midnight. Their concern is about how to
manage their diabetes medications. This issue was discussed in a recent review of
perioperative management of diabetes (8). Table 4 shows a suggested protocol.

Oral diabetes medications are held the morning of the procedure, and gener
ally restarted once the patient is tolerating food after the procedure, although
with dye-based studies the patient must wait 48 hours to restart metformin. It is
safest to have a glucose-containing i.v. (D5/W) running during the procedure at
= 100 ml per hour. Blood glucose should be measured before and after the proce
dure, and supplements of Regular insulin (5-10 LJ) given for glucose values
above 120 mg/dl. This is done by the hospital or office nursing staff in the periop-
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TABLE 4 Diabetes Management for Outpatient Surgery or Procedure that
Requires NPO

Patients taking oral agents

Preprocedure: hold oral hypoglycemics morning of procedure
Blood glucose is measured prior to procedure-5 U Regular insulin> 120

mg/dl
D5/W at 100 ml per hour during procedure
Postprocedure

Measure blood glucose: >120 mg/dl, 5 U Regular; >200 mg/dl, 10 U
Regular

Eat breakfast to show tolerance of normal food intake
Restart orals at next scheduled dose (wait 48 hours to restart metformin

if dye-based study)
Four-times-per-day blood glucose measurements for next 2 days to en

sure that glycemia is controlled as usual

Patients taking insulin

Preprocedure: take half usual long-acting insulin and no short acting
insulin

Blood glucose is measured prior to procedure-> 120 mg/dl, 5 U Regular
insulin

D5/W at 100 ml per hour during procedure
Postprocedure

Measure blood glucose: >200 mg/dl, 5 U additional short-acting insulin
Take remainder of morning long-acting insulin, also usual short-acting in-

sulin if not nauseated or vomiting
Eat breakfast to show tolerance of normal food intake
Restart usual insulin schedule
Four-times-per-day blood glucose measurements for next 2 days to en

sure that glycemia is controlled as usual

erative period. If insulin is likely to be needed after the procedure, it is important
to teach the patient or a family member injection technique ahead of time, and
to ensure that they have Regular insulin as well as injection equipment at home.
Prefilled insulin pens are particularly convenient for this purpose.

For patients who take insulin, it is recommended that the procedure or test
be is scheduled for early morning. Generally, the usual dosage of long-acting
insulin is taken the night before, but it can be lowered 10-20% if food intake
at supper is less than normal or patient is using glargine. The morning of the
procedure, the patient takes half of his or her usual morning dose of long-acting
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insulin, but no short-acting insulin. A blood glucose value is measured prior to
the procedure, and a small dosage of Regular insulin (3-5 U) given if more than
120 mg/dl. A D5/W i.v. should be started and run at 100 ml per hour. Once the
procedure is finished, and if the patient is not experiencing nausea or vomiting,
he or she takes the remainder of his or her morning long-acting insulin and all
of the short-acting insulin, is fed, and goes back to his or her usual schedule.
Blood glucose should be measured frequently over the next day or two to make
sure that glycemia is controlled as usual. On the other hand, if the patient is
nauseated after the procedure, the remainder of the long-acting insulin is taken
but no short-acting insulin, and it is seen whether the patient tolerates eating
without vomiting. If not, Regular insulin is taken every 4-6 hours to keep glyce
mia below 200 mg/dl until eating habits return to nonnal.

The Patient Who Will Undergo Prolonged Surgery That
Requires General Anesthesia

Ideal management of the patient who will undergo major surgery is to use an
i.v. insulin infusion. In hospitalized patients, it is started the night before and
continued through the postsurgery period. For those admitted the day of surgery,
the infusion should be started at least 2-3 hours prior to the surgery to allow
titration of the infusion to the desired glucose goal. The patient should not be
given any subcutaneous insulin during this time because it would obscure the
effect of the infusion. Bedside glucose values are performed every hour during
the titration and through the surgery to make sure the patient is not hypoglycemic,
and to adjust the rate of the infusion to keep the blood glucose in the desired
range. The insulin infusion is continued postoperatively until the patient is eating,
and then he or she is converted to subcutaneous insulin.

The algorithm in Table 2 works well for this purpose, with some minor
variations. The suggested starting infusion rate in Table 2 (1.5 U per hour and
up) is for postsurgical or otherwise medically stressed patients. Preoperative
needs are generally less. Also, you may not have several hours to determine the
steady-state infusion rate. One shortcut is to use the patient's insulin doses from
home as a guide to his or her basal needs by taking one-half of the usual total
daily insulin dose divided by 24. This is when the HbA le of the patient is reason
ably good (arbitrarily, <8.5%). For example, a patient taking 5-8 units of lispro
at meals and 12 units of NPH at breakfast and 8 unjts of NPH at bedtime witll
HbA le of 7.5% would be started at 0.8 U per hour (half of the total dose of =40
units divided by 24). In patients with a higher HbA I" it is prudent to increase
25% for HbA Ie < 10%, and 50% for HbA Ie ~ 10%. In the patient described above
but with an HbA Ie of 10.2%, the starting infusion rate would be 1.2 U per hour.
Blood glucose values are measured hourly (including during the surgery), and
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the infusion adjusted up or down to keep glycemia at 120-200 mg/dl. If the
glucose value drops below 120 mg/dl, the infusion is stopped and the blood
glucose measured every 15 minutes until glycemia rises above 120 mg/dl, and
then the infusion is restarted at a lower infusion rate. If glycemia falls below 80
mg/dl,25 ml of 50% dextrose should also be given intravenously.

CONCLUSIONS

Optimal care of hospitalized individuals with diabetes cannot, and should not, ig
nore control of their glycemia. Hyperglycemia and insulin deficiency can slow the
patient's recovery through dehydration, electrolyte abnormalities, and inducing a
catabolic state. Also, mental status, wound healing, gastric emptying, and ability
to fight infection can all be impaired. Too often, individuals who as outpatients
strive to attain near-normal glycemia through intensive insulin regimens and opti
mal lifestyle practices are not consulted about their inpatient management. Their
blood glucose status may not even be discussed with them. Patients may not under
stand what is being done, leading to miscommunication with caregivers and a gen
eral feeling of mistrust. This can be avoided by discussing with patients ahead of
time what effects the surgery, medications, or other aspects of the hospitalization
will have on their blood glucose level. Also, reasonable glucose goals for the hospi
talization, and plans for diabetes management, should be outlined. Patients are
reassured if it is clear that glucose values will be carefully monitored and action
taken if the target range is not achieved within a reasonable time period.

Standardized algorithms for subcutaneous and intravenous insulin usage are
preferred over sliding-scale coverage, as they are based on titrating the bedside
glucose value to a target range believed to provide optimal glycemic control for
a successful outcome to the medical problem that caused that patient to be hospital
ized. It is time for institutions to move away from sliding scales; they don't work,
and too often cause patients to needlessly suffer hypoglycemia or hyperglycemia
that may negatively impact their recovery. Their use should be discouraged, and
their propagation among medical students and residents stopped.

With critically ill patients with multiple-organ dysfunction, it is understandable
that glycemic management may be forgotten. This can be avoided by setting blood
glucose goals at the start of the hospitalization that are known by all the patient's
caregivers-nurses, dieticians and physicians. Also needed is a system for recording
the bedside glucose data in a way that is visible and easy to interpret. Effective
communication between services and floors is essential. This is particularly true when
transferring patients with diabetes to another service or floor; a fail-safe mechanism
must be in place that prevents a prolonged omission of insulin because of failure
by the new caregivers to expeditiously implement the insulin program.

Most institutions have access to inpatient diabetes consultants. They should
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be consulted if the blood glucose target goals are not attained within 48 hours
of hospitalization, or if a patient experiences a severe hypoglycemic reaction or
hyperglycemic event.

APPENDIX: INSULIN INFUSION PROTOCOL FROM THE
DIGAMI STUDY*

1. 80 U Regular insulin in 500 ml D5/W (= 1 U per 6 ml). Start infusion
at 5 U (30 ml) per hour.

2. Check blood glucose after 1 hour. Adjust infusion rate according to
protocol:

270 mg/dl-give 8 units insulin as i.v. bolus and increase infusion
by 1 U (6 ml) per hour.
200-269 mg/dl-increase infusion by 0.5 U (3 ml) per hour.
126-199 mg/dl-leave infusion rate unchanged.
72-125 mg/dl-decrease infusion rate by 1 U (6 m!) per hour.
<72 mg/dl-stop infusion for 15 minutes. Test blood glucose and
continue testing every IS minutes until glucose >72 mg/dl. If
symptomatic from hypoglycemia, give 20 ml of 30% glucose i.v.
The infusion is restarted with a infusion rate decreased by 1 U (6
m!) per hour when glucose ?:.72 mg/dl.
If fall in blood glucose exceeds 30% but blood glucose is above
200 mg/dl, leave infusion unchanged; if blood glucose is 126-199
mg/dl, decrease infusion rate by 1 U (6 ml) per hour.

3. Check blood glucose after 1 hour if infusion is changed, otherwise
every 2 hours.

4. If blood glucose is stable at 199 mg/dl after 10 P.M., reduce infusion
rate by 50% during the night.
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Hyperglycenlic Emergencies
Diabetic Ketoacidosis and Nonketotic
Hyperosmolar Syndrome

Muriel H. I\lathan
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

Ketoacidosis and nonketotic hyperosmolar syndrome are the two most serious
hyperglycemic emergencies of diabetes mellitus. Insulin-deficient states most
typically lead to diabetic ketoacidosis in those with autoimmune diabetes (type
1) or pancreatic disease, while the hyperglycemic hyperosmolar nonketotic syn
drome occurs in the setting of relative, but not absolute, insulin deficiency (type
2 diabetes).

Diabetic ketoacidosis (DKA) is characterized by a high blood glucose level,
ketonemia and ketonuria, and metabolic acidosis. The hyperosmolar syndrome
entails hyperglycemia and profound dehydration without significant ketoacid
osis. The most common term in general use for this syndrome is nonketotic
hyperosmolar coma. However, since few patients actually present in coma
« 10%), most experts prefer to call this entity nonketotic hyperosmolar syn
drome (NKH).
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INCIDENCE AND MORTALITY

Diabetic Ketoacidosis (1-4)

Nathan

In 1987, hospital admissions in the United States with a primary diagnosis of
DKA were 12.5/1000 and mortality was 0.25/1000 (=2%) (5). In a European
study, 8.6% of 3250 patients with type 1 diabetes had been admitted to the hospi
tal for DKA one or more times in the previous year (6). In 1995, the incidence
of DKA in the United States was 4.6-8 episodes/lOOO diabetic patients (7). How
ever, surveys of hospital admissions probably underestimate the incidence of
DKA because most mild cases are treated in emergency rooms or ambulatory
care centers. Although most episodes of DKA occur in children or young adults
with type 1 diabetes, DKA is increasingly being found in children in nonwhite
populations with a high incidence of type 2 diabetes, as well as in adults with a
prior diagnosis of type 2 diabetes (8,9).

Deaths during episodes of DKA are rarely due to the hyperglycemia and
metabolic changes associated with poorly controlled diabetes per se, but rather
because of associated catastrophic illnesses such as sepsis or cardiovascular
events. Patients older than 65 have a much higher risk of death in DKA; their
mortality rate is 20% compared with less than 2% in younger individuals (0).
A rare but often fatal complication of DKA in children and young adults is cere
bral edema, which occurs in 0.7-1 % of DKA episodes (II). In summary, all
persons above 65 years of age or those younger than age 5 with DKA should
be considered high-risk patients. Furthennore, during treatment ofDKA, careful
bedside assessment at regular intervals is mandatory since deterioration in men
tal status is viewed as a medical emergency.

Nonketotic Hyperosmolar Syndrome (12)

In comparison with DKA, most surveys show fewer episodes of NKH although
it may be underreported because of difficulties in recognizing this syndrome. In
one survey of nearly 5000 adult urban blacks hospitalized for diabetes between
1993 and 1994, 156 patients met the criteria for moderate or severe DKA and
23 had NKH (8). Another urban center reported a frequency of 17.5/100,000
person-years for NKH while DKA was 14/100,000 person-years (3). Because
DKA and NKH represent a continuum of hyperglycemic decompensation, pa
tients can present with a mixture of the two; a review of admissions to a large
city hospital found pure NKH in 32% of patients with uncontrolled diabetes, and
mixed hyperosmolarity and ketoacidosis in another 18% (14).

The reported mean age of patients with NKH is 57-69 years. Newly diag
nosed diabetes is present in 33-60%. NKH can occur during hospitalization for
other illnesses, and in one study 18% of cases were transferred from skilled nurs
ing facilities (15). To increase recognition and reporting of this diabetic emer-
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gency, clinicians should think of it when evaluating any elderly patient with men
tal-status changes or obtundation.

The reported mortality rate in NKH varies from 10 to 60%; reviews done
in the past 15 years report a rate of 10-17% (16,17). Because the syndrome may
go unrecognized, mortality from NKH is likely underreported; instead, death may
be attributed to a complication of the syndrome such as thromboembolism or car
diovascular failure. The risk of death is higher with a serum osmolarity of greater
than 340 mOsm/kg. Death within the first 72 hours of treatment is mostly because
of progressive shock or cardiovascular failure; later mortality is usually due to
thromboembolic events. The risk of thromboembolism is increased in the presence
of dehydration, increased blood viscosity, and coagulation abnormalities.

PATHOGENESIS

Tissues in the body can be classified according to whether they take up glucose
through insulin-mediated (' 'insulin-sensitive") or insulin-independent (' 'insulin
insensitive") mechanisms. Figure I depicts the metabolism of glucose, amino
acids, and fatty acids in the major insulin-sensitive tissues (liver, muscle, and
fat) in the fed state, during fasting, and during DKA. Also shown is brain, which
is insulin-insensitive. Glucose is an essential fuel for the brain. Having a glucose
uptake system that is unregulated by insulin means constant fuel availability
whether in feast or famine, which is mandatory for survival. In contrast, states
offuel deprivation, such as prolonged fasting, require the other tissues' fuel needs
to be met from endogenous sources, e.g., the adipose tissue. This is accomplished
through hormonal shifts-a fall in the circulating insulin level and increases in
the counterregulatory hormones catecholamines, glucagon, and cortisol -that
promote lipolysis, and also alter intermediary metabolism in the insulin-sensitive
tissues to fat metabolism. Additional effects of the counterregulatory hormones
are to increase glycogenolysis and gluconeogenesis by the liver (increased glu
cose production), inhibit glucose uptake into muscle (decreased peripheral utiliza
tion), and cause the liver to metabolize the liberated fatty acids to ketones (be
come ketogenic). This array of effects is normally kept in perfect balance by
feedback loops in which ketones and hyperglycemia are potent stimuli for insulin
secretion. Consequently, during fasting exactly enough insulin is produced so
that glucose production is enhanced and glucose utilization is lowered to preserve
nonnoglycemia-i.e., not too little, causing hypoglycemia, or too much so tl1at
hyperglycemia occurs. Also, the production of ketones is controlled so that' 'star
vation ketonuria," not ketoacidosis, is observed.

In DKA, the profound insulin deficiency of type I diabetes allows the sys
tem to spiral out of control. Hyperglycemia occurs, causing an osmotic diuresis
and eventual dehydration, which further raises the levels of the catecholamine
hormones. The results are:
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FIGURE 1 Metabolism of glucose, amino acids, and fatty acids in the fed state,
during fasting, and during DKA. Insulin-insensitive tissue (brain) is compared
with insulin-sensitive tissues (liver, muscle, and fat). G = glucose; AA =
amino acids; TG = triglycerides. (Adapted from Cahill GF. Pathophysiology
of diabetes. In: Hamwi GJ, Danowski T5, eds. Diabetes Mellitus: Diagnosis
and Treatment. New York: American Diabetes Association, pp 1-6, 1967.)

• Hyperglycemia-primarily from enhanced gluconeogenesis, but also in
creased glycogen breakdown in the liver and lack of glucose uptake/metab
olism by muscle and fat

• Dehydration-from the osmotic diuresis, which leads to progressive loss
of fluid and electrolytes

• Ketoacidosis/ketonuria-the increased lipolysis results in increased libera
tion of free fatty acids, which are converted by the liver to ketones because
of the raised counterregulatory hormones and lowered insulin that make
the liver ketogenic

In NKH, insulin is deficient but less so than in DKA (relative insulin defi
ciency). Also, the counterregulatory hormones are increased, but not as much as
in DKA (12). Normally the circulating levels of insulin required to control glu-
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cose production and utilization are much higher than those needed to inhibit lipol
ysis. Thus, the net result of this hormonal milieu is hyperglycemia without fatty
acid conversion to ketones. Because it is ketoacidosis-related symptoms in OKA
(abdominal pain, vomiting, perceived shortness of breath, large ketones on their
home urinary measurements) that often cause patients to seek medical help, the
lack of significant ketonemia in NKH means the typical presentation is:

• Severe dehydration-because of the absence of ketonemia symptoms, the
clinical picture is more subtle than that of OKA so the prodromal period
is typically longer than in OKA. The lengthy duration of the osmotic diure
sis results in severe dehydration. Further, lack of access to water, such as
by bed bound nursing home patients, often exacerbates this problem.

• Profound hyperglycemia-the mechanisms for hyperglycemia are the same
as in OKA: the relative insulin deficiency and excess counterregulatory
hormones. However, the glycemia levels in NKH are typically higher than
in DKA because of the profound dehydration, which diminishes or elimi
nates glycosuria, after which glycemia rises rapidly.

• Hyperosmolarity-a consequence of the profound dehydration and greater
hyperglycemia is a markedly raised serum osmolarity, which may cause
mental-status changes or coma.

CLINICAL FEATURES

Dehydration and Electrolyte Losses

The cause of dehydration in both DKA and NKH is the osmotic diuresis that is
brought about by the excess serum glucose being excreted in the urine. Excess
sodium, chloride, and potassium are lost from the polyuria. Fluid and electrolyte
deficits per kilogram of body weight in OKA are typically 100 ml water, 7-10
mEq Na+, 3-5 mEq K+, and 5-7 mEq CI- (see Table 1); this is equivalent to a
10% loss of body weight. In the later stages, if volume depletion is sufficient to
lower the glomerular filtration rate, and consequently glycosuria, the blood glu
cose level rises precipitously-this effect is especially pronounced in NKH.

Fluid and Electrolyte Deficits

DKA NKH

TABLE 1

Water (ml/kg)
Sodium (mEq/kg)
Potassium (mEq/kg)
Chloride (mEq/kg)
Phosphorus (mM/kg)

100
7-10
3-5
3-5
1-1.5

100-200
5-13
5-15
3-7
1-2
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Relatively Preserved Intravascular Volume

The average fluid deficit in DKA of 100 ml/kg exceeds the normal intravascular
volume. The loss may be even greater in NKH. However, patients rarely present
in cardiovascular collapse. This is because the intravascular glucose osmotically
pulls water from the intracellular compartment, thereby preserving intravascular
volume. Thus, the clinical volume status of the patient underrepresents his or her
true level of hydration. A key point in the management of DKA and NKH is that
vascular collapse can occur if therapy is given to correct the hyperglycemia
(insulin) without aggressive expansion of the intravascular space with fluid.

Hyponatremia

The osmotic activity of the intravascular glucose in DKA and NKH expands the
intravascular compartment with intracellular fluid that is rich in K+ and low in
Na+ so the plasma sodium is diluted. The following fonnula is used to correct
for this dilution: for every 1OO-mg/dl rise in plasma glucose above the normal 100
mg/dl, serum sodium decreases by 1.6 mEq/L. For example, a plasma glucose of
700 mg/dl with a serum sodium of 128 mEq/L implies a "true" sodium of 138
mEq/L.

Potassium Depletion

In DKA and NKH, potassium loss is usually 5 mEq/kg body weight and can
be as high as 10 mEq/kg. One cause is the osmotic drag of the potassium-rich
intracellular fluid into the vascular space, coupled with the relative or abSOlut~e

lack of insulin to shift potassium back intracellularly. An additional effect i
DKA is the acidosis-mediated exchange of intravascular hydrogen ions with in
tracellular potassium, which further increases the flux of potassium out of cells
into the vascular space. Urinary excretion of the potassium leads to whole-body
potassium depletion. Thus, in DKA, the serum potassium level is not an accurate,
indicator of body potassium stores. A useful formula to correct for the pH-related
exchange of vascular H+ and cellular K+ is: for every 0.1 change in pH from 7.4,
serum potassium changes in the opposite direction by 0.8 mEq/L. For example, a
blood sample with a pH of 7.1 and a serum potassium of 5.0 mEq/L implies a
"true" potassium of 2.6 mEq/L.

Metabolic Acidosis: Increased Anion Gap

In DKA, acidosis evolves when there is inadequate buffering of the ketoacids.
The H+ ions are first buffered by intravacular (mostly bicarbonate) and intracellu
lar anions. Ketones are also eliminated in the urine, although this diminishes as
dehydration causes the glomerular filtration to fall. When the buffering capacity
is outpaced by the ketogenesis, metabolic acidosis occurs. The excess ketoacids
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(~-hydroxybutyrate and acetoacetate) in the serum cause the anion gap to in
crease, which is calculated by subtracting the sum of the serum chloride (Cn
and bicarbonate (HC03-) from the sodium (Na+) concentration. The normal anion
gap is 12 :::'::: 2 mEq/L, which represents the normal quantity of unmeasured
anions.

Hypertonicity

Effective osmolarity (effective Osm = 2 (Na + K) + glucose/18) rather than
total osmolarity (total Osm = 2 (Na + K) + glucose/18 + BUN/2.8) is most
important in regulating cell volume, and consequently the brain-cell shrinkage
that underlies the confusion and obtundation in NKH. The osmotically active
substances in the body include those that freely pass through cell membranes
such as urea and alcohols, and those that are impermeable and require transport
mechanisms such as Na+, K+, glucose, and mannitol. Excess osmotic substances
that are freely permeable-e.g., urea-do not cause shifts of intracellular volume
out of brain cells because of the lack of an osmotic gradient across the cell mem
brane. Hence, renal failure elevates serum osmolarity without changing the men
tal state of the patient. In contrast, rises in semm tonicity (also called' 'effective
osmolarity") from increased levels of impermeable substances such as Na+, K+,
and glucose shift intracellular volume out of brain cells, and in extreme form
cause confusion, obtundation, or coma.

It is important to understand that, while uncontrolled diabetes causes hyper
tonicity, very large elevations in glucose are needed to cause the degree of hyper
tonicity required for clinically evident alterations in brain function (340 mOsm/
L). This is because the osmotic contribution of glucose is only 5.5 mOsm/L for
every 100-mg/dl elevation in glucose. In comparison, sodium adds 2 mOsm/L
for every l-mEq/L increase. Thus, blood glucose levels of more than 1000 mgt
dl are typically required for the hyperosmolar syndrome. Also, in many patients,
dehydration is a major contributory factor through relative or absolute increases
in the serum sodium.

DIAGI\lOSIS AND INITIAL EVALUATION

Diabetic Ketoacidosis

Precipitants of DKA include new onset of disease, pneumonia or urinary-tract
or other infections, omission of insulin in patients with poor access to medical
care or supplies, or those lacking in diabetes education about "sick-day rules,"
and occasionally psychological factors such as fear of weight gain or hypoglyce
mia (18). Presenting features of DKA (Table 2) are polyuria, polydipsia, nausea
and vomiting, hyperventilation, and abdominal pain. Despite the common usage
some years ago of the term diabetic coma for DKA, profound mental-status
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TABLE 2 Signs and Symptoms of DKA

Polyuria, polydipsia, and polyphagia
Weight loss
Abdominal pain, nausea, and vomiting
Drowsiness or profound lethargy; coma is rare
Rapid, deep respirations (Kussmaul)
Fruity breath, poor skin turgor, dry mucous

membranes
Tachycardia and hypotension
Blood glucose is usually 400-500 mg/dl

Nathan

changes are unusual. The ketonemia is likely responsible for the abdominal pain
and nausea, but hypokalemia can also worsen gastroparesis and cause an ileus.
Clinical findings include dehydration and orthostatic or overt hypotension, Kuss
maul respiration (deep, sighing hyperventilation), tachycardia, warm skin, and
occasionally confusion or coma. Hyperventilation, which is more obvious when
the pH is less than 7.2, is a respiratory compensation for the metabolic acidosis.
There may be symptoms and signs of sepsis and shock.

The definitive diagnosis of DKA consists of: I) hyperglycemia (>250 mg/
dl), 2) low serum bicarbonate «15 mEq/L), and 3) low pH «7.3) with 4) ke
tonemia (positive minimally at 1: 2 dilution). Urinary ketones are more variable,
as discussed below. Virtually all patients have an increased anion gap. Many
patients will have a high white-blood-cell count, usually with a left shift, but
typically less than 25,000/mm 3 unless there is a coexistent bacterial infection.
The presence of pneumonia may be difficult to confirm until the patient is better
hydrated. Also, serum amylase is often transiently elevated, and serum BUN and
creatinine are usually raised because of the dehydration.

Initial evaluation consists of blood chemistries, glucose by fingerstick,
blood and urine ketones by nitroprusside reaction, complete blood cell counts
with differential, arterial blood gases, and urinalysis. Patients with DKA often
have low serum sodium (osmotic-induced dilution) and normal to high potassium
(H+-K+ exchange) levels. It is important to note that the diagnosis of DKA is
not dependent on finding a serum glucose of 400 mg/dl or higher, a common
misconception of many clinicians. Glycemia levels are often lower in pregnant
women or in those who have been unable to eat, have been vomiting, or took
insulin in the prodromal phase. A careful physical examination is performed,
looking for evidence of infection. This is followed by infusion of a liter of 0.9%
NaCI while the bacterial cultures, when appropriate, and EKG are obtained to
evaluate possible precipitating factors. Transferring the patient before stabiliza
tion for noninvasive or invasive procedures should be avoided if possible. Treat-
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TABLE 3 Treatment Stages of DKA and NKH

181

Volu me restoration (hou rs 0-12)
Improve circulating volume and tissue perfusion
Correct electrolyte abnormalities, particularly potassium
Lower blood glucose by promoting glucosuria and by giving insulin

Treatment of underlying cause (hours 12-48)
Restoration of tonicity to normal
Correction of acid-base imbalance
Avoid hypoglycemia by supplying glucose when blood sugar is around

250 mg/dl
Excretion and metabolism of excessive ketoacids with replacement of wa

ter and electrolytes
Start subcutaneous insulin regimen, meeting the basal and meal require

ments
Avoid hypoglycemia and recurrence of hyperglycemia or ketoacidosis
Emphasize outpatient "sick-day rules" to avoid hyperglycemic emergen

cies

ment goals for DKA are to: 1) improve circulatory volume and tissue perfusion,
2) correct electrolyte abnormalities, 3) decrease serum glucose, and 4) excrete
or metabolize the excess serum ketoacids (see Table 3).

Measurement of Urinary Ketones

The ketone bodies acetoacetate, acetone, and ~-hydroxybutyrate are formed dur
ing periods of insulin deficiency by hepatic fatty-acid oxidation. Bedside mea
surements of urinary or blood ketones are usually done by the nitroprusside
method, which detects acetoacetate and acetone, but not ~-hydroxybutyrate.The
ratio of ~-hydroxybutyrateto acetoacetate is elevated by coexisting lactic acido
sis-possible causes are sepsis, tissue necrosis, or other catastrophic causes for
the DKA, but mostly the dehydration of DKA alone is causative-which makes
the urinary ketone measurement by test strip underrepresent the degree of ketosis,
i.e., 1+ or 2+ positive when profound ketoacidosis is present. A few drops of
hydrogen peroxide can be added to the urine to convert "unmeasurable" ~-hy

droxybutyrate to the measurable acetoacetate. This concept also underlies the
common clinical confusion of an apparent worsening of a patient's ketosis based
on urinary ketone measurements when by all other clinical parameters the patient
is improving. This is most frequently seen after starting aggressive volume reple
tion. The explanation is reversal of the dehydration-induced lactic acidosis which
converts ~-hydroxybutyrate to acetoacetate, causing a seemingly "paradoxical"
increase in the measured ketones by the nitroprusside reaction. Thus, venous pH,
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serum glucose, and bicarbonate levels are evaluated during therapy. Ketones are
measured initially to confirm the diagnosis of DKA, and at the end of therapy
to confirm that the patient is relatively free of ketonuria and ready to be put back
on subcutaneous insulin.

Nonketotic Hyperosmolar Syndrome

In contrast to the onset of DKA, NKH is often insidious and typically entails
several days of polyuria, deteriorating glycemic control, and eventual lethargy.
Common precipitants are infection, myocardial infarction or stroke, medications
(e.g., diuretics, beta-blockers, phenytoin, or glucocorticoids), initiation of hyper
alimentation, and alcohol or cocaine abuse (4,12).

Signs of NKH are those of profound dehydration. Patients have dry mucous
membranes, absent sweating, and poor skin turgor, as well as postural or overt
hypotension. Cardiac and respiratory examinations are typically normal in the
absence of pneumonia. Tachypnea, hypotension or fever may indicate a gram
negative infection. The gastroparesis that is often present is due to the hypertonic
state; thus, nausea and vomiting may not necessarily mean that an underlying
gastrointestinal illness precipitated the event.

Neurological symptoms are common and can consist of focal findings that
mimic a cerebrovascular accident to frank coma. The cause of coma is not known,
but it is postulated that dehydration, loss of brain-cell volume, changes in neuro
transmitter levels, and microvascular ischemia are all operative (12). Lethargy
and confusion are more common than frank coma, which usually does not occur
unless the plasma osmolarity is 340 mOsm/L or greater. Most patients with coma
have a relative or absolute increase in serum sodium along with their hyperglyce
mia, causing the increased osmolarity. If focal or diffuse mental-status changes
persist after hydration, CNS lesions or infection should be suspected. Seizures
occur in 25% of patients and can be focal. NKH-related seizures may be resistant
to anticonvulsant therapy. Phenytoin should be used with caution as it may exac
erbate hyperglycemia by inhibiting insulin release. Cerebral edema is rare and
is almost always due to rapid overcorrection of blood glucose or large amounts
of insulin being given with large amounts of hypotonic fluids.

NKH is characterized by extreme fluid and electrolyte depletion with total
body water losses of 22-25% (i.e., considerably in excess of those in DKA). The
more profound water loss in NKH is due to a longer prodromal period and limited
access to water for many of the patients. Osmotic diuresis leads to hypotonic
fluid loss, with electrolyte losses equivalent to roughly one-half of the water loss.
Remember to correct the serum Na+ for the osmotic effect of the hyperglycemia
(1.6-mEq/L change for each lOO-mg/dl increase in glucose). Thus, a patient with
severe hyperglycemia from NKH with a normal or elevated serum sodium at
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diagnosis has had massive water loss. Also, K+ loss may be exacerbated by di
uretic use. A mild metabolic acidosis may be present (pH >7.3), owing to the
accumulation of lactate from hypoperfusion or uremic acids from dehydration
which initially can be confused for DKA (lack of ketones in the blood and urine
helps to differentiate these). A mixed ketoacidosis and NKH (pH <7.3, strongly
positive serum acetone, and effective osmolarity >320 mOsm/L) may occur in
as many as 33% of patients with uncontrolled diabetes.

Other serum markers may be abnormal during NKH, including liver trans
aminases, LDH, and CPK-MM; these changes are transient and due to dehydra
tion. Hypercholesterolemia and hypertriglyceridemia are usually present. There
may be mild elevations of the albumin, amylase, bilirubin, calcium, total protein,
SGOT, SGPT, and BUN. Leukocytosis with elevated granulocytes is common,
and may not imply infection but rather is a response to stress and dehydration,
with white-blood-cell counts usually 12,000-15,000. Hemoglobin and hematocrit
are also elevated because of dehydration.

Differential Diagnosis

It is usually not difficult to differentiate among the different causes of diabetic
coma. Whereas acidosis causes a negative inotropic effect and peripheral vasodi
latation such that patients in DKA often have warm skin, those in NKH have
normal skin temperature, higher blood glucose levels, and more profound dehy
dration, with no or trace ketones in the blood. Alternatively, hypoglycemic coma
can be distinguished by the lower blood glucose (usually Jess than 50 mg/dl) and
the presence of cold and clammy extremities. If there is any doubt as to the cause
of coma, 20 ml of 50% glucose can be given intravenously. Other causes of
acidosis with an increased anion gap include lactic acidosis, uremia, and ingestion
of salicylates or methanol. However, these are generally easily differentiated from
DKA by the serum glycemia and serum/urine ketones being minimally elevated,
if at all.

TREATMENT (1-4,12,18)

Hydration

DKA

• 1 liter of 0.9% saline in the first hour. Continue this rate for an additional
hour if hypotension is not corrected or urine flow is less than 50-100 ml/
hr.

• Subsequent fluid therapy is 0.45% NaCI at 250-500 ml/hr, adjusting the
rate for renal losses, plasma sodium, and clinical response.
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NKH

Nathan

• 1 liter of 0.9% saline per hour until blood pressure, pulse, and urine output
improve.

• Subsequent fluid therapy is 0.45% NaCI at 250-500 ml/hr, adjusting the
rate for renal losses, plasma sodium, and clinical response. Replace one
half of the free water deficit in the first 12 hours and the remainder over
the next 24 hours.

• Central vein pressure measurement, cardiovascular monitoring, and/or dial
ysis as clinically indicated.

Numerous studies have demonstrated the safety and efficacy of giving hy
dration therapy in the treatment of DKA and NKH before initiation of insulin
therapy. This chapter has also emphasized the importance of early rehydration
to avoid vascular collapse when the excess blood glucose is excreted or moves
intracellularly. Fluids are administered to restore normal circulatory volume and
consequently tissue perfusion, reverse lactic acidosis, augment urinary glucose
excretion, and decrease concentrations of the counterregulatory hormones. In
deed, much of the lowering of blood glucose that occurs during the first few
hours of therapy is from urinary glucose excretion, not cellular uptake.

Initial fluid therapy should be isotonic saline because this fluid more rapidly
corrects plasma volume than hypotonic fluid does. For most patients with DKA,
10% dehydration is common, and 1 liter of 0.9% saline is given in the first hour.
This rate is continued for an additional hour if hypotension is not corrected or
urine flow is less than 50-100 mllhr. If the patient is in shock, colloids can also
be used, as these are retained in the intravascular space. Dehydration is judged
by the physical examination (postural blood-pressure changes, tachycardia, poor
skin turgor, lack of sweating, dry mucous membranes), con'ected sodium concen
tration, and the calculated effective plasma osmolarity. Corrected sodium concen
trations of greater than 140 mEq/L or calculated osmolalities of greater than 340
mOsm/kg are associated with the largest fluid deficits.

In NKH, 0.9% saline is also used at 1 liter per hour until blood pressure,
pulse, and urine output improve. Patients with coexisting cardiac or renal disease
or those requiring large fluid volumes may need central vein pressure measure
ments to avoid under- or overhydration.

After hypotension has been corrected by the use of isotonic saline and vital
signs are stable, subsequent fluid therapy is given as hypotonic saline (0.45%
NaCl) at 250-500 ml/hr, adjusting the rate for renal losses, plasma sodium, and
clinical response. Remember that the osmotic diuresis will continue until the
hyperglycemia is reversed. This combined with the substantial initial fluid deficit
means that large amounts of fluid are typically given for many hours.

The greatest danger to the patient with NKH is hypovolemia causing pro
gressive shock or thromboembolism. Volume restoration is essential. Initial fluid
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replacement is 1-2 liters in the first 2 hours of treatment, then 7-9 liters over
the next 2-3 days since the fluid deficit is usually 20-25% of body stores. Iso
tonic fluid replacement is generally recommended because rapid correction of
hypematremia can lead to diffuse myelinolysis and death. Once the effective
arterial blood volume has been restored, as reflected by reversal of orthostasis
and good urine output, the intravenous fluid is changed to 0.45% saline; one
half of the free water deficit is replaced in the first 12 hours and the remainder
over the next 24 hours. Colloids are not recommended as they can contribute to
elevated plasma viscosity. Many of these patients have a prior history of renal
insufficiency, and there is always concern that anuria or oliguria during the ag
gressive fluid resuscitation will cause congestive heart failure or adult respiratory
distress syndrome. In most cases, cardiovascular monitoring and dialysis may be
necessary. On the other hand, a prior history of coronary or renal disease does
not obviate the need for substantial fluid replacement in most patients.

Insulin

OKA and NKH

• 10-20 units Regular insulin i.v. push
• Continuous intravenous infusion 0.1 U/kglhr Regular insulin, which in

adults is 6-10 U/hr. If no improvement in anion gap, pH, and hyperglyce
mia is noted within 2 hours, the hourly insulin dosage is doubled each hour
until clinical effect is seen.

• If necessary, can substitute S.q. injections 0.3-0.4 U/kg of Regular or lispro
insulin, followed by 5-10 units each hour.

While fluids restore organ perfusion, reverse dehydration, and allow a fall
in blood glucose by promoting urinary excretion, insulin is required to correct
the metabolic derangement of DKA and reverse the acidosis and ketone produc
tion. For moderate to severe DKA (bicarbonate less than 10), Regular insulin is
given intravenously as a continuous infusion of 0.1 U/kg/hr; 6-10 U/hr is gener
ally given. If the anion gap and venous pH have not improved within 2 hours,
the dose is doubled every hour until clinical improvement occurs. It is often
suggested that a minimum hourly decrement in the blood glucose level of 60
90 mg/dl is the parameter to follow in order to show adequate response to therapy.
However, it must be remembered that fluid therapy alone can cause a rapid de
cline in glycemia, so seeing an improvement in the anion gap and pH are more
important clinical indicators of successful therapy. In situations in which intrave
nous insulin cannot be given, s.q. injections of 0.3-0.4 U/kg of Regular or lispro
insulin can be given, followed by 5-10 units each hour (19). Experts differ on
whether to use a loading dose before starting continuous i.v. insulin infusion.
Our practice is to give 10-20 units Regular insulin i.v. push, which allows up
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to an hour before starting the continuous infusion for transfer to the ward, diag
nostic tests, etc.

These recommended dosages of = 10 U/hr have been referred to as low
dose therapy, as opposed to the 50-100 U/1-2 hours (high-dose therapy) that
were routinely given until the mid-1980s. In comparative studies, low-dose insu
lin therapy led to less hypokalemia and hypoglycemia (20,21), and is standard
practice today.

There is more confusion among practitioners over insulin therapy for NKH.
Many believe the absence of ketosis indicates that less insulin is needed to reverse
the hyperglycemia, and that the standard doses of insulin used in DKA are danger
ous in NKH. In reality, large insulin doses are generally needed because most
of the patients have type 2 diabetes (and have pre-existing insulin resistance),
and the common precipitating factors of infection, myocardial infection, and sep
sis require large insulin doses. Most experts recommend the same insulin doses
for DKA and NKH.

Potassium

OKA

• If serum K+ is less than 3.5 mEq/L and pH is less than 7.3 initiaJly, place
20-40 rnEq KCl in the first liter i.v. fluids to be administered with cardiac
monitoring. Otherwise begin intravenous KCl in second i.v. bag.

• Start oral potassium repletion as soon as the patient is tolerating oral fluids.
Diuretic users and alcohol abusers may also need magnesium replacement.

• Check serum potassium every 1-2 hours, and add 20-40 rnEq KCl to each
liter of i.v. fluids if it is less than 5.5 rnEq/L and the patient is urinating.

NKH

• Start oral potassium repletion as soon as the patient is tolerating oral fluids.
Diuretic users and alcohol abusers may also need magnesium replacement.

• Check serum potassium every 1-2 hours, and add 20-40 mEq KCl to each
liter of i.v. fluids if it is less than 5.5 rnEq/L and the patient is urinating.

After starting hydration and insulin treatment in DKA, there is a rapid de
cline in potassium-particularly in the first 3 hours-which can be life-threaten
ing if not aggressively managed. Most of the decline is due to tl1e increase in
pH that reverses the exchange of serum H+ for intracellular K+, and the beginning
of insulin-mediated re-entry of potassium with glucose into the intracellular com
partment. Nonetheless, potassium is typically not added to the first liter of 0.9%
saline that is given within the first hour unless the patient is hypokalemic, because
most patients are normokalemic or even hyperkalemic secondary to the acidosis.
Replacing potassium when the fluid is being rapidly administered may danger-
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ously increase serum potassium and precipitate cardiac arrhythmias. With subse
quent fluid therapy, serum potassium is checked every 1-2 hours, and if it is less
than 5.5 mEq/L and the patient is urinating, 20-40 mEq K+ given as KCl is
added to each liter. Occasionally potassium phosphate is used in one of the i.v.
bags, as discussed below. The goal is to maintain the K+ between 4.0 and 5.0
mEq/L.

Patients who present in DKA with low or normal K+ levels in the face of
acidosis have the greatest total body potassium deficit and should be viewed as
being at high risk. Insulin therapy without aggressive potassium replacement can
lead to profound hypokalemia as the acidosis reverses, which can induce life
threatening arrhythmias, respiratory muscle weakness, and cardiovascular col
lapse. These patients should receive potassium in the first liter of fluid, with
the rate of intravenous administration never to exceed 40 mEg/hr, and cardiac
monitoring. Patients who are not nauseated and are able to drink fluids can receive
potassium supplements orally.

Total body potassium losses in NKH are also large. However, the absence
of acidosis means that acute falls in serum potassium during the first few hours
of therapy are less likely than in DKA. Also, the possibility of concomitant renal
or cardiovascular disease in these patients requires a more conservative approach
to potassium repletion, relying heavily on oral replacement as well as intravenous
replacement.

Bicarbonate

DKA

• If serum pH is less than 6.9, give 2 ampoules bicarbonate (88 mEq).
• If serum pH is 6.9-7.0, give 1 ampoule bicarbonate (44 mEq).
• Otherwise, bicarbonate is not recommended.

Bicarbonate is generally not recommended for DKA unless there is life
threatening acidosis. Retrospective and prospective studies have shown no benefit
in clinical outcomes such as time to correction of hyperglycemia, morbidity, or
mortality with bicarbonate therapy (22-24). Instead, the use of alkali may be
counterproductive because it can acutely cause hypokalemia as well as paradoxi
cal central nervous system acidosis.

Most authors suggest using bicarbonate in the treatment of DKA if the pH
is under 7.0. For pH 6.9-7.0, 44 mEq of sodium bicarbonate is recommended;
when the pH is less than 6.9, 88 mEg sodium bicarbonate is used. These amounts
are intended not to fully correct the acidosis but to stabilize the patient from
immediate life-threatening effects of the acidosis until the fluid and insulin ther
apy can be started. Indeed, during therapy the metabolism of ketones regenerates
bicarbonate. Previous usage of exogenous bicarbonate can result in an overcor-
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rected pH and alkalosis once the ketoacidosis has been fully corrected, which
underlies the caution to use it only if needed, and in small amounts. It is also
recommended that 15 mEq KCl be given with each ampoule (44 mEq) of bicar
bonate to avoid hypokalemia.

Phosphorus

OKA

• With severe hypophosphatemia « 1.0 mg/dl), replace one-third of potas
sium deficit as potassium phosphate.

• Otherwise, use is optional. Many experts recommend 30 mmol of potas
sium phosphate (44 mEq K+) instead of KCI in one of the i.v. bags for
adults.

• Not indicated without severe hypophosphatemia.

Phosphate is an intracellular ion that shifts to the extracellular compartment dur
ing DKA, so serum levels initially are usually normal or increased. Phosphate,
like glucose and potassium, re-enters the intracellular compartment during insulin
therapy, resulting in a rather dramatic fall 6-12 hours after beginning therapy.
Arguments have been made for the replacement of phosphorus during DKA based
on the known effects of severe hypophosphatemia: respiratory depression, skele
tal muscle weakness, hemolytic anemia, and cardiac dysfunction. A further con
cern is depletion of 2,3-diphosphoglycerate (2,3-DPG) altering the O2 dissocia
tion curve such that tissue oxygen delivery is impaired. Counterarguments are
that the loss of phosphorus during DKA represents only a small portion of the
body stores, plus case reports, mostly in small children with DKA, that show a
risk of hypocalcemia, tetany, and soft-tissue calcification with phosphate replace
ment (25). Furthermore, clinical studies have generally shown no clinical benefit
of phosphorus replacement in DKA (26,27). Regardless, many experts recom
mend 30 mmol of potassium phosphate (44 mEq K+) instead of KCl in one of
the i.v. bags for adults to prevent the marked hypophosphatemia that is sometimes
seen in DKA. In contrast, there is little indication for its use in NKH in the
absence of severe hypophosphatemia.

GENERAL MANAGEMENT

Clinical monitoring during treatment of DKA and NKH involves taking postural
blood pressure and pulse, tracking urine flow, jugular-vein distention, and auscul
tation of heart and lungs for signs of fluid overload. Nasogastric intubation may
be needed for those with nausea and vomiting or obtundation. It is recommended
that the clinical and laboratory data be properly recorded in a f10wsheet and
logged into the medical chart for easy access. Blood glucose determinations
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should be done hourly, especially to detect the unusual patients who do not re
spond to 0.1 U/kg/hr. Once the acute situation has passed, fingerstick glucose
measurements are continued at least every 4 hours until full recovery and the
patient is back on subcutaneous insulin. Similar guidelines are followed for elec
trolytes, particularly potassium. Electrolytes are checked every 2 hours until the
emergent situation has passed, then every 4-6 hours until full recovery. After
the initial arterial blood gas, venous blood can be used to follow the pH because
it is easier to obtain, and less painful for the patient. Venous pH is about 0.03
lower than the arterial pH.

Intravenous fluid is generally hypotonic after the initial first liter of 0.9%
NaCI. The average amount of fluid given during the first 6-8 hours is about 5
liters. Overzealous hydration can lead to edema, congestive heart failure, or adult
respiratory distress syndrome. Antibiotics are often used because many cases of
NKH and DKA are precipitated by infections, although their use should not be
considered routine. Low-grade fever is often seen in NKH, and leukocytosis is
common in both DKA and NKH. Thus, it is appropriate to look for clear evidence
of infection before beginning antibiotic coverage. It is also prudent to withhold
anticoagulation for the first 1-2 days to allow gastroparesis to remit (when pres
ent, it increases the risk of GI bleeding with heparin). Prophylactic heparin given
subcutaneously (5000 units every 12 hours) should be used if prolonged bed rest
is likely.

The range of time needed for the reversal of DKA depends to a large extent
on the initial degree of metabolic derangement. Recovery is defined as blood
glucose under 200 mg/dl, bicarbonate over 15 mEq/L, pH greater than 7.3, and
ketonemia negative at 1: 2 dilution. For a patient with an initial glucose of 800
mg/dl, bicarbonate less than 10 mEq/L, and pH under 7.1, it should take about
7.5 hours for the blood glucose to reach 200-250 mg/dl as the insulin therapy
generally lowers the blood glucose at a rate of 80 mg/dl/hr. It takes longer for
bicarbonate and pH to reach their recovery levels-often twice the time, or about
15 hours. It is thus necessary to continue the insulin infusion for several hours
after reaching the target glucose level (200-250 mg/dl), albeit at a lower dose
(0.05 U/kg/hr) to ensure full correction of the excess ketoacid production and
acidosis. This is done by substituting D5-0.9% NaCl or D5-0.45% NaCI for the
intravenous saline solution to prevent hypoglycemia.

In NKH, obtunded or comatose patients usually have a serum osmolality
greater than 340 mOsm/kg. Thus, an obtunded patient with an osmolality less
than 340 mOsm/kg should be evaluated for CNS lesions, drug intoxication, sep
sis, hypercalcemia, or other coexisting illnesses to account for the change in men
tal status. A patient with obtundation due to DKA needs at least as much time
to fully clear the sensorium as for normalization of serum bicarbonate.

The half-life of insulin given intravenously is only 5-10 minutes, so any
interruption in insulin delivered by this method can lead to recurrence of DKA.
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Often this occurs when the patient is changed from intravenous insulin to subcuta
neous insulin, because of delays either in writing the orders during transfer from
the intensive care setting to the general ward or in getting the doses, or because
of underdosing, in particular when long-acting insulin preparations like NPH
make up the majority of the subcutaneous insulin. To prevent recurrence of hyper
glycemia and ketoacidosis, it is best to switch from intravenous to subcutaneous
insulin before a meal so that the patient can go back (or start) his or her usual
insulin program. Zero to thirty minutes before the meal (depending on whether
a short-acting analog or Regular insulin is to be used), the subcutaneous insulin(s)
determined by the patient's program is given. Fifteen to thirty minutes later, the
intravenous insulin drip is stopped. The patient is monitored for the next 6
12 hours by 1-2-hourly urinary ketones and blood glucose measurements, and
electrolytes are measured at the end of that period to prove no recurrence of an
elevated anion gap and/or lowered bicarbonate level.

APPENDIX: PROTOCOL FOR MANAGEMENT
OF DIABETIC KETOACIDOSIS*

• Careful history and physical exam with attention to mental state, cardiovas
cular and renal status, sources of infection, and hydration.

• Initial biochemical evaluation: blood ketones, fingers tick glucose, urine ke
tones, serum glucose, arterial blood gases and pH, serum electrolytes, BUN,
amylase, CBC, urinalysis. Chest x-ray, EKG, and bacterial cultures if ap
propriate.

• Administer 1 liter 0.9% NaCI rapidly (within the first hour or faster if frank
hypotension), then 0.45% NaCI at 250-500 ml/hr unless there is concern
about cardiac or renal dysfunction. Monitor urine output, blood pressure,
and pulse rate. Central vein pressure measurement and/or cardiovascular
monitoring as clinically indicated.

• If the initial serum K+ is less than 3.5 mEq/L, 40 mEq/L KCl is placed
in each of the i.v. bags. For K+ 3.5-5.5 mEq/L, 20-30 mEq KCI is added
after the first liter of 0.9% NaCI if urinary output is adequate. Give no K+
supplements if K+ is above 5.5 mEq/L, but measure serum potassium every
1-2 hours. Oral potassium supplements can also be given if the patient is
not nauseated or vomiting.

• No bicarbonate is given for pH >7.0, 1 ampoule (44 mEq) for pH 6.9
7.0, and 2 ampoules (88 mEq) for pH <6.9. Each ampoule is given over
30 minutes with 15 mEq KCI.

• Give 10-20 units Regular insulin i.v. as a loading dose. Start continuous

* Adapted from Ref. 18.
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intravenous infusion 0.1 U/kg/hr Regular insulin, which in adults is 6-10
U/hr (as soon after loading dose as possible but can wait up to 1 hour). If

no improvement in anion gap, pH, and hyperglycemia within 2 hours, dou

ble the hourly insulin dosage each hour until clinical effect is noted.
• When plasma glucose reaches 250 mg/dl, change to 100-300 ml/hr D5

0.45% NaCI (KCI is added depending on the serum potassium level). Sub

stitute D5-0.9% NaCI if the serum sodium is <135 mEq/L. Decrease the
i.v. insulin infusion to 0.05 U/kg/hr and adjust the infusion every 2 hours

based on blood glucose:

<60 mg/dl Decrease 2 U/hr and give 25 ml 50% dextrose

60-100 mg/dl Decrease 1 U/hr
100-160 mg/dl No change

161-220 mg/dl Increase 1 U/hr
221-280 mg/dl Increase 2 U/hr

>280 mg/dl Give 8 units i.v. bolus and increase 3 U/hr

• When DKA has been controlled (serum glucose <200 mg/dl, bicarbon

ate> 15 mEq/L, pH >7.3, and serum ketone negative at 1:2 dilution),
patient is changed to subcutaneous insulin.
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Insulin Therapy and Hypoglycenlia

Anthony L. McCall
University of Virginia Health System, Charlottesville, Virginia

INTRODUCTION

Hypoglycemia impedes attainment of optimal glycemia. The benefits of excellent
glycemia in reducing diabetes complications are clearer than ever. Despite this,
those wishing to decrease the risk of microvascular complications through gly
cemic control inevitably face an increased risk of hypoglycemia, often without
warning symptoms and potentially with severe consequences. This is especially
true for those with type 1 diabetes mellitus, but also for some with type 2 diabetes
mellitus (see Figure I).

Optimal glycemia is defined as HbA Ie of less than 7% (Table 1), as recom
mended by the American Diabetes Association (ADA) (1). This goal is based
on evidence from studies in both type 1 and type 2 diabetes mellitus, such as the
Diabetes Control and Complications Trial (DCCT) (2) and the United Kingdom
Prospective Diabetes Study (UKPDS) (3,4). Moreover, such control is more pos
sible than ever with the panoply of therapies available. Newer insulins and strate
gies for their use in type I diabetes mellitus and use of drugs combined with
insulin that enhance insulin sensitivity in type 2 diabetes mellitus make excellent
control achievable.

The pathophysiology of hypoglycemia unawareness (inability to recognize
hypoglycemia) and defective insulin counterregulation (weakened hormone de-
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Severe insulin reactions
per 100 patient-years
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FIGURE 1 Severe hypoglycemia type 1 versus type 2 diabetes mellitus. Stud
ies of glycemic control and diabetes complications indicate that severe hypo
glycemia is less common with tight glycemic control in type 2 than type 1
diabetes mellitus. Two studies of type 1, the DCCT and Stockholm Diabetes
Intervention Study, found that severe insulin reactions occur at a rate of more
than 60 per 100 patient-years and have a threefold increased risk compared
with conventional therapy. In contrast, the UKPDS and two VA cooperative
studies of type 2 diabetes found a risk of severe hypoglycemia with tight gly
cemic control that was an order of magnitude less.

TABLE 1 Goals for Glycemic Control Recommended by the ADA

Additional action
Biochemical index Normal Goal suggested

Whole blood values
Avg. preprandial (mg/dl) <100 80-120 <80 or >140
Avg. bedtime glucose <110 100-140 <100 or >160

Plasma values
Avg. preprandial <110 90-130 <90 or >150
Avg. bedtime <120 110-150 <110 or >170

HbA,c (%) (normal 4-6%) <6 <7 >8

Note that self-monitored blood glucose (SMBG) values are about 10-15% higher in glu
cose meters using plasma-referenced testing. As a result, glycemic goals are adjusted
upward in plasma referenced systems. The values above are appropriate for relatively
healthy patients who have no identified increased risk of severe hypoglycemia.
Source: American Diabetes Association, 2001.
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fenses against hypoglycemia) is under active investigation. The importance of
hypoglycemia as a barrier to safe therapy is confirmed in recent studies. Risk
factors for severe hypoglycemia include: I) prior severe hypoglycemia, 2) hypo
glycemia unawareness, 3) defective insulin counterregulation, 4) age under 5
years, and 5) being elderly. New noninvasive and minimally invasive monitoring
of glycemia in addition to self-monitoring of blood glucose (SMBG) with fin
gerstick testing hold the promise of better information to attain safe control. Even
tually, these monitoring methods may be successfully linked with delivery de
vices to create an artificial ~ cell. As providers and patients increasingly strive
for excellent glycemic control, treatment strategies need to focus on reducing the
frequency of hypoglycemia. This chapter first reviews the risks of hypoglycemia
and then explains how to reduce that risk. These sections can be read separately.
Readers wishing more information on these subjects are referred to two excellent
books (5,6) for in-depth information.

THE IMPORTANCE OF HYPOGLYCEMIA IN TYPE 1
DIABETES MELLITUS

Hypoglycemia is an inevitable consequence of insulin therapy and the main bar
rier to safe attainment of optimal glycemia in type I diabetes mellitus. Most well
controlled patients average symptomatic hypoglycemic reactions twice a week,
and asymptomatic hypoglycemia is more common than that. Historically, about
25% of those with type I diabetes mellitus experience a temporarily disabling
hypoglycemic episode each year. Heightened awareness of hypoglycemia's im
portance arose from studies of glycemic control and diabetic complications in
type I diabetes mellitus, such as the DCCT (2). Hypoglycemia may also cause the
weight gain with intensive treatment (7). In the DCCT improvement in HgbA Ie

of 2% over 6.5 years reduced chronic diabetes microvascular and neuropathic
complications by 50% or more (Table 2 summarizes its benefits and risks).

The DCCT

In the DCCT, despite dramatic benefits of tight control, a threefold excess of
severe hypoglycemia-defined as requiring another person's assistance to re
cover-accompanied intensive therapy (8). During follow up of the 1441 pa
tients, there were 3788 episodes of severe hypoglycemia. Of these, 1027 were
associated with coma and/or seizure. Overall, 65% of patients in the intensive
group and 35% of patients in the conventional group had at least one episode of
severe hypoglycemia during the study. Several subgroups had a particularly high
risk of severe hypoglycemia. They included: 1) males, 2) adolescents, 3) those
without residual C-peptide, and 4) those with prior severe hypoglycemia. Gly
cemic goals need adjustment for safety in such high-risk patients. Similar to the
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TABLE 2 Benefits and Risks of Glycemic Control in the DCCT

McCall

Reduction of risk (2)

Primary prevention
Retinopathy 76% (62-85% CI)

Secondary prevention
Retinopathy 54% (39-66% CI)

Combined cohorts
Severe retinopathy 47% (14

67% CI)
Microalbuminuria (>40 mg/d)

39% (21-52% CI)

Albuminuria (>300 mg/d)
54% (19-74% CI)

Clinical neuropathy by 60%
(38-74% CI)

Increased risk (8)

Hypoglycemia
Serious hypoglycemia
RR of 3.28
Coma and seizures
RR of 3.02
Hospitalization for hypoglycemia
RR 1.5 (54 vs. 36 hospitalizations)

Weight gain (4.6 kg > controls at 5
years)

RR of 1.33 for >120% of ideal body
weight

Weight-related metabolic abnormal
ities (7)

The increase or decrease in risk for intensive insulin therapy is given for several param
eters based on data from the DCCT.
CI = confidence intervals; RR = relative risk.
Source: Adapted from Refs. 2, 7, and 8.

DCCT, the Stockholm Diabetes Intervention Study (SDIS) (9) reported reduced
risk for microvascular complications and increased risk of hypoglycemia with
intensive glycemic control. There were 1.1 episodes of serious hypoglycemia
with intensive treatment versus 0.4 episodes per patient per year with conven
tional treatment (l0). The clinical question raised by these trials is how to recog
nize and reduce the risk of hypoglycemia.

Recognizing Hypoglycemia: Common
Clinical Manifestations

Symptoms of hypoglycemia are usually divided into two main categories: 1)
autonomic (sometimes called neurogenic or sympathoadrenal) and 2) neuroglyco
penic, which means related to deprivation of glucose as fuel to the brain (Table
3). Typically, autonomic symptoms precede neuroglycopenic symptoms; that is,
patients become shaky and sweaty before confusion sets in. A reversal of tills
usual sequence manifest as loss of early autonomic symptoms occurs in patients
with hypoglycemia unawareness. For example, some patients will sweat when
markedly hypoglycemic after only an hour or two of mental slowing. Retraining
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TABLE 3 Common Symptoms
of Hypoglycemia
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Autonomic

Cold sweats
Paresthesias
Fine tremor
Hunger
Palpitations
Anxiety

Neuroglycopenic

Confusion or slow mentation
Blurred vision or diplopia
General fatigue or weakness
Faint or dizzy feeling
Mood disturbance
Feeling of warmth

Autonomic associated with hypoglycemia aware
ness; neuroglycopenic = related to fuel deprivation of
the brain symptoms.

patients and families to recognize changing symptoms (blood glucose awareness
training) is a focus for research and shows promise as a potential aspect of treat
ment for patients with problematic hypoglycemia (11,12).

Potential harm to the brain exists with repeated or severe hypoglycemia.
The common symptoms from moderate hypoglycemia that are caused by fuel
deprivation to the brain are confusion, visual disturbances, generalized fatigue,
feeling of faintness, mood disturbances, and a feeling of warmth (Table 3). Full
neurocognitive recovery after severe hypoglycemia may take as much as a day
and a half (19) even though patients may state that they are back to normal
function and superficially appear to be recovered when glucose has returned to
normal levels.

When more severe, acute hypoglycemia may have clinical manifestations
that are less well recognized clinically, such as acute hemiparesis. Some of these
less common neurological manifestations of severe hypoglycemia are summa
rized in Table 4.

TABLE 4 Neurological Manifestations of Acute Hypoglycemia

Decortication
Decerebration
Hemiplegia (transient)
Choreoathetosis
Ataxia
Convulsions (generalized or focal)

Locked-in syndrome
Amnesia
Stroke
Cortical atrophy
Peripheral neuropathy
Other focal neurological abnormalities

(pons, visual pathways)
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Hypoglycemia Unawareness

McCall

Hypoglycemia unawareness is associated with more profound cognitive dysfunc
tion during hypoglycemia, as shown by Gold et al. (20). Moreover, recovery of
intellectual function is delayed significantly in those with hypoglycemia un
awareness.

Brain Vulnerability to Hypoglycemia

Repeated bouts of severe hypoglycemia may impair cognitive function or damage
the brain. Deary et al. (13) found that patients with type 1 diabetes mellitus and
a history of severe hypoglycemia had a slight but significant decline in IQ scores
compared with a matched control group. Using MRI imaging, Perros et a1. (14)
compared 11 subjects with type 1 diabetes mellitus with no history of severe
hypoglycemia to 11 type 1 diabetes mellitus patients with a history of five or
more episodes of severe hypoglycemia and found cortical atrophy in nearly half
of those with a history of severe hypoglycemia (p < 0.05). CT and MRI have
been used to show that the basal ganglia, cerebral cortex, substantia nigra, and
hippocampus are vulnerable brain areas after profound, but sublethal, hypoglyce
mia (15). Hypoglycemia with seizures predicts cognitive dysfunction in diabetic
children (16,17); early onset «5 years old) of diabetes also portends cognitive
problems (18). The clinical concern raised by such findings is that repeated hypo
glycemia may interfere with the complex task of managing insulin therapy in
type 1 diabetes mellitus. This may result in a vicious circle in which subtle neuro
cognitive dysfunction increases the risk of subsequent hypoglycemia.

Hypoglycemia and Sudden Death

While it is emphasized that the brain is at risk from hypoglycemia, other organs,
including the heart may be affected, perhaps to a greater degree in type 2 diabetes
mellitus. Consequences of hypoglycemia include possible alterations in cardiac
ventricular repolarization that could underlie sudden death (21). Hypoglycemia
creates a prothrombotic state (22) and may predispose to acute ischemia, in either
the coronary or cerebral circulation. This may be more common for type 2 diabe
tes patients or those with longstanding type 1 diabetes because of underlying
atherosclerosis. Surprisingly few reports of such events occur in the literature
(23,24), although they do occasionally occur in practice, with an acute hypoglyce
mic event appearing to trigger a myocardial infarction or a thrombotic stroke.
One of the most feared consequences of hypoglycemia is the "dead-in-bed"
syndrome (25,26).

HYPOGLYCEMIA IN TYPE 2 DIABETES MELLITUS

Generally, hypoglycemia is less frequent and less severe in type 2 diabetes melli
tus than in type 1 diabetes mellitus. This may reflect a relative resistance to insulin
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action in type 2 diabetes mellitus, greater retention of ~-cell function, and better
preserved hormonal counterregulation at below-normal glucose levels (27). For
example, in the DCCT-like Kumamoto study of glycemic control and complica
tions in those with type 2 diabetes mellitus (28), no severe hypoglycemia occurred
and mild hypoglycemia was only slightly increased with intensive insulin therapy.
In the UKPDS, symptomatic hypoglycemia occurred in about 30% with intensive
therapy, but severe hypoglycemia in only about 2% (3). Figure 1 shows that rates
of severe hypoglycemia in studies of type 1 diabetes mellitus (top two bars) are
an order of magnitude greater than in type 2 diabetes mellitus (bottom three bars).

Hypoglycemia and the Elderly

Despite these apparently reassuring findings, hypoglycemia in the elderly and
certain others with type 2 diabetes mellitus may be a serious concern. Matyka
et al. (28) compared counterregulatory hormones and symptoms with controlled
hypoglycemia in younger versus older subjects. Hormonal responses were simi
lar, but hypoglycemic symptoms began at higher glucose levels in the younger
men and were more intense, permitting recognition and self-treatment. Neurologi
cal function, such as reaction time, deteriorated earlier and to a greater degree
in the older men. Most importantly, the normal difference between the glucose
levels for awareness of hypoglycemia and the onset of cognitive dysfunction was
lost in the older men. This means that older subjects were less likely to experience
autonomic warning symptoms. Thus, reduced warning of hypoglycemia charac
terizes normal aging. In the United States, some 6.3 million people above age
65 have diabetes; many eventually will need insulin therapy and thus may be at
greater risk for significant hypoglycemia.

Risk Factors for Serious Hypoglycemia in Type 2
Diabetes Mellitus

Certain factors may predispose to serious hypoglycemia in type 2 diabetes melli
tus. In a large study of Medicaid enrollees aged 65 years or older who used
insulin or sulfonylureas from 1985 through 1989, Shorr et a1. (30) found that the
rates of serious hypoglycemia were 2.76 per 100 person-years among insulin
users. Predictors of subsequent hypoglycemia included: I) recent hospitalization
(the strongest predictor)-relative risk of serious hypoglycemia was 4.5 from I
to 30 days after discharge, 2) advanced age (1.8 relative risk), 3) black race (2.0
relative risk), and 4) use of five or more concomitant medications (1.3 relative
risk).

Awareness and Defenses in Type 2 Diabetes Mellitus

Counterregulation and hypoglycemia unawareness have been much less studied
in type 2 diabetes mellitus than in type 1 diabetes mellitus (31). Bolli and col-
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leagues (32) reported deficient hypoglycemia-induced glucagon, growth hor
mone, and cortisol responses, but normal epinephrine responses and increased
norepinephrine release in type 2 diabetes mellitus. Enhanced suppression of glu
cose utilization contributed more to restoration of euglycemia than did increased
glucose production by the liver. Similarly, Shamoon et al. (33) found decreased
glucagon but increased epinephrine responses to hypoglycemia in type 2 diabetes
mellitus. Spyer et al. (27) recently reported that counterregulation occurs at higher
glucose levels in well-controlled (HgbA Ie 7.4%) type 2 diabetes mellitus than in
nondiabetic individuals. In a study comparing those with and without hypoglyce
mia unawareness and type 2 diabetes mellitus, Ohno et al. (34) found indirect
evidence to suggest autonomic neuropathy in those with hypoglycemia un
awareness. Importantly, Hepburn and colleagues (35) found that when type I
and type 2 diabetes mellitus patients are matched for insulin therapy and glycemic
control, there is not a significant difference in hypoglycemia frequency. Thus,
while hypoglycemia may be less frequent overall in type 2 than type 1 diabetes
mellitus, the underlying pathophysiology seems similar, and when matched for
insulin therapy the risk may also be similar.

REVERSIBLE HYPOGLYCEMIC DISORDERS

Reversible physiological abnormalities are often an important feature in patients
who experience serious hypoglycemia. The following discussion indicates their
important features for the clinician.

The HAAF Syndromes

Cryer (37) coined the term hypoglycemia-associated autonomic failure (HAAF)
to indicate a constellation of abnormalities that are largely reversible, are induced
by prior hypoglycemia, and affect protective body responses to hypoglycemia.
Reduced glucagon and epinephrine responses to hypoglycemia appear to be espe
cially important. The etiology of these syndromes, which include hypoglycemia
unawareness and defective insulin counterregulation, is incompletely understood.
Altered transport of glucose into the brain may underlie ineffective hypoglycemia
defenses (38-40). Excessive glucocorticoid secretion in response to hypoglyce
mia could be an important aspect of defective awareness and counterregulation,
as proposed by Davis and colleagues (41,42). Recently, the possibility has been
raised that beta-adrenergic receptor down-regulation may be important in hypo
glycemia unawareness and defective counterregulation (43,44). Whether these
mechanisms are complementary, overlapping, or independent is unknown. One
of the most important aspects of the HAAF syndromes is that they appear to be
directly linked to prior episodes of hypoglycemia and can reverse in days to
weeks (see Table 5 on management of hypoglycemia unawareness) following
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TABLE 5 Management of Patients with Hypoglycemia Unawareness
(Mnemonic: Rule of Threes)

201

Test 5MBG more than three times a day (typically, four to seven needed)
May need up to three times usual Rx to go over 100 mg/dl (i.e., usual 15

grams may be increased temporarily to up to 45 grams of dextrose)
First goal is to avoid all hypo for 3 days-this is when pattern begins to

emerge of therapy response (reduction of insulin resistance from prior
hypoglycemia)

Next goal is to avoid hypoglycemia for 3 weeks, which is associated with
recovery of hypoglycemia awareness and/or counterregulation for those
without DAN

Need 3 to 6 months to improve awareness in DAN patients

DAN = chronic diabetic autonomic neuropathy, which differs from HAAF (hypoglyce
mia-associated autonomic failure) in that the former is seldom significantly reversible.

cessation of hypoglycemia. The clinical take-home point is this: when confronted
with a patient who is experiencing frequent hypoglycemia, do whatever is neces
sary to prevent recurrence of hypoglycemia. If this is done, the problem may
rapidly resolve itself.

Reversibility of HAAF Syndromes

Recovery from hypoglycemia unawareness (often coupled with improving hor
monal counterregulation) may begin within 2-3 days (Table 5) if hypoglycemia
is strictly avoided (36,45). It is not necessary, however, to reduce insulin doses
so markedly that severe hyperglycemia results (46). This may be reassuring to
patients who might otherwise resist dose reduction for fear of the (long-term)
consequences of hyperglycemia and intolerance of symptoms related to hypergly
cemia. With avoidance of hypoglycemia over 2-3 weeks, recovery of symptom
awareness and insulin counterregulation may be substantial in type 1 diabetes
mellitus patients without autonomic neuropathy (36). In patients with severe dia
betic autonomic neuropathy, 6 months may be needed and recovery is typically
less complete (47).

Nocturnal Hypoglycemia

The frequency and importance of nocturnal hypoglycemia are critical to recog
nize. Nocturnal hypoglycemia can induce hypoglycemia unawareness and re
duced insulin counterregulatory defenses (48). Routine bedtime snacks protect
poorly against nocturnal hypoglycemia (49). Some have recommended the use
of uncooked corn starch (50). Children were found in one study to have nocturnal
hypoglycemia half of nights studied, and half of the hypoglycemia was asymp-
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tomatic (51). Matyka et al. (52) have suggested that children with nocturnal hypo
glycemia have prolonged episodes due to defective insulin counterregulation.1
Since awareness of hypoglycemia is normally reduced during sleep, nighttime

l

·
(2 to 3 A.M.) home glucose monitoring may help detect such events.

MANAGING PATIENTS WITH HYPOGLYCEMIA ON INSULIN
THERAPY: IDENTIFY RISK

How can one prevent serious hypoglycemia in patients taking insulin? The first
step is to recognize those who are at increased risk. Table 6 depicts the known
risk factors that impair hypoglycemia defenses. Another important early step is
to set appropriate glycemic goals for patients and individualize them according
to the risk of hypoglycemia. The American Diabetes Association (1) suggests
the glycemic goals listed in Table 1.

Adjust Glycemic Goals

In practice, one needs to adjust glucose goals upward, at least temporarily, until
hypoglycemia unawareness reverses in patients at clearly increased risk of serious
hypoglycemia. A standard approach is to raise glucose targets in elderly, chroni
cally ill, or debilitated patients, including those with severe cardiac or cerebral
ischemia or other known risk factors for severe adverse consequences ofhypogly
cemia. Increasing HbA ,c by about 1% is usually all that is needed to reverse
hypoglycemia unawareness and improve counterregulation (36). This correlates

TABLE 6 Common Factors Impairing Hypoglycemia Defenses

Antecedent hypoglycemia itself is perhaps the most important precursor to significant
later hypoglycemia. Prior hypoglycemia may occur during the daytime and often oc
curs at night. It need not be very severe to be important in reducing hypoglycemia
defenses. A history of severe hypoglycemia, however, is an important predictor of re
curring severe hypoglycemia.

Antecedent hypoglycemia
Diabetic autonomic neuropathy
Defective insul in cou nterregu lation
Hypoglycemia unawareness
Nutritional factors

Gastropa resis
Alcohol intake
Fasting and skipped meals
Low-carbohydrate fad diets
Malnutrition

Hormonal environment
Adrenocortical insufficiency
Hypopituitarism
Pregnancy
Hypothyroidism
Glucocorticoid excess

Extremes of age
Renal and hepatic insufficiency
Sliding-scale insulin therapy
Erratic schedu les
Exercise
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TABLE 7 Overview of Strategies to Reduce Hypoglycemia Risk
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1. Learn to copy normal ~-cell physiological responses with insulin ther
apy.

2. Teach patients to adjust their lives to their insulin therapy or, prefera
bly, their insulin therapy to their lifestyles.

3. Ensure safety by providing all patients (and their families or col
leagues) with adequate remedies for hypoglycemia.

4. Set appropriate glycemic goals. Modify goals if patients have history
of severe hypoglycemia, hypoglycemia unawareness or defective
counterregulation, or other risk factors that predispose to severe hypo
glycemia.

5. Recognize signs of overtreatment early, including nocturnal hypoglyce
mia, to minimize the risk of severe hypoglycemia.

6. Provide alternative insulin strategies for patients not doing well on cur
rent strategies (see Table 8).

7. If frustration or lack of success ensues, seek consultation with a diabe
tes specialist.

with an average increase of fasting and preprandial blood glucose of about 30
mg/dl.

Elsewhere in this book are chapters dealing with other aspects of insulin
therapy. Some overlap is unavoidable; the presentation below suggests strategies
that are particularly tied to reducing hypoglycemic risks in patients with problem
atic hypoglycemia. Tables 7 and 8 provide an overview and summarize the strate
gies for reducing hypoglycemic risk in treatment of diabetes.

TREATMENT OF HYPOGLYCEMIA (A TREATMENT,
NOT A TREAT)

Urgent situations dictate use of any available sugar source to remedy acute hypo
glycemia. However, it is preferable to use a measured, standard amount of pure
dextrose when possible. This has several advantages. Most importantly, dextrose
is rapidly absorbed and will quickly correct hypoglycemia. Hypoglycemia should
not be treated with a candy bar or other sugar source that contains unwanted
saturated fat, which slows sugar absorption, delays hypoglycenlic recovery, and
may adversely affect hyperlipidemia and caloric balance. Hypoglycemia-unaware
patients often undertreat themselves, probably because hypoglycemia is less un
pleasant when there are few or no distressing autonomic symptoms. Typically
~ 15-20 g of dextrose will restore euglycemia in adults; children should base
doses on weight. Depending on the initial 5MBG value, patients may need as
little as one-half (for mild symptoms and blood glucose a little less than 100 mgt
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TABLE 8 Detailed Strategies to Reduce Hypoglycemia by Improving
Insulin Therapy

McCall

Switch from sliding-scale insulin to pattern management.
Change fixed ratio insulins to individual doses (e.g., switch 70/30 insulin to

70% NPH and 30% Regular to permit individual dose adjustment).
Move NPH to bedtime but leave Regular (or other bolus insulin) at

dinnertime.
Use a correction bolus (1500 rule for Regular, 1800 rule for lispro) but also min

imize overlap with other short-acting insulin doses and avoid near bedtime.
Reduce hypoglycemia before addressing hyperglycemia.
Ensure that hypoglycemia is fully treated (not just symptom improvement)

by checking 5MBG 15 minutes after treatment.
Provide adequate carbohydrate snacks for increased activity.
If patient varies dose, check total daily dose to ensure that there is not too

much variation.
Check balance of long-acting and short-acting insulin: overreliance on

long-acting insulin causes late delayed hypoglycemia; overreliance on
short-acting insulin causes postprandial hypoglycemia.

Manipulate the timing of short-acting insulin injection relative to meals
(lag time).

Decrease lag time with hypoglycemia or take insulin after meals; increase
with hyperglycemia.

Discourage use of short-acting insulins (Regular, lispro, aspart) at bedtime.
Switch from NPH- or Lente-based regimen to basal-bolus strategy

(Ultralente b.Ld., glargine q.d.).
Switch from Regular insulin-based regimen to lispro-based regimen (or

insulin aspart).
Dose short-acting (meal bolus) insulins based on carbohydrate counting.
Add a shot of short-acting insulin at noon.
Reduce overall insulin doses ~20% when going from a simple to a more

complex regimen (multiple injections, insulin pumps) if adequate overall
control exists.

Use insulin pumps in appropriately trained and motivated patients.

dl) or as much as double this amount (for profound symptoms or blood glucose
of <40 mg/dl) of dextrose to start. Table 9 gives common and preferred sources
of dextrose or other carbohydrates for the treatment of hypoglycemia. Once hypo
glycemia has been fully treated, either a meal or at least a snack containing protein
and carbohydrate should be eaten.

Retest and Re-treat

It is very important to have patients retest glucose values 15 minutes after dex
trose treatment for hypoglycemia; some patients require two or three treatments
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TABLE 9 Therapies to Reverse Hypoglycemia
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First choice (dextrose-based, easily dosed)
Four dextrose tablets (e.g., DEX4): 16 grams of dextrose
One tube of glucose gel (small tube is '13 of a large tube): 15 grams of

dextrose
Second choice (dextrose-based)

Nine Sweet Tarts: 15.4 grams of dextrose
Three rolls of Smarties: 15 grams of dextrose
Nine Spree candies: 15.4 grams of dextrose

Third choice (all contain 15-20 grams of carbohydrate)
'12 cup of fruit juice
6 oz Kool-Aid or lemonade
'/2 can non-diet soda (6 oz)
Six or seven Lifesavers
Six or seven jelly beans
Three pieces of hard candy (e.g., butterscotch, peppermint)
8 oz of a sport drink
1 heaping tablespoon (3-4 teaspoons) of table sugar

If patient cannot swallow
0.5 to 1 mg s.q. or i.m. glucagon (caution: vomiting can occur)

Other safety issues
ID bracelet or necklace needed for any with prior severe hypoglycemia

or hypoglycemia unawareness
Glucagon instruction of friends, relatives, or co-workers may be needed
Difficulty reversing hypoglycemia or need for glucagon indicates need

for emergency-room evaluation

Treatments, in our suggested order of preference, that will reverse hypoglycemia (i.e.,
increase 5MBG to 100 mg/dl or morel. It is important to remember that one treatment
may not reverse hypoglycemia. All patients, particularly those who are hypoglycemic
unaware, should retest 15 minutes after 15 grams of dextrose treatment and re-treat
if 5MBG is not> 100 mg/dl (the 15/15 rule for hypoglycemia treatment). Patients can
also be asked to read food labels if the above choices are not available and look for
15 grams of carbohydrate in foods that are free of protein, fat, and fiber.

to raise plasma glucose above 100 mg/dl, the minimum goal. For safety, all
patients with increased hypoglycemia risk need a Medic Alert or other ID bracelet
and glucagon kits with instruction given to friends and relatives on their use.

Jl-CELL MIMICRY AS AN INSULIN STRATEGY
TO REDUCE HYPOGLYCEMIA

Mimicking the pancreatic ~ cell with insulin treatment is an important strategy for
attaining successful glycemic control while reducing the risk of hypoglycemia.
Evidence of this is the growing use of insulin pumps in the management of type
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FIGURE 2 The pattern of normal peripheral plasma insulin levels throughout
the day in a normal-weight nondiabetic individual. (Adapted from Ref. 66.)

I and even type 2 diabetes. Physiologically, the ~ cell has two components of
insulin output (see Figure 2). The first is a relatively constant level of insulin
secretion between meals and at night to maintain euglycemia. This is the basal
insulin. It represents half or a little less of normal insulin secretion. There is a
diurnal rhythm in basal insulin needs-insulin sensitivity is reduced in the early
hours of the morning, mandating increased insulin secretion in some patients,
especially younger ones. This early-morning rise of basal insulin secretionlre
quirement has been termed the dawn phenomenon. The second component is
adequate meal-related insulin secretion. This is the bolus insulin.

Newer Insulins Mimic Basal and Bolus Better than NPH
and Regular

The two components are matched better with some insulin strategies than with
others. Currently, most physicians primarily use NPH and Regular. These two
insulins can sometimes be successfully combined to achieve excellent control, but
they are generally less likely to provide a physiological mimicry than alternative
strategies. The newer' 'designer" insulins (which have a modified amino acid
structure) may better mimic pancreatic basal and bolus insulin replacement. They
are playing an increasingly important role in intensive insulin therapy programs
that are designed to provide physiological insulin replacement while minimizing
hypoglycemic risk. These insulin analogs include the very quick-onset and quick
acting lispro and aspart and the long-acting basal insulin glargine (see Figure 3).
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May be useful for erratic lifestyle
Need 10 dose quick-acting insulin based on carbohydrates

FIGURE 3 A basal-bolus strategy for insulin administration may reduce risk
of hypoglycemia in those with erratic schedules or in whom diabetes is more
labile because of greater insulin deficiency, such as in type 1 or late-type 2
diabetes mellitus. Insulin glargine (G) once daily may offer a reduced risk of
hypoglycemia and more consistent levels than NPH or Ultralente insulin
given twice daily. Usually, quick-acting, physiological insulin replacement at
meals is provided by insulin analogs such as lispro (L) or insulin aspart (A).
The timing and relative dose (divided initially into six parts distributed as
illustrated) are given for glargine and the quick-acting insulin analogs at
breakfast (8), lunch (L), dinnertime (D), and bedtime (Hs).

Reducing Insulin with Exercise

Another issue that commonly arises in physiological replacement of insulin, par
ticularly in younger patients, is the adjusting of therapy for increased physical
activity. Exercise enhances insulin sensitivity during the activity and up to 12
hours afterward (causing delayed hypoglycemia) while repletion of depleted glu
cose stores (glycogen) in muscle occurs. For example, lively activity in the eve
ning (e.g., dancing) can enhance the risk of nocturnal hypoglycemia 4 to 8 hours
later and generally calls for a reduction of the bedtime insulin dosage. Exercise
after meals, of modest intensity (25% VOz maJ for an hour or of moderate intensity
(50% VOz max) for 30 minutes, requires a 50% reduction in bolus insulin doses
(53). More vigorous or longer-duration exercise requires a 75% or greater reduc
tion in bolus insulin. Recognition of hypoglycemia is reduced with exercise partly
because of catecholamine depletion.
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MONITORING OF DIABETES TO ADJUST
INSULIN THERAPY

McCall

5MBG is crucial to successful and safe insulin therapy. The frequency required
should be individualized, but generally should be frequent in those with an in
creased risk of hypoglycemia, particularly hypoglycemia unawareness-in gen
eral, routinely before meals and at bedtime. Occasional tests in the middle of the
night (typically 2-3 A.M.) can be helpful to identify nocturnal hypoglycemia.
Testing before driving and when working with dangerous machinery is often
also indicated. Testing at times of anticipated peak insulin action (e.g., -2 hours
postprandial with lispro or aspart) is sometimes needed. With hypoglycemia un
awareness, patients may be surprised to find that they are hypoglycemic much
more frequently than they suspect.

Problems with Sliding Scales

Adjusting insulin therapy based on monitoring can be done in several ways. Many
patients base their insulin adjustments primarily on the current blood glucose
concentrations, an approach similar to sliding-scale insulin therapy, which is of
ten used in the hospital setting. This can increase hypoglycemia risk, particularly
if long-acting doses are adjusted in this manner. In ambulatory care, as in the
hospital, sliding-scale insulin is usually a relatively poor choice, often resulting
in erratic control with unpredictable hypoglycemia (54,55) (see Table 10). An
alternative strategy to supplement insulin, called a correction bolus, is illustrated
in Table 11.

Pattern Management

A better means for adjusting insulin therapy is sometimes called pattern manage
ment (56), which typically examines the pattern and consistency of therapy re-

TABLE 10 Problems with Sliding-Scale Insulin

Attempts to make insulin work backward
Doses insulin based on a single glucose value
Ignores pattern of therapy response
Does not lead to stability of regimen
Requires hyperglycemia to initiate therapy if given without basal insulin

Sliding-scale insulin works poorly to match insulin needs and timing. It removes con
text from interpretation of 5MBG testing (e.g., rebound hyperglycemia). Although sup
plemental insulin may be important, particularly on sick days, as a primary strategy it
leads to erratic control, with alternating hyper- and hypoglycemia and often insulin
overdosage.
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TABLE 11 Use of a Correction Bolus (Alternative to Sliding-Scale Insulin
for Short-Term Correction of Hyperglycemia)

Patient with poor short-term control (not a rebound)
Rule of 1800 (Iispro/aspart)a
1800/TDD = mg/dl drop of glucose expected

Clinical example: A 39-year-old man with 12-year history of type 1 diabe
tes is using 12 units of Ultralente insulin at breakfast and dinner. He takes
an average of 5 units of lispro insulin at breakfast, 3 units of lispro at
lunch, and 8 units of lispro with his main meal (dinner). You calculate his
total daily dose (TDD) to be 40 units for all insulins. Thus, using the 1800
rule predicts that the administration of 1 additional unit of lispro should
reduce glucose by 45 mg/dl (1800/40 = 45).

Important caveats
Do not use at bedtime generally (may risk nighttime hypoglycemia)
Do not use if you recently took short-acting insulin (additive effect may

risk hypoglycemia)
Use rule of 1500 for regular insulin-based regimens (less peak effect

than lispro or aspart)
Best worked out for leaner patients and those with type 1 diabetes mel

litus

TDD = total daily dose of insulin (all types).
·Presumably, similar strategies for insulin aspart and lispro will be used.

sponse (SMBG values) over several days or longer. One or two changes in insulin
administration aimed at the most consistently abnormal values to bring them into
better control are selected, followed by a period of observation to see whether
an improved pattern emerges.

Four things are required to make pattern management work in insulin
treated patients. First, pattern management needs sufficient monitoring frequency
to be able to determine a pattern. Second, it requires clear communication of
appropriate glycemic goals and their adjustment upward in patients at high risk
of hypoglycemia. Third, it requires a time interval (typically either 3 or 7 days)
after which patterns of glycemia are re-evaluated and changes made if glycemic
targets are not met. Fourth, it requires an increment or decrement size (commonly
10-20% of the dose) for the dosage adjustment.

New Monitoring Strategies

Recent innovations in monitoring may soon permit safer attainment of excellent
glycemia. The use of subcutaneous glucose sensors (as are available from Mini-
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FIGURE 4 Detection of unsuspected hypoglycemia in a type 1 diabetes melli
tus patient using a subcutaneous glucose sensor. The circled area on the left
side of the chart illustrates a period of unsuspected and asymptomatic noc
turnal hypoglycemia in someone with type 1 diabetes, found by using a sub
cutaneous continuous glucose-monitoring sensor (MiniMed CGMS system).
Because this type of sensing of glucose values still has some errors (sensor
decay), its use is currently limited to physicians and not patients.

Med) holds promise in this regard (57). Figure 4 shows an example of unsus
pected hypoglycemia that was detected by using a 72-hour subcutaneous glucose
sensor in a patient. Another possibility is the use of a Glucowateh Biographer,
a wristwatch-like device recently approved for adults by the FDA that detects
subcutaneous interstitial fluid glucose by reverse iontophoresis and has a readout
similar to that of a large LCD watch (58). These devices are fairly new but seem
promising for selected patients.

INSULIN THERAPY AND HYPOGLYCEMIA

Initially, insulin therapy was available only as Regular insulin from animal pan
creas glands. The result was multiple injections and frequent hyper- and hypogly
cemia, reflecting difficulty in providing adequate basal insulin replacement. The
addition of protamine to insulin, first as PZI (protamine zinc insulin, no longer
used) and later as NPH (neutral protamine Hagedorn, after the physician who
introduced it), reduced the rate of absorption of insulin and provided the first
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attempts at a basal insulin strategy. Human insulins have now replaced animal
insulins. Despite some initial concern, human insulin does not carry any addi
tional risk for hypoglycemia over animal insulins (59).

Insulin Analogs and Physiological Insulin Replacement

Regular insulin starts to work within ~30 minutes, has its peak action by ~3

hours, and, although reputed to last only 4-6 hours, has a long tail (see Figure
5) that creates a risk of late postprandial hypoglycemia in many patients. The
time-action curve of Regular is also frequently variable in its onset and peak
action in different people, and in particular is typically delayed in obese, insulin
resistant type 2 diabetes mellitus patients. In contrast, the insulin analogs lispro
and aspart are quicker in onset (~15 minutes) and shorter in duration (3-4 hours),
and have a more reliable time of peak action-typically a little less than 2 hours
after the injection-which closely mimics the timing of peripheral venous insulin

Pattern management
AS!>ess with 5MBG
!3eutime '"PH "itll Fll(j
iJ In NI'I! with pr~~dinncr EG
Dinncr Reg with bcdtimc BG
\!orn Reg \1 Llil pre-lunch H(;Dinl1er Reg

N/R - % - O/R - N/O (B-L-D-Hs)
2: 1 - 0:0 - 0: 1 - 2:0 (sum = 6 parts)
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Ilreak I~l'il Reg
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FIGURE 5 Suggested distribution of insulins in combination of NPH (or Lente)
and Regular insulin. NPH and Regular insulin are best distributed throughout
the day in the above-depicted manner for those with type 1 or late type 2
diabetes. NPH and Regular can be taken together about 30 minutes before
breakfast usually in a 2: 1 ratio. About 30 minutes before dinner the second
dose of Regular insulin is given, and the final injection of NPH is given within
an hour of bedtime. The best times to sample the self-monitoring of blood
glucose (SMBG) pattern of therapy response, to gauge the need for therapy
adjustment for the individual doses of NPH, are before breakfast and dinner
for the bedtime and morning NPH, respectively. For breakfast Regular and
dinner Regular insulin, the therapy response pattern is best gauged by 5MBG
values before lunch and at bedtime, respectively.
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levels with meals in nondiabetic subjects. As shown in Figure 6, Regular insulin
needs to be taken 30 minutes or more before meals to act in time to prevent
hyperglycemia from food absorption.

NPH-Based Regimens

Most primary-care providers prescribe NPH and Regular insulin, typically given
together as a pre-breakfast and pre-dinner strategy (often referred to as split
mixed insulin). Fixed-insulin-ratio preparations, e.g., 70/30 insulin, are also pop
ular because of their convenience and presumed greater dosing accuracy. NPH
insulin given at dinnertime works reasonably well for some patients with type 2
diabetes mellitus, especially the more obese patients (60). However, the use of
dinnertime NPH insulin in leaner type 2 diabetes mellitus (BM! :S 28) patients
and those with insulin deficiency from type 1 diabetes mellitus or pancreatic
diabetes often causes nocturnal hypoglycemia because the expected peak effect
ofNPH insulin (maximum glucose lowering) occurs within 8 hours of administra
tion, sometimes earlier. For example, if dinnertime is 6 P.M., then the NPH peak
effect occurs between midnight and 6 A.M., when patients are asleep and less
able to recognize and effectively treat hypoglycemia. 5MBG at 2-3 A.M. may
be needed to detect this problem.

Preventing Nocturnal Hypoglycemia on NPH Regimens

The remedy for nocturnal hypoglycemia from dinnertime NPH is to move the
NPH (but not the short-acting meal insulin) to near bedtime. If the patient is on
a fixed-insulin-ratio preparation (such as 70/30), this means determining the dose
of Regular and NPH from the total 70/30 administered and dosing them sepa
rately. For example, to determine the correct starting dose of someone who is
on 50 units of 70/30 insulin, multiply the total dose by 0.7 to determine NPH
amount (35 units) and by 0.3 to determine the Regular insulin dose (15 units).
The Regular insulin would then be given around 30 minutes prior to dinner and
the NPH would be given at bedtime (see Figure 5). Most type 1 diabetes mellitus
patients and leaner type 2 diabetes mellitus patients (see Table 8) need to separate
evening NPH and Regular and use a three-shot regimen to avoid middle-of-the
night hypoglycemia.

Hypoglycemia with Fixed-Ratio Insulins

Patients on fixed-ratio insulin preparations may have postprandial hypoglycemia
because the few available ratios in the United States (70130 and 50150 NPH and
Regular, 75/25 lispro and NPL) limit the chance of having a ratio that is exactly
right for that patient. Further flexible dosing of Regular insulin to match the
carbohydrates for different meals is not possible. As illustrated above, the remedy
to this kind of problem is the separate dosing and proper timing of the insulins.

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



Hypoglycemia 213

Individual dosing for NPH and short-acting insulin allows more precise matching
of insulin effects to the glucose peak, leading to improved control of postprandial
glucose excursions.

Erratic Schedules, Missed Meals, and Intermediate Insulins

NPH and Lente insulin have similar (but not identical) delayed peak hypoglyce
mic actions (intermediate insulins) that result in a prolonged insulin effect. For
example, patients simply cannot skip lunch or delay dinner after morning NPH
injections without late-afternoon hypoglycemia. Likewise, when NPH or Lente
insulin is given near bedtime, breakfast cannot be delayed or omitted, as morning
hypoglycemia may ensue. This commonly happens to patients who come for
fasting blood tests. In patients who have an early peak of NPH or Lente action,
mid-morning or middle-of-the-night hypoglycemia can occur. An insulin prepara
tion such as insulin glargine may improve this kind of situation.

Patients with erratic schedules that lead to unpredictable eating and physical
activity patterns often do poorly on NPH- or Lente-based insulin regimens. Peak
ing of the insulin effect at unwanted times results in frequent hypoglycemia and/
or poor glycemic control. Switching to a different basal insulin combined with
a bolus of quick-acting insulin with meals (i.e., a basal-bolus regimen) may rem
edy this kind of problem with hypoglycemia. Recent studies suggest that use of
insulin glargine, a newly manufactured long-acting "designer" insulin, may help
some patients reduce the frequency of hypoglycemia especially at night (61,62),
and may be a superior basal insulin strategy, owing in part to greater reproducibil
ity. Some tradeoffs exist, however, because glargine cannot be mixed with other
insulins and there is occasionally more discomfort with its injection because this
insulin is constituted in an acidic pH 4.0 solution.

The Dawn Phenomenon

The' 'dawn phenomenon" represents a challenge for patients on insulin therapy.
The term describes the normal early-morning fall of tissue insulin sensitivity that
is counteracted by increased insulin secretion in nondiabetic individuals but is
manifest as rising glycemia in persons with diabetes. The physiology is believed
to be due to the delayed effect of growth hormone during deep sleep, creating
a later temporary period of insulin resistance in the early morning (63). The dawn
phenomenon is typically more intense in younger patients and tends to wane with
increasing age. Worse glycemic control predicts a greater dawn phenomenon
(64). Bedtime intermediate insulin (NPH or Lente) may be advantageous in some
patients with a marked dawn phenomenon, with the peak effect of the insulin
countering the rise in morning glucose. Often a problem with the dawn phenome
non is the increased risk of hypoglycemia either just before or just afterward
(that is, in either the middle of the night or mid-morning). In people with an
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extreme dawn phenomenon, a basal-bolus approach to insulin therapy may fail
to control morning hyperglycemia without unacceptable hypoglycemia at other
times of day. Such a problem often leads to selection of insulin-pump therapy,
which allows programmed changing of the basal infusion rates during the night.

Basal Insulin Strategies

For most patients with erratic schedules or who have problematic hypoglycemia
when on NPH (or Lente) and Regular or another short-acting insulin, a switch
to a better basal insulin may reduce hypoglycemia frequency and severity. Basal
insulin normally comprises about half of the total daily insulin dose. This insulin
controls hyperglycemia between meals, which is due to hepatic glucose produc
tion. Overreliance on basal insulin, however, risks delayed hypoglycemia; this
may be seen when basal insulin far exceeds 50% of total daily dosage. Until
recently, a basal-bolus strategy for most patients meant a switch to Ultralente
insulin, usually given as two injections a day of roughly equal doses before break
fast and dinner. Bolus insulin in the form of quicker-acting insulin would also
be given for meal coverage. The bolus of quicker-acting insulin could be Regular,
lispro or aspart (see Figure 3). This combination has been shown to be effective
and flexible, although most diabetes specialists recognize that Ultralente insulin
has some peak action and its peaks are somewhat unpredictable. In outpatient
practice, long-acting bolus insulin doses are usually adjusted once a week to
minimize risk of overinsulinization as doses are adjusted upward.

Bolus Insulin Strategies

Matching bolus insulin to meals is an ongoing challenge for many patients with
diabetes mellitus, particularly those who are markedly insulin-deficient. Impor
tant variables that are often not attended to include the factors mentioned in Table
8. In particular, it is clear from older studies that the timing of insulin can be as
important as the dose (see Figure 6).

Manipulation of the "Lag Time" to Avoid Hypoglycemia
from Bolus Insulin

As Figure 6 illustrates, altering the lag time-the time between insulin injection
and meal ingestion-is a successful strategy to achieve postprandial glycemic
control without hypoglycemia. For example, patients may be concerned about
using quick-acting insulin preparations when they have hypoglycemia. Omission
or reduction of bolus insulin, however, produces marked hyperglycemia. At
tempting to correct the postprandial hyperglycemia with later supplemental insu
lin may risk later hypoglycemia due to overcorrection. A safe approach to bolus
dosing in the face of before-meal hypoglycemia is to reduce the lag time (for
Regular insulin) or to take quick-acting insulins (lispro or aspart) after the meal
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FIGURE 6 Importance of timing of subcutaneous insulin. In this study, the
authors examined the glycemic response to mealtime Regular (R) insulin
(doses from 11 to 13 units) in well-controlled type 1 diabetes mellitus patients
at varying lag times: 0 minutes (triangles), 30 minutes (circles), and 60 min
utes (square) before a mixed meal (10 kCal/kg, 45% carbohydrate, 35% fat,
and 20% protein). One may conclude from this study that timing of insulin
may be as important as dose in determining postprandial hypoglycemia or
hyperglycemia. (From Ref. 67.)

to minimize hypoglycemia. This avoids hypoglycemia before the food is ab
sorbed and minimizes the hyperglycemic rebound that insulin omission would
foster. Conversely, when pre-meal hyperglycemia is marked, increasing the time
between giving the insulin and beginning the meal instead of increasing the dose
of insulin (see Table 11) may be helpful. In practice, the lag time for Regular
may be from 1 hour before to a half hour after meals (the latter usually in patients
with gastroparesis) and with lispro or aspart from one half hour before to one
half hour or more after meals.

Bolus Timing Inconsistency

It is imponant to inquire specifically about the tinting and consistency of the
interval between insulin administration and meals. Many patients do not time
their insulin properly or consistently at meals. The recommended lag time for
Regular insulin is 30-45 minutes; however, patients often take it 5-10 minutes
before meals, resulting in hyperglycemia (see Figure 6) due to the lack of correla
tion between the insulin peak effect and the postprandial glucose peak. If the dose
is increased to compensate, late postprandial hypoglycemia may ensue. Timing of
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insulin injections may need to be changed when patients eat out. Because restau
rant meals are often high in fat, which slows food absorption, use of Regular
rather than lispro or aspart may be preferred.

Quick-Acting Insulins and Carbohydrate Counting

The total carbohydrate content of a meal is probably the best guide to the amount
of insulin needed as a bolus to "cover" the meal. Insulin/carbohydrate ratios
can be estimated in most patients based on standard ranges (1: 10-1:20, i.e., 1
unit of bolus insulin for every 10-20 grams of total carbohydrate in the meal)
and then adjusted with a skilled dietitian's advice. However, successful use of
this technique requires skill in the correct counting of the grams of carbohydrate
in a meal, which is initially difficult for some patients to learn. A simple strategy
is to ask patients to perform 5MBG 2 or 4 hours after common meals (if using
lispro/aspart or Regular, respectively) to observe glycemic responses. Where hy
poglycemia or hyperglycemia occurs, the patient can adjust the standard bolus
doses accordingly.

Strategies for carbohydrate counting come to a large degree from insulin
pump therapy. Learning "carb counting" requires motivation and attention to

detail. Several visits with a registered dietitian skilled in dealing with bolus insu
lin adjustments are usually required. The individual range for insulin/carbohy
drate ratios is wide, however; accurate ratio determination involves working
closely with a skilled dietitian or certified diabetes educator. Although relative
consistency is observed in individuals, insulin/carbohydrate ratios can also
change according to circumstances. For example, they may be markedly reduced
after exercise (e.g., 1: 10 ~ 1:20) or may be increased as a result of the dawn
phenomenon. Some patients carry books listing the carbohydrate content of com
mon foods or use electronic tools such as Palm programs to calculate meal carbo
hydrate content.

Postprandial Insulin-Food Absorption Mismatch

Gastroparesis is a challenge to the achievement of stable glycemic control and
avoidance of hypoglycemia. It is important to remember that absorption of liquids
is much less affected than that of solids. Administration of Regular insulin either
with no lag time or after meals may be required to avoid early postprandial hypo
glycemia. Unfortunately, hyperglycemia itself tends to worsen gastroparesis. A
trial of metoclopramide (10 mg p.o. q.i.d.) or erythromycin (250 mg b.i.d.) may
be warranted in some patients with very erratic control and problematic hypogly
cemia to see whether improved gastric emptying can stabilize glycemic control.
Use of thickened liquid diets may be required. Lispro or aspart may raise the risk
of early postprandial hypoglycemia in gastroparesis patients, requiring caution if
they are used when gastroparesis is suspected.
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Ultimately, for some patients with severe hypoglycemia, insulin-pump ther
apy will be the only solution with sufficient power and flexibility to achieve
stable glycemic control. In appropriately motivated patients, willing to monitor
frequently and learn carbohydrate counting and its variations, it will be the best
solution for the avoidance of severe hypoglycemia. Implementation of pump ther
apy requires a team approach and is best done in centers with expertise in pump
therapy.

Combination of Pills and Insulin as Therapy

When combining insulin with oral hypoglycemic pills, it is important to recognize
that different pills result in different hypoglycemia patterns. Sulfonylureas, such
as glyburide, appear to have a high propensity for causing hypoglycemia in the
daytime (65). Metfonnin appears to have a lesser tendency to do so in combina
tion with insulin, but certainly may require downward insulin-dosage adjustment
to avoid hypoglycemia. Thiazolidinediones often cause hypoglycemia if doses
of insulin are not reduced because of the improvement in insulin sensitivity. How-

RESPONSE
(gfucose lowering)

Steep dose
respons

No re nse
o reatment

Overtreatment plateau----- .

Increasing insulin doses

FIGURE 7 Insulin dose-response curve: therapy implications. The dose
response curve is S-shaped, not linear. This means that: 1) undertreatment
produces little therapeutic response (glucose lowering), 2) achieving moder
ate glycemic control improves insulin sensitivity and small changes in dose
show significant glycemic alterations, and 3) the glycemic pattern of patients
overtreated with insulin is similar whether slightly or severely overtreated;
that is, they have both hypoglycemia and hyperglycemia. It is therefore diffi
cult to know how much to reduce the dose to avoid hypoglycemia; several
reductions may be needed. Also, overtreated patients become more insulin
resistant, and this gradually reverses as insulin doses are reduced. With
greater insulin sensitivity returning, hyperglycemia is followed by recurrent
hypoglycemia in some overtreated patients as insulin doses are reduced.
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ever, one study suggests that they may also improve counterregulatory hormone
defenses. Because hypoglycemia may take from 1 to 6 months to become clini
cally manifest given the slow time to maximal effect for these drugs, some pa
tients find the hypoglycemia unexpected. Insulin-dose reductions of 25% or more
may be required. Figure 7 illustrates how the insulin dose-response curve influ
ences the reoccurrence of hypoglycemia despite dose reductions in such situa
tions.

SUMMARY

Hypoglycemia is the biggest obstacle to excellent control of diabetes with insulin.
The physiological defects that create most of the risk-hypoglycemia un
awareness and defective insulin counterregulation-appear in many patients to
be largely reversible simply by avoiding hypoglycemia. Identifying those at in
creased risk is very important since their goals may be adjusted for safety. Full
treatment of hypoglycemia is crucial for the safety of patients. Modem insulin
therapy is tailored toward avoidance of hypoglycemia. It avoids insulin peaks at
times of known susceptibility to hypoglycemia, such as during sleep, and antici
pates needs for therapy rather than simply reacting to high and low blood sugars.
Increasingly, insulin-therapy strategies are recommended that mimic physiologi
cal insulin secretion using a basal-bolus approach. This is accomplished partly
through use of insulin preparations that more accurately mimic the way ~ cells
secrete insulin.
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The Art and Science of Insulin-Pump
Therapy

Alan O. Marcus

University of Southern California Medical School, Los Angeles, and
Saddleback Memorial Medical Center, Laguna Hills, California

INTRODUCTION

The appropriate delivery of insulin for achieving euglycemia has been the goal
of diabetes therapies in cases of both absolute and relative insulin deficiency.
The fact that insulin is the most effective therapeutic choice for lowering blood
sugars to normal or near-normal levels was established almost 80 years ago. All
people with diabetes mellitus need to achieve the well-known goal of glucose
control, set around the world at an HbA ,c of 6.5%. The fact that achieving this
target results in prevention, stabilization, and reversal of complications associated
with diabetes is equally well known as a result of multiple landmark interven
tional studies. These studies all met the most rigorous of scientific criteria and
have set the standards of glucose control to be achieved. The causes of failure
to achieve both euglycemia and improvements in the adverse outcomes of pa
tients with diabetes need to be examined, and these factors require rectification.

Investigators and clinicians currently view insulin pumps as the "gold stan
dard" by which all alternative methods of insulin delivery are gauged. What has
given rise to this opinion that insulin pumps provide the best method of achieving
normal blood sugars is the publication of multiple studies documenting improved
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control, as measured by reduction in HbA!c levels across all population groups,
ages, genders, and socioeconomic backgrounds, in both research and practice
settings (Figure 1). This lowering of glucose levels, the accepted goal of all, is
tempered only by the associated increasing iatrogenic rate of the most severe of
the acute events associated with diabetes: hypoglycemia. In the Diabetes Control
and Complications Trial (DCCT), every 10% reduction of HbA lc was associated
not only with the well-publicized 43% reduced risk of retinopathy progression
but also with an 18% increased risk of severe hypoglycemia associated with coma
and seizure (1). Hypoglycemia truly is 'the "rate-limiting step of diabetes," as
Phil Cryer stated in 1994. Insulin-pump therapy has demonstrated a reduction
not only in blood sugars but also in the number of hypoglycemic events that
occur at the same time that blood sugars improve (Figures 2 and 3).

It is estimated that greater than 127,000 people in the United States utilized
continuous subcutaneous insulin infusion (CSII)-insulin pumps-to deliver in
sulin in 2001. Of diabetes health-care professionals who identify themselves as
having type 1 diabetes and who belong to the professional sections of the Ameri
can Diabetes Association or the American Association of Diabetes Educators,
52% and 60%, respectively, use insulin-pump therapy to treat their diabetes. The
number of current pump users is growing every year, and this growth is expected
to continue. These numbers of professionals using pumps were and still are in
sharp contrast to the only 6% of the population of the United States identified
as having type I diabetes who were on pump therapy at the time of this study,
a figure that is now estimated at 12% (2). The acceptance and validation of this
technology are due to improvements in all parts of the pumps and advances in
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the formulation of insuJins. This has happened at the same time as an explosion
in knowledge of patients' real-time, retrospective, and average glucose levels,
giving impetus to improve the glucocentric environment of the patient.

Improvement in the technology of the pump itself is easily recognized by
the reduction in its size from the impractical but seminal idea of a pump the size
of a backpack (proposed by Arnold Kadish of Los Angeles) to the current pumps
that weigh as little as 3.5 ounces, or less than 100 grams (the MiniMed 508).
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FIGURE 3 Hypoglycemia reduction in children. p < 0.01. (Adapted from
Ref. 47.)
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Despite this remarkable evolution, the goal is the same: to deliver insulin in
a physiological way. The concept of the earliest pumps was to deliver insulin
intravenously, but this was modified in subsequent pumps to subcutaneous insulin
delivery, which made access-and therefore usage-more feasible, but there
were still significant limitations due to their weight and size (400 g and approxi
mately 18 X 7 X 6 cm). These primitive pumps were big and bulky, limited to
one infusion rate (insulin rates were adjusted by dilution of insulin), and required
a large expenditure of not only battery power but the energy of the patient and
the clinicians to maintain its function. The earliest studies on CSII were done
with such pumps, and successes were reported in achieving near euglycemia in
both adults and adolescents (3,4).

It should be noted that these successes were possible only through the intro
duction of technology that allowed for the determination of blood sugars rapidly
and accurately by the patient. Self-monitoring of blood glucose (SMBG) allows
for the evaluation and correction of insulin delivery in tenns of basal rate, bolus,
and correction bolus and adjustments to these that result in improved glucose
due to precise and effective insulin usage.

As described earlier, the pumps themselves have become lighter and
smaller and now have the ability to deliver insulin in varying amounts over vari
ous time blocks of the day, repetitively or according to the type or characteristics
of a given day (e.g., work day, holiday, exercise, travel, premenstrual, or sick).
The bolus delivery of insulin can be programmed to match the requirements or
challenge presented by every type of meal (its composition or duration) and to
accommodate the individual absorptive and gastrointestinal activity of the patient.
The bolus can be initiated by remote control, alleviating the fear that "button
pushing" by younger patients will result in inappropriate insulin delivery.

The software that accompanies the actual delivery mechanism of the pump
allows for added safety features and the accumulation of information on pump
perfonnance and patient usage that can be viewed directly or downloaded. This
offers additional possibilities for improvement of outcomes as a result of a height
ened understanding of what factors resulted in either normal or abnormal glucose
levels. Safety alarms on pumps are now standard and provide the added assurance
that the insulin pump is doing and will continue to do its primary job of delivering
insulin. These features, together with improvements in education and more con
tinuous glucose monitoring, have resulted in a lower incidence of diabetic ketoac
idosis (DKA) than with syringe delivery of insulin (5). Additional improvements
in the catheters, also called infusion sets, that nonsurgically connect the pump
reservoir to the patient and serve as the conduit for the delivery of insulin to the
subcutaneous space have also increased the overall acceptance and viability of
pump usage. Catheters no longer have the compatibility problems with insulin
that in earlier years resulted in catheter binding of insulin and variable delivery;
the catheters can be painlessly and effectively inserted by devices such as the Sof-
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serter, specifically designed for this purpose. Multiple options available among
catheters allow for variations in subcutaneous fat, individual patient preference,
and appropriateness. The ability since 1995 to disconnect from the pump for
swimming, taking saunas, and other pursuits in which a pump is not desired was
made possible by advances in infusion sets, specifically, by incorporating a quick
release feature into their design. Needles-bent or straight-as part of the cathe
ter have been supplemented by catheters of varying dimension and shape to
improve comfort and allow for individual choice of the ideal infusion set. An
additional advance has been the development by pharmaceutical companies of
insulin analogs. These insulins are designed to have specific desired performance
characteristics.

The rapid-acting insulins commercially available and in use (lispro and
aspart) possess the ideal characteristics for success with pump therapy. They real
ize the rapidity of insulin action that was the goal of the original intravenous
pump delivery systems while retaining the advantages of subcutaneous delivery.
Rapidity of action allows for better matching of insulin to meal requirements
temporally as well as limitation of the undesirable' 'tail effect" of injected insulin
that results in increased late postprandial hypoglycemia. These insulins have been
proven to reduce hypoglycemia, improve HbA]c levels, and, after 3 months of
CSII usage, improve hepatic glucose output in response to glucagon (6-9). Reduc
tion in the' 'tail effect" of these insulins has not been associated with an increase
in the occurrence of DKA. The newer technology of the continuous glucose moni
toring system and its usage will provide even more information, pinpointing times
and events requiring more or less insulin delivery (10) to achieve a reduction in
both hyper- and hypoglycemia. Reduction of events, which will result in optimal
glycemic control, is dependent on the individual metabolic characteristics of a
given patient and the pharmacodynamics and route of delivery of the insulin (11).
When one compares the intrapatient variability of different insulins, it is clear
that day-to-day fluctuations in glucose levels are frequently attributable to the
insulin formulation utilized and the variability in its glucose-lowering effect in
the same person on subsequent days even when all other controllable variables
are equal (12). Regular by injection would differ from Regular by CSII in that
intrapatient variability is lowest for Regular insulin administered by CSII, greater
for glargine and NPH (considered equal in this respect), and still greater for Lente
and Ultralente, which has the greatest intrapatient variability whether measured
by time of onset, duration of action, or glucose-lowering efficacy (13). The effec
tive use of insulin is dependent on the reproducibility of its effect.

If we accept the premise that all patients need to be considered candidates
for intensive therapy and that CSII is the most physiological way to administer
insulin and to practice intensive therapy, we need to examine the methods which
result in successful insulin pump usage. Some points apply to all groups, but an
attempt is made to focus on the individual needs of each patient population and
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guide the clinician in a practical manner to achieve a positive outcome. The most
important guidelines for successful pump use in clinical practice begin with giv
ing the patient-and those involved with the patient-a clear understanding of
what a pump is and is not. The pump is a device that enables more precise control
over the amounts of insulin delivered and therefore how much insulin will be
available at the cell receptor over time. It is not a cure for diabetes. Use of an
insulin pump does not in and of itself constitute intensive therapy, which is de
fined by the targets and goals set for the levels of glucose. The pump itself does
not demand more time and effort from the patient or the health-care team; it is
the goal of achieving normal or improved glucose levels that calls for a commit
ment of time and effort from all involved. Pumps are a useful tool for insulin
delivery when the goal is near-normal glycemia or ameliorating hypoglycemic
events, in the treatment of hypoglycemic unawareness. There is no age limit for
pump usage-they have been used in people from 3 days old to over 80 years old.
Pumps do allow for more choices and their success depends on the motivation,
education, and involvement of all involved.

ADULT PATIENTS WITH TYPE 1 DIABETES MELLITUS

The key to success with insulin pump therapy can be found in the words of the
Chinese philosopher Lao Tsu, first spoken in 500 B.C.:

Tell me-I'll forget.
Show me-I may remember.
Involve me-and I will understand.

All patients with type 1 diabetes mellitus have a complete lack of insulin
and therefore require the replacement of both basal (non-food related) insulin
and bolus insulin (food-related or necessary for a correction of elevated blood
glucose). Patients with type I diabetes mellitus who are starting on pump therapy
will therefore already be on a regimen intended to deliver insulin for both of
these general requirements. Type 1 diabetes mellitus patients can generally be
thought to need 40 to 50% of their total daily insulin requirement in the form of
basal insulin. To achieve near-euglycemia, the total daily insulin requirement for
these patients (basal and bolus) under normal conditions, and if they are within
20% of their ideal body weight, is 0.5 to 1.0 U per kilogram of body weight
per day. If stress factors-biological, psychological, or social-are present, the
requirement for insulin is frequently greater. This increase may be temporary
(e.g., related to events such as menstrual periods or activities such as work and
leisure) or permanent (in response to concurrent illness, medications, obesity,
and/or insulin resistance). Insulin requirement is also greater in diabetes patients
whose EMl (body mass index) is greater than 27, as was true in 33% of the
intensive and 19% of the standard treatment groups of the DCCT (14). Any deter-
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mination of bolus or basal rates before glucose measurement and assessment of
insulin-delivery requirements is extremely arbitrary; it should serve only as a
place from which to start and then be further refined to match the needs of an
individual person as those needs are discovered by observation and interpretation.
Commonly, patients going on CSII or pump therapy require 20 to 25% less insu
lin than they did on injections (15-17).

Targets for glucose levels need to be set (Table 1). The most commonly
used targets are those adopted by the American Diabetes Association and utilized
in the DCCT (18): preprandial blood sugars of 70-140 mg/dl, 2-hour postpran
dial blood sugars of less than 180 mg/dl (with the clock starting when chewing
begins), bedtime blood sugars of 100-140 mg/dl, and 3 A.M. blood sugars of
greater than 90 mg/dl. Additional goals of glucose control recently set by the
AACE consensus conference would seem to be appropriate. According to these,
blood sugar levels would be a maximum of 110 mg/dl preprandial and 140 mg/
dl or less 2 hours postprandial (19). These targets are for patients who are not
pregnant and who do not have hypoglycemic unawareness. Those conditions re
quire different targets, which are discussed below.

Starting the pump is an outpatient procedure for the vast majority of pa
tients. A certified pump trainer instructs the patient as to the various features and
settings, which need to be in place before using the pump to deliver insulin. A
method adopted successfully by most centers and offices is as follows. The patient
takes his nighttime insulin the night before beginning to use the pump, and then
begins pump therapy that morning prior to any meals. The initiation occurs in
the office setting with the patient, others involved with the patient's care, and
the physician or health-care provider all being present. The patient inserts the
infusion set and is familiarized with such topics as basal rates and targets (Table

TABLE 1 Target Glucose Ranges (mg/dl;
individually set for each patient)

Source: Adapted from Refs. 1, 18, 19,45,50.

"Average Joe" adult
Preprandial
2 hr postprandial
Bedtime
3 A.M.

Hypoglycemic unawareness
Preprandial

Pregnant
Preprandial
1 hr postprandial
2 hr postprandial

70-110
<140

100-140
>90

100-160

60-90
<130
<120
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TABLE 2 Calculations of Adult Dosage

Marcus

Basal rate
50% of pump total daily dose
Divide total basal by 24 hours to decide on hourly basal
Start with only one basal rate
See how it goes before adding additional basals

Basal rate adjustment overnight
Check BG
Bedtime

12AM.

3 AM.

6 AM.

Adjust overnight basal if readings vary >30 mg/dl

Correction bolus-rule of 1500'
Insulin sensitivity factor
Determines the estimated BG drop per unit of insulin

Estimating an insulin-to-carbohydrate ratio-rule of 500 (500 divided by
TDD)

Example: 500/50 = 10
= 1 unit of insulin per 10 g carbohydrate

a Source: Ref. 21.

2). Written guidelines are provided on these as well as for the administration of
insulin as pre-meal, correction boluses, and basals, with instructions for adapting
these initial calculations as necessary. Follow-up is usually scheduled for the next
day, once again the following week, and then as often as deemed appropriate.

Initially only one basal rate is set for a 24-hour period. This rate is verified
by the patient's checking at 2- or 3-hour intervals for a total of 6 hours, without
food or food boluses being taken during this time. If the blood sugar level does
not change by more than 30 mg/dl from beginning to end, the basal rate is con
firmed as correct. When the glucose level changes in excess of 30 mg/dl, differing
basal rates can be added. The newer and original basal rates are changed to ac
commodate the varying physiological need for insulin during these time periods
(e.g., if at 10:00 A.M. blood sugar is 90 and at 12:00, 2 hours later, it is 140, the
basal rate is increased over this period by 0.1 or 0.2 units per hour). Any change
in insulin should be reconfirmed the following day. The "dawn phenomenon,"
a sudden increase in glucose prior to awakening, requires an increase in the
amount of insulin being pumped or delivered at the time the glucose level is
rising; in such cases, blood sugar readings should be taken at midnight, 3 A.M.,

and 6 A.M. Again, changes in blood sugar by more than 30 mg/dl from the begin-
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ning to the end of any of these periods call for a change in the amount of insulin
infused. The fact that these infusion rates can be changed, and in micro-amounts,
is one of the benefits of pump therapy that are not available to those using syringes
to administer insulin.

The pre-meal to post-meal change in blood sugar level should be approxi
mately SO mg/dl. If the change is greater, an error has been made either in calcu
lating the amount of insulin needed for the meal or in quantification of the meal's
carbohydrate content. Most patients can determine the amount of insulin they
need to take to balance the amount of food they are going to ingest by practicing
carbohydrate counting and assessing how much insulin is necessary to maintain
a normal blood sugar. Use of this technique in the DCCT to determine insulin
requirements for meals resulted in a reduction in HbA ,c of 0.75 (20). The range
for this number is large and can vary with each individual, the time of day, and
the type of carbohydrate eaten, and with what. Most patients learn by trial and
error or-as it is scientifically called-experimentation and observation. An ap
proximate amount of insulin necessary to balance the grams of carbohydrate eaten
can be determined initially by calculating the total daily dosage (TDD) of insulin
and dividing the number 500 by that amount. The result is the number of grams
of carbohydrate that one unit of insulin will be able to balance (e.g., a total daily
insulin dosage of SO units divided into 500 means that every 10 grams of carbohy
drate eaten requires one unit of insulin). This number, as in all calculations for
insulin requirements, is arbitrary, and adjustments are the rule and not the excep
tion. To make successful adjustments, patients need to frequently monitor glucose
levels and other variables and have the skills and training to make changes on
an ongoing basis. This "empowerment" of the patient is an essential component
for success whatever the method of insulin delivery. For patients who cannot
count carbohydrates, remembering the amount of insulin necessary for given
foods and amounts is equally adequate and often very successful.

Corrective action is also needed when blood sugars taken other than at
mealtimes are out of the predetermined target range. When the blood sugar is
too high, the action required is called a correction bolus. The amount of insulin
to be taken can be calculated by using the familiar rule of 1500 (21). This aids
in determining the insulin sensitivity factor or the estimated drop in blood glucose
per unit of insulin. The starting point-the TDD-is divided into 1500 and the
result is how much glucose should empirically be lowered following the adminis
tration of one unit of insulin (e.g., A TDD of SO units of insulin divided into
1500 is 30: in this case, one unit of insulin will lower blood sugar by 30 mg/dl.
If a patient's blood sugar is 220 and his target is 130, he needs to take 3 additional
units to reach that level. The results of some studies using rapid-acting insulin
analogs suggest that this rule of 1500 should be corrected to the rule of 1800 or
even 2000. Only individual assessment will determine which of these will bring
about the correct adjustment for an individual patient.
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The infusion site should be checked at least once a day, and pump manufac
turers recommend that the infusion site be changed every 48 hours. Because
erythema, pain, or irritation at the insertion site may indicate a local anatomical
problem that could interfere with insulin delivery, they signal the need for an
earlier change of the catheter. If this local irritation is a recurrent or chronic
problem attributed to the tape, then a different tape can be used. Rarely, the
patient's skin may be irritated by the catheter itself, in which case the "sandwich
technique" -placing the catheter between two layers of tape, one on the skin
and the other above the catheter to hold it in place-is a suitable remedy. The
catheter or infusion set is always inserted subcutaneously, and is inserted using
aseptic technique after the skin has been cleansed with a solvent such as i.v.
prep. The locations for insertion are wherever the patient feels comfortable; most
patients choose the abdomen, sides, or back, but other locations are viable. Spe
cial circumstances may affect site selection. For example, in the last trimester of
pregnancy, the abdomen, because of its enlargement and stretched skin, is
avoided and the upper arms or other locations are chosen.

Tape is used to hold the infusion set in place to prevent hyperglycemia
and possibly diabetic ketoacidosis as well as accidental removal. Many tapes are
available for this purpose, and most manufacturers will supply a selection of
tapes for first-time pumpers to try before deciding on the one best suited for their
needs. Some patients have a problem with skin stickiness, most often due to
perspiration; specially designed tape such as Skin-Tac or Mastisol liquid adhesive
with Detachol to remove it may be useful.

When blood sugar levels are greater than 250 mg/d!, it must be determined
whether this state represents simple hyperglycemia or hyperglycemia with dia
betic ketoacidosis before a decision can be made on the appropriate therapeutic
course. The simplest way to make this determination is through the use of Ketos
tix, which change color in the presence of ketones in the urine. If no ketones are
present, than the patient can take a correction bolus using the insulin pump and
recheck his blood sugar level after 1 hour. If the blood glucose has not decreased,
then the patient, according to the instructions he should have been given, adminis
ters the correction bolus, via syringe and then attempts to determine why the
pump-administered insulin was ineffective. The problem is found in greatest to
least frequency from "the skin to the pump." The most common mechanical
causes involve the catheter (e.g., removal, kinking, partial obstruction). Less often
the problem is a faulty connection of the catheter to the pump, absence of insulin,
failure of battery supply to the pump, or failure of the pump to deliver insulin
because of pump damage. Nontechnological causes include inflammation at the
insertion site and insulin decay resulting from physical or chemical alteration to
the insulin itself (usually from temperature alterations or incorrect handling).

Prevention of diabetic ketoacidosis is a primary objective of the treatment
of type I diabetes, whether the patient is on pump or syringe therapy. Special
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vigilance is required with patients using CSJI, even though studies demonstrate
that with adequate education and involvement of the patient there is no increased
incidence of DKA with pumps. Because pumps use only short-acting forms of
insulin, if delivery is interrupted there is no safety net of intermediate- or long
lasting insulin to prevent the breakdown of fat and muscle to prevent the conver
sion of these substrates into ketone bodies (22,23). If a patient has nausea or
vomiting or any other symptoms related to DKA, an immediate check of blood
sugars and ketones is warranted. If the patient is unable to drink liquids and
replenish fluids, a physician should be called immediately and the patient must
go to the hospital for administration of intravenous insulin, replacement of lost
fluids and electrolytes, and treatment of the underlying cause of inadequate insu
lin. If ketones are positive but the patient is able to take liquids orally, then
aggressive fluid ingestion is begun and insulin is administered on a schedule
determined by the physician and guided by frequent (hourly) self-monitoring of
blood glucose levels and recurrent evaluation of the degree of ketosis present or
its resolution. Until the ketosis clears, additional insulin is best initiated by sy
ringe injection with a routine change of infusion site and by troubleshooting the
pump, insulin, and delivery system prior to resuming pump therapy. As in all
cases of ketoacidosis, the cause needs to be detennined and corrected to avoid
its recurrence.

The other acute event of insulin therapy is hypoglycemia, and its prevention
or limitation is of utmost importance in the prevention of premature mortality
(24) and the achievement of euglycemia.ln type 1 diabetes patients, the adequacy
of prevention of hypoglycemia is based on detection, which in tum is dependent
on the frequency and regularity of self-monitoring of blood glucoses. Patients
on insulin should monitor blood sugar levels four to six times daily and be famil
iar with the actions necessary to treat an acute event and prevent future episodes.

When hypoglycemia occurs, the most appropriate treatment is to ingest
known quantities of glucose to effect a predictable rise in serum glucose levels.
The DCCT based the guidelines for treatment on the knowledge that 15 g of
glucose will raise blood sugars 15 mg/dl in 15 minutes. If the current level is
40 mg/dl and the target is 100 mg/dl, then 60 g of glucose will achieve that.
Patients often overtreat hypoglycemia by taking copious amounts of glucose, for
example, in the form of candies or juices, resulting in an exaggerated rise in
blood sugars to hyperglycemic ranges.

The occurrence of hypoglycemia is greatest during the overnight or sleep
period, when 60% of hypoglycemic events occur (25). Maintaining bedtime and
3 A.M. glucose levels at at least 100 mg/dl diminishes this event rate. Similarly,
minimum glucose levels of 100 mg/dl are preferable before engaging in activities
such as driving, exercise, drinking, or others that might result in an increased
risk or consequence from hypoglycemia. Blood sugars should be checked at the
beginning of any such activity that can cause wide swings in plasma glucose and
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periodically (every hour or two hours) during the activity, to detect and prevenJ
severe hypoglycemia. The knowledge accumulated from monitoring blood glu
cose levels and their changes should be used as the basis for changing the basal
dose of insulin delivered during similar activities in the future. These rates modi
fied for activities, known as temporary basal rates, may vary in size and duration
according to the level of activity and its time of occurrence. As with all insulin
administration regimens, these are decided on an individual basis and may need
to be adjusted as the patient and health-care team deem appropriate. Before, dur
ing, or after any activity that can lower blood glucose, bolus dosages should be
reduced to prevent hypoglycemia and then glucose should be measured to deter
mine the correct reduction for future boluses at these times.

For patients with hypoglycemic unawareness, targets appropriate for this
condition need to be set. The occurrence of frequent hypoglycemic events (more
than three per month) is known to result in a decrease in the catecholamine re
sponse to hypoglycemia and a decrease in awareness of these events (26).

The frequency of hypoglycemic unawareness is much greater than previ
ously thought. Only now is it being documented and recognized in studies utiliz
ing systems that continuously monitor interstitial blood glucoses and accumulate
these data for later interpretation. Use of this technology prompts adjustment of
basal and bolus rates that consistently address the issue of patient under-bolusing
at meals and over-basaling at other times. Appropriate targets for patients with
hypoglycemic unawareness are 130 mg/dl before meals, bed, and driving, and
at 3 A.M. Prevention of hypoglycemia in these patients results in partial correction
of hypoglycemic awareness and is one of the goals of and reasons for initiating
insulin-pump therapy. Generally the family or other care-givers of the patient
with diabetes should be instructed in the recognition of hypoglycemia and the
appropriate administration of glucose and/or glucagon if necessary. Patients
should wear or carry medical identification bracelets or cards indicating that they
have diabetes so hypoglycemia can be recognized and treated. AJ I patients using
pump therapy can minimize their exposure to unwanted insulin by setting the
auto-off safety alarm so that if they don't actively do something with their pump
to tell it that they are alert it will automatically stop delivering insulin at a patient
determined time and prevent hypoglycemia from being prolonged by continued
delivery of insulin. Lastly, no insulin pump is waterproof. Putting the pump in
water has resulted in hypoglycemia in patients who thought otherwise and unex
pectedly received an overdelivery of insulin.

PEDIATRIC PATIENTS

If the growth in insulin-pump use among adult type 1 diabetes patients has been
extraordinary, it has been explosive among pediatric patients with type 1 diabetes.
In 1997 the number of young people using pump therapy was less than 500, but
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by 1999 that number had grown to more than 5000. The reason for this is the
realization by the general population of pediatric type 1 patients and their physi
cians that insulin-pump therapy offers an alternative with more choices and less
restriction of behavior and activity than with syringes while also achieving an
improved blood sugar environment and an associated lowering of hypoglycemia
event rates (27-32). In the study authored by White et aI., the rate of severe
hypoglycemia in children age 2-16 years in one review was approximately 60
per 100 patient-years whether undergoing usual (two injections per day) or inten
sive-care regimens; CSII lowered this rate to less than 10 both in and outside
the study group. Another study found that the only characteristic predictive of
failure to achieve metabolic control with pumps is the fear of needles. Children
or adolescents may simply want a pump; have busy, changing schedules; seek
more flexibility in activities; or have nocturnal hypoglycemia or many wide
swings in their blood sugars with conventional treatment. It is necessary that the
child being considered be either performing or willing to perfonn three or four
self-monitored blood glucose measurements per day. Obviously either the pa
tient-or his family, in the case of a very young patient-should be interested
in pump therapy and must be reliable. "Reliable" can be defined simply as com
ing in for follow-up visits.

Starting Dosages for Pediatric Patients

Guidelines for initial starting dosages in children are different from those for
adults (Table 3). It is usual to start with the total daily dose for injection therapy
and divide it into two parts-basal and bolus-rather than reducing the total
dosage by 20% as is done in adults. The basal amount is 50% of the total prepump
dosage and is administered as a single rate for the entire 24-hour period. The
other 50% is given in evenly divided amounts constituting the boluses for each
meal. Insulin needs vary as aging and growth occur. In prepubertal children, the
highest basal rate (sometimes as much as twice the nonnal basal) is usually re
quired between 9 P.M. and 12 A.M. The lowest rate in this age group is often
between 3 A.M. and 7 A.M. As a child enters puberty, the most frequent scenario
is for the highest basal rates to be between 3 A.M. and 9 A.M. and between 9 P.M.

and 12 A.M. (33). As with adults, it is simplest and best to begin pump therapy

TABLE 3 Calculations of Starting Pediatric Dosage

TDD based on injection total daily dose for 3 days
averaged per day.
Using average per day delivery via pump, 50% basal,
50% bolus.

Source: Adapted from Ref. 51.
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with a single basal rate and make changes as indicated by information obtained
from 5MBG or continuous glucose monitoring. The basic rule of medicine
"Keep it simple" -is applicable to determining bolus requirements. Meal re
quirements are determined by calculating carbohydrate requirements. The two
methods of doing this are to count either grams or servings of carbohydrates.
The clinician should devise a meal plan with foods that the child will actually
be eating, not an idealized, unrealistic diet program. If neither grams nor servings
of carbohydrates can be quantified, patients and their families can be instructed
to give appropriate boluses for low-, medium-, and high-carbohydrate meals or
foods. The easiest method is to start with a preset amount of carbohydrate at
each meal and then determine the amount of insulin required to balance the meal's
carbohydrate load. The ratio will frequently vary according to the time of day.
If bolus administration is not feasible, an increase in basal rates can minimize
blood glucose elevation after snacks or meals. Both the patient and the family
should have correction doses written down for them, and, depending on the pa
tient's age and type of insulin, it may be necessary to amend the rule of 1500
to match individual needs and insulin sensitivities.

Preventing DKA and Treatment of Hyperglycemia
in Pediatric Patients

Patients and families should always have available an alternative to pump ther
apy. This means that pens and/or needles need to be mastered and used when
necessary. If the patient has any symptoms of DKA, including but not limited
to nausea or abdominal pain, the blood sugar should be checked. If it is above
200 mg/dl and ketones are present in the urine or blood, a correction bolus should
be administered by injection and the infusion site should be changed. The pump
should be scrutinized for problems (low battery, no insulin, etc.), and these need
to be corrected. The blood sugar should be rechecked in ] hour; if it is not lower
or if nausea is present, the health-care team needs to be contacted immediately.
If the blood sugar is greater that 200 mg/dl but no ketones or symptoms of DKA
are present, the correction bolus can be administered by pump. The blood sugar
should be rechecked in an hour. If it is falling, the pump need not be removed.
If the blood sugar is not coming down, the patient needs to take the correction
bolus by injection and the site must be changed.

In the morning, the blood sugar should be checked at least 1 hour prior to
setting off for school. This is enough time so that, as recommended by the Yale
Pediatric Pump Program, if the blood sugar is greater than 250 mg/dl the patient
will be able to change the site before leaving for school. If the blood sugar is
greater than 200 mg/dl while at school, the patient should take a bolus via pump
and recheck the blood sugar an hour later. If the blood sugar is not coming down,
the child should take the appropriate, predetermined correction bolus by pen or
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needle and the site can be changed when the child returns home. One of the most
common causes of hyperglycemia in this age bracket is the omission of food
boluses; this is easily prevented through education.

Hypoglycemia Prevention in Pediatric Patients

The key to prevention of hypoglycemia is frequent measurements of blood sugar,
enabling detection and correction. Often hypoglycemia in children is not associ
ated with classic hypoglycemic symptoms, as documented by studies using con
tinuous glucose measurements (34-36). All these studies highlighted the impor
tance of obtaining 3 A.M. blood sugar measurements intermittently because of
the prolonged asymptomatic occurrences of nocturnal hypoglycemia. If the pa
tient has hypoglycemic unawareness, then a review and adjustment of the targets
for glycemic control may be needed. Hypoglycemia is frequently due to over
bolusing. Some pumps come with software that allows for downloading and ex
amination of the frequency and amount of boluses. This tool is extremely useful
in detecting and correcting errors.

GETTING STARTED

Pump therapy should not be made unnecessarily complicated for the patient or
the family. In most centers, the patient's use of CSII begins after the insulin
pump has been delivered, with a visit to the home by the pump trainer. The trainer
reviews the features of the pump and techniques for insertion and care of the
site. Later, the trainer provides the physician with a checklist of all the activities
taught, understood, and mastered.

On the morning of the first visit to the office or clinic for the purpose of
starting the pump, the patient, family member, or trainer inserts the infusion set.
The decision as to who does the insertion is up to the patient; children should
never be forced to do it themselves. Selection of the site is somewhat age-depen
dent because of the amount of subcutaneous tissue in various anatomical loca
tions. Older children do well with the microinfusion set in the hip area, but many
children under 6 are very slender and as a result do best with a silhouette infusion
set in the buttocks. To minimize discomfort, "toeing in" is recommended, as is
the use of products such as xylocaine spray or EMLA.

The patient has taken insulin the evening before the first session and begins
that morning with insulin in the pump. That initial visit includes education about
the choice of insulin to be given as boluses and when blood sugars should be
checked (before meals and at 3 P.M., bedtime, 12 A.M., and 3 A.M.). Basic instruc
tions are provided on how to suspend the delivery of insulin by the pump, how
to disconnect, and how to avoid problems, and numbers to call for help and
assistance are given. The next day the patient or a family member calls the center
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and reports the blood sugar levels, actions taken, and food eaten; in response to
these, the nurse explains any changes that are needed. Patients are encouraged
to call if they encounter problems or have concerns. On day 3, in another session
at the office or clinic, the patient or caregiver fills the reservoir with insulin,
attaches the tubing, and demonstrates the ability to insert the infusion set. Who
ever is responsible needs to show during this visit how he or she changes basal
rates and suspends the pump. Adjustments in basal rates, correction doses, and
boluses based on redetermining the carbohydrate sensitivity are made during this
session. The need to disconnect for exercise is emphasized, and, as in all sessions,
questions are encouraged and answered. If the pump has the remote feature, it
is taught at either the first visit or this one. For the next 6 weeks, the patient
continues to monitor blood sugars and report levels that are out of range; any
other problems are dealt with over the phone. A routine follow-up visit is sched
uled at 6 weeks poststart to obtain an HbA]c level, to instruct in the advanced
features of the pump, to troubleshoot, and to assess competence and comfort with
the pump and its use.

TYPE 2 DIABETES

It is estimated that 40% of all type 2 diabetes patients are using insulin to control
their blood sugar levels. Pancreatic insulin production decreases, and typically
continues to decline over time. In some of these patients, the dosages required
are in excess of 100 units per day. The greater the dosage given of a long-lasting
insulin, the greater the intrapatient variability, resulting in a wide variation in
blood sugar levels from day to day. The reproducibility of glucose response to
Regular short-acting insulins should make insulin pumps ideal for type 2 diabetes
patients who require insulin. Unfortunately, the very few studies that have exam
ined this hypothesis have been short-term or the results have been anecdotal. In
one recent study, type 2 diabetes patients were effectively treated with insulin
pump therapy and a short-acting insulin analog. In the pump group, a smaller
percentage of patients (5%) experienced hyperglycemia (>350 mg/dl) than in
the multiple-daily-injection (MDI) group (18%) (37). It is reasonable to apply
the same criteria and guidelines to this group when pump therapy is chosen and
to follow the same guidelines for determining insulin dosage rates for delivery
by pump as those used in the adult type 1 diabetes population. A useful tool is
the recognition that for patients requiring very high insulin dosages (>200 units/
day) the use of U500 Regular insulin can result in both improved battery life for
the pump and an increased responsiveness to insulin, as reported by clinicians.
Insurance coverage for intensive therapy in non-Medicare patients using insulin
is frequently available for both pumps and supplies and should be investigated
on an individual basis.
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Pregnancy offers the clinician the unique opportunity to reap immediate rewards
for good glucose control. In a science in which adverse long-tenn events fre
quently take 15 years to occur, nonnoglycemia during pregnancy and preconcep
tion results in healthy pregnancies and reduced complications for both the mother
and the child. The targets for blood glucose are constant during preconception
and pregnancy. Fasting blood sugars should be in the range of 60-90 mg/dl.
This is the same level that should be aimed for in the overnight, 3 A.M., and
preprandial periods. One-hour postprandial blood sugars should be 120-140 mg/
dl (38-40). The challenge of adhering to this is made somewhat easier by the
use of insulin pumps.

In tenns of insulin sensitivity, pregnancy can be divided into four distinct
periods of time detennined by the gestational age and the resulting milieu for
glucose production, uptake, and utilization. This progressive, diminished insulin
sensitivity is caused in large part by the honnones being produced to maintain
the pregnancy as it progresses. Weeks 6-18 require the least insulin, estimated
at 0.7 U/kg current body weight. The requirement from 18 to 26 weeks' gestation
rises, on average, to 0.8 U/kg current body weight and then to 0.9 U/kg for weeks
26-36. In the final stage of pregnancy-week 36 till delivery-the estimated
total insulin daily requirement is 1.0 U/kg (41). As with all dosage guidelines,
individual determinations on a patient-by-patient basis must be done because
requirements can vary widely.

Special considerations during pregnancy include the avoidance of diabetic
ketoacidosis, which can have a fetal death rate as great as 50% (42). Emphasis
is on early detection: frequent monitoring of blood sugars to detect an increase
in these values at the earliest signal of diminished insulin delivery, prompt action
by giving correction bolus by injection for any blood sugar greater than 160 mg/
dl if the glucose does not respond to one given by pump, and conscientiously
checking urine for ketones every morning and whenever the blood sugar is higher
than target. In our practice, use of a combination of long-lasting insulin given
by injection at bedtime together with pump therapy has prevented any events of
nocturnal DKA.

The sites used for the infusion set are different than in the nonpregnant
state only in the last trimester and during the actual delivery. The abdomen is to
be avoided because of the stretching and the increased risk of cellulitis. This also
prevents having to remove the pump during delivery in the event of a caesarian
section. The infusion rate during delivery may need to be reduced dramatically
and can even be put on suspend. Although not specifically approved for use either
in pumps or during pregnancy, the fast-acting insulin analogs are commonly used.

Insulin pumps enable meeting the challenges presented by pregnancy,
which may include dramatic decreases in food intake because of morning sick-
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ness as well as demands for rigid control while limiting hypoglycemia and its
adverse effects. The most important part of intensive therapy during pregnancy
is the frequent monitoring of blood sugars-usually before and after meals, at
bedtime, and periodically during the middle of the night. It is essential to thus
continuously verify the appropriate basal and bolus amounts as the pregnancy
proceeds. There is no contraindication for starting insulin pumps during preg
nancy, and no special risks.

SPECIAL CONSIDERATIONS

Hypoglycemic Unawareness

Even the non intensively controlled group in the DCCT was not spared hypoglyce
mic events. In patients with impaired awareness, the number of events has been
estimated at 160 per year (43,44). This rate is six times that in people with type
I diabetes with unimpaired awareness. Analysis of meter downloads demon
strated that even at HbA)c levels of 8.5%, 12% of all readings were below the
targets set by the DCCT. When euglycemia is attempted, iatrogenic hypoglyce
mia is common, especially compared with that reported by standard blood glucose
measurement. Analysis of continuous glucose monitoring revealed that 87% of
all subjects had hypoglycemic events and 62% had nocturnal hypoglycemia that
was not accompanied by symptoms and therefore would be unrecognized. For an
average of 2.4 hours per day, blood sugar levels were in the the range considered
hypoglycemic; there were 1.8 distinct hypoglycemic episodes per 24 hours, and
each of these episodes lasted an average of 72 minutes. It is known that brain
metabolism is severely impaired at blood glucose levels under 55 mg/dl; this is
linked to the decrease in counterregulatory hormone release. Diabetes of longer
duration typically results in repetitive hypoglycemia and unawareness. In these
patients, careful avoidance of low blood sugars can result in partial restoration
of awareness, indicating that targets for glucose should be set higher with the
goal being to prevent low blood sugars. The recommended preprandial, bedtime,
and overnight targets in this population are 100-160 mg/dl, and postprandial
targets should be approximately 50 mg/dl higher than the preprandial targets
(45).

Renal Disease and Neuropathies Such as Gastroparesis

When there is a decrease in either glucose absorption or its predictability, as in
gastroparesis, judicious raising of blood sugar targets to those that will result in
prevention of hypoglycemia is a justifiable strategy of therapy.

This is also applicable when insulin action and its disappearance from the
blood are affected by renal function. In both of these special clinical states, the
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fact that there is no long-lasting insulin in the patient is a tremendous benefit in
terms of prevention of unexpected hypoglycemia and its adverse results.

Maintenance of long-term euglycemia is achievable in most, if not all, pa
tients with diabetes. Intensive therapy should achieve two goals: the lowering of
blood sugars to levels that have a positive impact on microvascular complications
of diabetes and the avoidance of hypoglycemia and its short- and long-term dam
aging effects. Both of these goals need to be accomplished while allowing the
patient to enjoy a normal lifestyle. These targets are attainable only if insulin is
delivered in a physiological way. This means inclusion of the patient in the deci
sion-making process of determining insulin requirements based on current glu
cose levels and expected insulin need for meals and activity. It is the patient's
knowledge of glucose levels and their response to administered insulin that makes
all this possible. The most physiological mode of delivering insulin is by use of
insulin pumps. Patients must be willing to take part in the glucose testing and
the quantification of insulin needs for the multiple events that make a day eventful
in terms of glucose excursions and insulin requirements. Pumps are a way to
"decriminalize" diabetes and allow people with this disease to once again ac
tively participate in the many aspects of a normal life.
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Noninvasive Insulin-Delivery Systems
Options and Progress to Date

William T. Cefalu
University of Vermont College of Medicine, Burlington, Vermont

INTRODUCTION

Since its discovery, insulin has been the mainstay of treatment for patients with
type 1 diabetes. For patients with type 2 diabetes, we have traditionally relied
on the oral agents, and these pharmaceutical agents have served us well. With the
various drug classes now available, the oral agents address the pathophysiological
abnormalities recognized to be present in the patient with type 2 diabetes. Spe
cifically, oral hypoglycemic agents such as the sulfonylureas depend on insulin
production by ~ cells and can markedly increase meal secretion of insulin. The
biguanides, i.e., metformin, and the more recently introduced thiazolidinediones
improve glycemic control by decreasing hepatic glucose production and sensitiz
ing the peripheral tissues to insulin. Neveltheless, the mode of action for these
two classes of drugs also depends on adequate endogenous insulin production or
on exogenous insulin. In addition, the results of long-term prospective studies
have demonstrated that the natural history of type 2 diabetes suggests a progres
sive disease in which multiple therapies may be required to achieve glycemic
control. In this regard, the combination of drugs from the various classes has
shown additive benefits to improve diabetic control, and combination oral therapy
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may be considered a routine approach in the management of type 2 diabetes.
However, with the progressive nature of the disease, and the failure of combina
tion oral therapy to adequately control the patient, insulin has emerged as a more
viable treatment option much earlier in the disease process in patients with type
2 diabetes.

Type 2 diabetes, as discussed in detail in other chapters of this book, can
be considered a disease in which a "relative" insulin deficiency exists at any
given level of insulin resistance. Essentially, type 2 diabetes presents when the
pancreas fails to compensate for the increased insulin demand and this failure to
adequately compensate results in hyperglycemia. It has been observed that pa
tients with type 2 diabetes will develop progressive insulin deficiency during the
course of their disease. As a result, exogenous insulin may be required to achieve
glycemic control for most patients at some point, either as monotherapy or in
combination. The European Diabetes Policy Group has suggested guidelines for
diabetes care that recommend using insulin in type 2 diabetic patients with HbA Ie

levels >7.5%. It may be because of these suggested guidelines that the use of
insulin in patients with type 2 diabetes appears to be more widely accepted in
Europe than in the United States at this time. The National Institutes of Health
has estimated, however, that in the United States approximately 40% of patients
with type 2 diabetes currently receive exogenous insulin therapy.

The benefits of insulin therapy, although well established for type I, have
also become important in the management of patients with type 2 diabetes when
one considers the benefits of improved glycemic control in both types of diabetes
(for review, see Chapter 1). The Diabetes Control and Complications Trial dem
onstrated conclusively that the risk of microvascular complications (e.g., retinop
athy, nephropathy, neuropathy) can be reduced significantly in patients with type
1 diabetes with tight glycemic control. Evidence for a benefit of improved gly
cemic control in type 2 patients was provided by the United Kingdom Prospective
Diabetes Study. This study confirmed that in patients with type 2 diabetes, im
proved glycemic control significantly reduced the number of microvascular com
plications, as well as offering some indications of a favorable effect on macrovas
cular disease. Thus, when adequate glycemic control is not achieved in the type
2 diabetic patient, as determrned by failure to achieve the target HbA Ie level
with traditional oral therapies, it is appropriate to consider exogenous insulin
administration. In the effort to achieve glycemic control, exogenous insulin ther
apy can be considered the "gold standard" because tlle dose can be titrated to
achieve the desired glycemic target.

It can be argued that the benefits obtained by acrueving good glycemic
control with insulin therapy outweigh any theoretical or unsubstantiated risks.
However, both physicians and patients have concerns about the safety and ad
verse effects (e.g., hypoglycemia, weight gain, increased cardiovascular risk) of
exogenous insulin therapy. These concerns, whether real or perceived, may serve
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as major barriers and contribute to the reasons that intensive insulin therapy has
not gained widespread clinical acceptance. The inconvenience of having to take
multiple daily injections and carry around insulin supplies may contribute to poor
compliance. Further, the time required of both the provider and the patient to
successfully implement the intensive insulin regimen and the resources required
to do so may limit acceptance. There is obviously a psychological component
patients with type 2 diabetes may feel that advancing to insulin therapy is related
to a serious progression of their disease state.

Thus, both practical and psychological hurdles contribute to the resistance
to advance to insulin and, when insulin is administered, may lead to errors in
technique and anxiety, further hindering improvement of metabolic control. Such
real concerns are demonstrated in studies that suggest that between 60 and 80%
of patients may perform some aspect of insulin administration incorrectly, e.g.,
timing of administration or taking correct dose. As physicians, we may not recog
nize the importance of injection-related anxiety in our patients. In 1999, Zamban
ini and colleagues assessed injection-related anxiety in 115 patients with either
type 1 or 2 diabetes. Their findings suggest a cause for concern: 1) 14% of patients
admitted avoiding injections because of anxiety; 2) 42% reported concern at the
prospect of having to inject more frequently, which may be essential to achieve
control; and 3) of the 28% of patients with marked anxiety, 45% had avoided
injections and 70% reported concern at the prospect of having to inject more
frequently. These concerns will adversely influence compliance and greatly inter
fere with the clinical goal of achieving glucose control. What, then, is the optimal
approach? On one hand, we recognize in patients with type 2 diabetes that gly
cemic control is required to reduce the complications; on the other, significant
concerns exist regarding required therapy. Our traditional means of providing
exogenous insulin has therefore been re-evaluated. To understand this re-evalua
tion, a brief review of the development of insulin may help in the understanding
of the current focus on alternative insulin delivery.

HISTORY OF INSULIN DEVELOPMENT

The insulin era began in 1921, when Frederick Banting and Charles Best excited
the medical world by reporting that they had isolated the active ingredient in the
pancreas believed to regulate blood glucose. In collaboration with a biochemist
named Collip, Banting and Best produced an extract of insulin. The real signifi
cance of this work in providing a viable clinical therapy, however, was not real
ized until January 11, 1922. On this date, a 14-year-old boy named Leonard
Thompson was dying of diabetes in the Toronto General Hospital when Banting
and Best provided him with injections of pancreatic extract. The injections low
ered the boy's blood glucose levels and the treatment allowed him to return home
within weeks. The successful treatment of this disease, which had been consid-
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ered essentially untreatable, was one of the major medical breakthroughs of the
20th century. As a result, the Nobel Prize in 1923 went to Banting and department
head John Macleod. Although Best's and Collip's roles were unrecognized by
the Nobel committee, the four researchers shared the award.

Shortly after Banting and Best's breakthrough, insulin became widely
available. Since that initial treatment over 80 years ago, there have been incredi
ble advances in the development of formulations with different onset of action,
duration, and roles in therapy. Advances have also been made in our understand
ing of the pathophysiology of both type 1 and type 2 diabetes, as well as of the
molecular structure of insulin. Subsequently, techniques of recombinant DNA
technology have been developed and synthetic human insulin has become a real
ity. Advances made by manipulating insulin's structure have led to a number of
short- and long-acting analogs that provide tremendous options for patients. In
particular, the short-acting analogs represent an important therapeutic advance.
These analogs, intended for use just prior to ingesting a meal, more closely mimic
the pharmacokinetic and pharmacodynamic properties of endogenous insulin and
overcome the limitations of injected Regular insulin.

However, despite the remarkable advances made in understanding insulin's
structure, activity, and physiological role, a major limitation that exists even today
is that the only available route of insulin administration is still by injection. At
tempts have been made to develop alternative means of delivery, and significant
technological innovations have made self-injection easier. For example, the insu
lin pen devices use smaller-gauge needles, are convenient, offer more accurate
delivery, are less painful to use than conventional needles, and may enhance
compliance. Unfortunately, injection with a pen is still an injection, and self
injection is required several times a day to optimize glucose control. In addition
to the goal of noninvasive insulin delivery to eliminate the injection, broader and
more important aims of alternative insulin delivery should include mimicking the
normal physiological insulin time-concentration profile as closely as possible. As
discussed in Chapter I, a 24-hour normal endogenous profile can be divided into
basal levels of insulin in postabsorptive states and the postprandial rise after meal
ingestion. The physiological insulin profile peaks within 30-60 minutes of eating
and returns to baseline within 2-4 hours. Unfortunately, following a subcutane
ous injection, Regular human insulin has a slow absorption, meaning that patients
may have to inject 30-60 minutes prior to meals and insulin may persist in the
circulation for 4-6 hours. Additional concerns for the intermediate- and long
acting human insulin preparations, e.g., NPH and Ultralente, is that they may
have an undesirable peak profile after subcutaneous injection while still lacking
sufficient duration in action. It is for this reason that the short- and long-acting
analogs of human insulin were developed that offer a more physiological insulin
pharmacokinetic profile than that achieved with previous formulations. Unfortu
nately, despite the ability of the new formulations to closely mimic a normal
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THE SEARCH FOR A PRACTICAL NONINVASIVE INSULlN
DELIVERY SYSTEM

The major goals when considering a practical noninvasive insulin-delivery sys
tem are to: 1) overcome the major limitation associated with conventional insulin
injections and 2) preserve a more physiological insulin profile. Achieving these
goals will allow for more intensive insulin delivery, a regimen clinically proven
to significantly improve glycemia and reduce complications, while enhancing
patient compliance. Such goals are lofty, but they are receiving increased research
attention. Current areas of ongoing research are outlined in Table 1.

Jet Injectors

Jet injectors are devices that administer insulin without needles by delivering a
high-pressure stream of insulin into subcutaneous tissue. Even though needles
are nol used, the discomforl associaled wilh jel injeclors is reporled lo be COIll

parable to that with injections. In subjects with great anxiety about needles,
however, these devices can obviously have a benefit. Unfortunately, these de
vices may negatively impact the pharmacokinetics of long-acting insulin, forc-

TABLE 1 Current Approaches to Penetrating the Skin Barrier

Jet injectors: Devices that administer insulin without needles by delivering
a high-pressure stream of insulin into subcutaneous tissue

lonotophoresis: Process using low-level electrical current to speed the de
livery of drug ions into the skin and surrounding tissues

Low-frequency ultrasound: Process by which ultrasound increases, by
several-fold, the permeability of human skin to macromolecules such as
insulin

Transfersomes: Composites of pharmaceutically accepted ingredients de
signed to deliver drugs across the skin barrier by opening temporary
channels between adjoining cells

Intranasal administration: Delivery of insulin to nasal mucosa for absorp
tion; bioavailability is low

Oral insulin: Via the buccal mucosa in the mouth or mucosa in the gastro
intestinal tract

Pulmonary delivery: Takes advantage of favorable pulmonary anatomy
(e.g., permeability, increased surface area) for absorption of insulin for
rapid systemic effect
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ing more frequent administration. Although they are not widely used, they have
been recommended only for people intolerant of conventional needle injection
systems.

Transdermal Delivery by Iontophoresis

Iontophoresis is a process very similar to that of the passive transdermal medica
tion patches that deliver nicotine for smoking cessation or hormone therapy for
postmenopausal women. Iontophoresis uses low-level electrical current to speed
the delivery of drug ions into the skin and surrounding tissues. It appears to be
an effective and rapid method of delivering medication into the skin. Such a
process has been evaluated for insulin in diabetic rats that had been depilated;
transdermal delivery of bovine insulin using iontophoresis produced a concentra
tion-dependent reduction in plasma glucose levels. However, the method did not
appear to be as effective in rats that had not been depilated, which suggests that
either the depilation was effective in reducing the skin's barrier function or the
creams used with the iontophoretic device acted as a penetration enhancer. Al
though this is an area of great interest, the factors critical to transdermal absorp
tion and delivery of insulin will need to be defined in further studies.

Low-Frequency Ultrasound

The use oflow-frequency ultrasound has also been evaluated as a means of nonin
vasively administering insulin. It has been demonstrated to increase, by several
fold, the permeability of human skin to macromolecules. This technique may
augment delivery of drugs such as interferon-gamma and erythropoietin. HowJ
ever, given that a goal of noninvasive delivery is to mimic physiological insulinl
patterns, this approach provides a rate of delivery of insulin that is too slow to'
be a viable clinical option. I

Transfersomes

Transfersomes-composite phosphatidylcholine-based vesicles-are composites
of pharmaceutically accepted ingredients designed to deliver drugs across the
skin barrier. This technology takes advantage of the natural moisture gradient
across the skin; the mechanism by which it works is believed to be by opening
up temporaty channels between adjoining cells. It thus has the potential to deliver
macromolecules, e.g., insulin, across the skin barrier. Transfersomes have shown
effectiveness in delivering local and systemic steroids, proteins, and other hydro
philic macromolecules. Transfersomes have the property of deformability, which
facilitates their rapid penetration through the intercellular lipids of the skin
they are flexible enough to pass through pores smaller than their own size. Indeed,
transfersomes pass through pores with an efficacy similar to that of water, despite
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being some 1000 times larger. With particular regard to insulin, transfersomes
coupled with insulin allow insulin to cross intact skin cells with a bioeffi
ciency of approximately 50% of the subcutaneous dose. It has been estimated
that, with present technology, a skin surface area of approximately 40 cm2 is
sufficient to cover the basal daily insulin requirements of most patients with type
I diabetes. However, limitations regarding delay in onset, making prandial use
problematic. are of concern. Additional studies will be needed to determine the
clinical utility of this approach.

Intranasal Delivery

The use of intranasal insulin as a viable clinical option has received considerable
attention. The major problem associated with nasal administration of insulin is
poor bioavailability, which is typically observed to be between 8 and 15%. Fac
tors affecting bioavailability include timing of dose and frequency of administra
tion. Nasal formulations have used permeability enhancers to augment bioavail
ability, but these result in nasal irritation in many patients. Nasal insulin, however,
has been shown to have clinical effect. The effectiveness of intranasal insulin in
31 patients was evaluated by Hilsted and colleagues in 1995. They reported that
the insulin dose needed to reach given markers of glycemic control by intranasal
administration was 20 times higher than that given by subcutaneous injection.
Although no difference in the number of hypoglycemic episodes between subcu
taneous and nasal delivery was observed, markers of metabolic control worsened
slightly but significantly during nasal insulin treatment. Nevertheless, nasal insu
lin has been shown to reduce postprandial glycemia. The reduction is especially
marked following repeated dosing. Therefore, intranasal administration of insulin
is promising, and has shown to be effective in lowering glucose. However, further
studies to establish long-term safety, patient acceptance, and effectiveness are
needed.

Oral Insulin

Oral administration of insulin can be viewed as having two specific areas of
uptake: 1) via the buccal mucosa in the mouth and 2) via mucosa in the gastroin
testinal tract. Oral insulin delivery is obviously an attractive concept to both pa
tients and physicians, but this approach has significant hurdles to clear before it
is a clinically feasible option. Large polypeptides such as insulin will have limited
bioavailability due to two factors. First and foremost, the molecules tend to be
too large and hydrophilic to cross the mucosa. Second, such polypeptides undergo
extensive enzymatic and chemical degradation within the enzymatic barrier of
the gastrointestinal-tract mucosa. In an effort to overcome these anatomical and
physiological barriers, several research approaches have been attempted to pro
mote the bioavailability of oral insulin, including: 1) acyl derivatives; attachment
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of caproic acid molecules and coating with chitosan stabilizes degradation and
improves permeability, 2) concurrent administration with protease inhibitors;
experiments in dogs suggest that protease inhibitors may augment the oral bio
availability of insulin, but this has not been tested in humans and the long-term
side effects are unknown, 3) enclosing insulin within microspheres, protecting
against hydrolization or enzymatic degradation by attaching insulin to carrier
molecules, and 4) use of ahsorption enhancers, an approach similar to nasal for
mulation to enhance buccal delivery and that avoids reliance on lower gastrointes
tinal absorption.

Of all the suggested approaches, it appears that only buccal delivery ha
recently advanced to more widespread testing in patients with diabetes, and re
ports suggest clinical benefits.

Pulmonary Delivery

Concept and Science

Many of the limitations outlined above that exist for other routes of noninvasive
insulin delivery appear to be illcely addressed because of the favorable anatomy
of the lung. First, the lung's large surface area is highly permeable, and it is
suggested that peptides such as insulin will cross the alveolar cells in a process
called transcytosis, although this has not been conclusively proven. The process
is believed to occur as follows: 1) the inhaled insulin molecules, once deposited
in the alveoli, are believed to be taken up into vesicles; 2) the insulin particles
are then transported across the epithelial cells and released into the interstitial
fluid between the epithelium and the alveolar capillary endothelium; and 3) the
insulin is then taken up into vesicles, transported across the capillary endothe
lium, and released into the bloodstream (Figure 1). This process results in a rapid
systemic effect as pulmonary inhalation of insulin results in peak levels after 15
20 minutes. A second major advantage for pulmonary delivery is the large surface
area of the lung-the normal human lung may have a surface area of 100 m 2.

This large surface area, combined with the favorable permeability properties,
makes the lung a very attractive route for the administration of insulin.

The feasibility of inhaling insulin is not a new idea; it was first reported
three years after Banting and Best's extraction of insulin. In 1925, Gansslen ob
served a lowering of blood glucose approximately 2 hours after administering
pulmonary insulin in five diabetic patients. Despite Gansslen's finding, this non
invasive approach was not pursued further until Wigley and colleagues revisited
pulmonary insulin delivery over 45 years later. They reported increased levels
of plasma immunoreactive insulin in both normal volunteers and patients with
diabetes after delivering pork-beef insulin using a nebulizer. The observation
that hypoglycemia closely followed the rise of plasma insulin confirmed proof
of concept for the approach.
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FIGURE 1 Pulmonary transport and uptake mechanism. (From Patton, 1998.)

Once the feasibility of pulmonary delivery had been established. the next
step was to design an effective pulmonary delivery system appropriate for patient
use. In this regard. the vast experience gained in the management of asthma has
greatly aided the development of pulmonary delivery systems for insulin. The
asthma drug-delivery devices-e.g., nebulizers, metered-dose inhalers, and dry
powder inhalers-although very useful in the management of local respiratory
diseases such as asthma, are not appropriately designed to deliver drugs deep
into the alveoli for systemic drug delivery. For inhaled insulin to work effectively,
a device would need to allow insulin to reach the alveloli, and to do so in a
very reproducible manner. The pulmonary delivery systems currently in clinical
development have been designed to deliver both dry-powdered and soluble insu
lin to the alveoli (for reviews, see Klonoff, ] 999, and Greener, 2000).

Factors Influencing Pulmonary Insulin Delivery

In addition to the requirement that the device be able to administer insulin to the
deep reaches of the lung, a number of other potential limitations must be over
come for effective pulmonary drug delivery (Table 2). One factor is particle
size-it has been suggested that the lungs very effectively filter particles with
the exception of very small (mean aerodynamic diameter <5 Ilm) panicles. These
observations established that particle size is a main determinant of efficient pul
monary insulin delivery. Studies have established that particles should have low
velocity and an aerodynamic diameter of 1-3 Ilm. Larger particles are observed
to deposit in the bronchial tubes and smaller panicles are exhaled. Thus, the early
attempts to develop pulmonary delivery systems, by not sufficiently controlling
particle size, failed to reliably and sufficiently deliver drug. Only in the recent
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TABLE 2 Factors Affecting Pulmonary Drug Delivery

Type of propellants utilized
Airflow speed
Losses within the device and the environment
Particle size and velocity
Drug clearance and absorption
Drug deposition into the throat and bronchial tubes
Patient compliance
Potential impact of concomitant diseases

past have technological advances in manufacturing, by now having the ability to
control particle size, enabled the development of a range of inhaled formulations
and delivery systems including the dry-powder insulin inhalation systems and
aqueous insulin aerosol. These systems are undergoing extensive clinical evalua
tions, but, as described, the dry-powder formulations may have several advan
tages over conventional liquid formulations, including product and formulation
stability, and high-drug-volume delivery.

Once the aerosolized drug reaches the alveloi, its bioavailability must be
high enough to make the delivery system feasible. This was the apparent problem
with the earlier studies. Despite the successful demonstration of the principle of
insulin inhalation for the treatment of diabetes in 1925, the bioavailability was
low «3%). However, more recent inhalation studies that have compared insulin
administration by inhalation devices with subcutaneous injection for reproduc
ibility of dosing have shown that the variability in glucose response to the two
methods was equivalent. Recent observations suggest that the bioavailability with
aerosol insulin is approximately 20%, supporting the use of pulmonary delivery
as a method of insulin administration.

Although studies have not evaluated pulmonary delivery in pulmonary dis
eases such as emphysema or COPD, it has been suggested that active smoking
greatly influences the pharmacokinetic profile. It appears that smoking, while not
altering the time of peak effect (approximately 15 minutes), can greatly elevate
the concentrations obtained.

Pharmacokinetics of Inhaled Insulin

One of the major advantages of inhaled insulin is that its phannacokinetics appear
to be similar to those of the new insulin analogs and may be closer to a physiologi
cal profile. In support of such observations is the evidence suggesting that the
time-concentration profile of inhaled human insulin in blood is similar to that
of physiological insulin secretion in healthy volunteers. Several studies have eval-

MARCEL DEKJ<ER, INC.

270 Madison Avenue. New York. New York 10016



Noninvasive Insulin-Delivery Systems 255

uated intravenous, subcutaneous (both Regular and fast-acting), and inhaled insu
lin. Heinemann et al. demonstrated in 1997 that the relative effectiveness of in
haled insulin was approximately 10% with regard to intravenous insulin
administration and 8% with regard to subcutaneous insulin administration. In
addition, Heise et al. reported that the onset of action of inhaled insulin appears
to be more rapid than that of subcutaneous insulin. Inhaled insulin demonstrated
a faster onset of action than subcutaneous Regular insulin and even insulin lispro
(early (50%: 32,48, and 40 minutes, respectively). The maximal metabolic action
(based on glucose infusion rates) was comparable with that of Regular insulin
and lower than that of lispro. The duration of action of inhaled insulin (late 150%)

was between that of lispro and Regular insulin (382, 309, and 413 minutes, re
spectively) (Figure 2). In addition to the above, it appears from several other
evaluations that the pharmacokinetic and pharmacodynamic profiles of pulmo
nary delivery of insulin mimic those of the normal physiological response.

Clinical Results with Inhaled Insulin

On a clinical level, however, studies have suggested that inhaled insulin may be
effective in both type I and type 2 subjects who are taking insulin and is effective
in type 2 diabetic patients failing on oral agents. In 1999, Weiss et al. examined
the effect of adding inhaled insulin (using a dry-powder formulation) to oral

500
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agents in a study in 69 patients with poorly controlled type 2 diabetes (HbA Ie 8.1
11.9% despite receiving therapeutic doses of a sulfonylurea and/or metfonnin).
Patients were randomized to either continue with their current oral agent alone
or take the oral agent in combination with inhaled insulin (one or two inhalations
three times daily, i.e., before meals). Inhaled insulin treatment was observed to
significantly improve HbA Ie in subjects receiving inhaled insulin compared with
the level in those receiving an oral agent alone (-2.28 vs. -0.06%, respectively;
p < 0.001). Inhaled insulin therapy was well tolerated, with only one report of
severe hypoglycemia. In addition, pulmonary function tests remained stable over
the 3-month study period.

Two phase 2 studies have been reported on clinical use of the dry-powder
formulation for treatment of type 1 and 2 diabetic subjects who were on insulin
injections. Skyler et a1. recently evaluated 73 patients with type 1 diabetes who
received either their usual insulin regimen of two or three injections daily or pre
meal inhaled insulin plus an injection of Ultralente insulin at bedtime, for 12
weeks. At 12 weeks, there was no significant difference in HbA lc or fasting or
postprandial glucose concentrations between those randomized to inhaled insulin
versus those taking subcutaneous insulin. In a study of 26 patients with type 2
diabetes who were receiving insulin therapy prior to study, patients were adminis
tered one or two inhalations of the dry-powder insulin formulation (between 3
and 18 units, according to the glucose response) before each meal plus bedtime
Ultralente insulin. Insulin doses were adjusted at weekly intervals to achieve the
target preprandial glucose of 100-160 mg/dl. Mean HbA lc levels were observed
to significantly decrease by 0.71 % when compared with the baseline value. The
limitation of both the type 1 and 2 studies of inhaled insulin versus subcutaneous
insulin is that they were of open-label design. Nevertheless, these studies strongly
suggested that inhaled insulin may be a viable option for patients with either type
1 or type 2 diabetes currently on insulin therapy.

An important component of the early inhaled-insulin protocols is that pa
tients appeared to be very satisfied with inhaled-insulin treatment. Patient-satis
faction surveys have confirmed that, after 1 year of treatment, patients receiving
inhaled dry-powder insulin maintained their satisfaction with significantly greater
improvements than those using conventional insulin injections, in global satisfac
tion and convenience/ease of use. Gerber et a1. found that patients who switched
from subcutaneous insulin to inhaled insulin showed a significant improvement
(p < 0.05) in global satisfaction (20% improvement), convenience/ease of use
(28% improvement), and social stigma (16% improvement). In contrast, patients
who switched from inhaled to subcutaneous insulin showed a trend toward wors
ening satisfaction. Thus, adherence to treatment with inhaled insulin may be bet
ter than that observed with injection regimens, although this must await confir
mation by long-term studies.
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It is now unquestioned that glycemic control is required to prevent progression
of diabetic complications. This has been firmly established not only for type I
diabetes but also for type 2 diabetes. Insulin is the only treatment for type 1, and
the natural history of type 2 diabetes suggests that insulin may be required for
it too, given the progressive nature of the disease. Thus, regardless of the type
of diabetes, multiple injection therapy may be required to adequately control
glucose levels. Unfortunately, a number of barriers exist at both the patient and
physician levels that may prevent the advancement to intensive insulin therapy.
In addition to other relevant concerns, one obstacle is that injection remains the
only viable means of administering insulin. However, numerous approaches have
been evaluated to administer insulin noninvasively. Although the research is still
very active in this area, pulmonary delivery, at this date, appears to have the
most potential to become a clinically viable alternative to insulin injections. The
clinical evidence shows that inhaled insulin is effective and well tolerated. It
has a more physiological insulin profile than conventional subcutaneous insulin
making it ideal for preprandial administration. Inhaled insulin, in the early stud
ies, has met with increased patient satisfaction. The additional studies needed to
confirm long-tenn efficacy and long-term pulmonary safety are underway. How
ever, the evidence to date suggests that pulmonary insulin delivery may offer the
potential to improve compliance and thereby help reduce the number of complica
tions associated with diabetes.
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Absorption of insulin and factors that af
fect, 33, 75, 95

Algorithms (see Dosing adjustments)
American Diabetes Association (ADA)

standards of diabetes care, 14
Analogs (see Insulin analogs)
Aspart insulin (see Insulin analogs)
Aspirin use for primary and secondary

prevention of macrovascular com
plications, 19

Basal-bolus intensive insulin therapy
(see Insulin therapy, intensive
basal-bolus)

Bedtime insulin in type 2 diabetes, pro
locul fur, 123

Benefits of insulin therapy, 117-118
BIDS, bedtime insulin, daytime sulfonyl

urea, 118-119
Blood pressure guidelines in diabetes, 17

ACE inhibitors for treatment of, 17
National High Blood Pressure Educa

tion program, 17

Carbohydrate counting, 56-57, 134,
216

Cardiovascular complications in diabe
tes (see Macrovascular complica
tions in diabetes)

Certi lied diabetes educator (CDE), 21
Children with diabetes, 127-138

blood pressure guidelines in, 17
cholesterol guidelines in, 17
diet in, 134
exercise in, 134-135
glargine insulin use in, 132
goals of treatment in, 128, 133
hemoglobin A" goal in, 133
honeymoon effect on insulin require-

ments in, 129-130
hypoglycemia in, 135-136
insulin pump therapy in, 130-131,

234-238
insulin regimens in, 128-131
microalbuminuria screening in, 18
outpatient care in, 135
retinopathy screening in, 18
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[Children with diabetes]
self-blood glucose monitoring in, 133

meter selection in, 37
sick-day rules in, 136-137

Cholesterol guidelines in diabetes, 2, 16-17
Combination insulin and oral hypoglyce

mic pills, 217-218
bedtime insulin in type 2 diabetes,

protocol for, 123
BIDS, bedtime insulin, daytime sul

fonylurea, 118-119
treatment with, 120-l23
weight gain with, 116-ll7

Concerns over insulin use, 116-117
hypoglycemia, 116
cardiovascular disease, I 16
weight gai n, I 16

csn (see Insulin pump)

Dawn phenomenon, 90, 2l3-214
DCCT study (see Diabetes control and

complications trial)
DECODE study, 9
Detemir insulin, 82
Diabetes education, 21-45

factors that affect insulin absorption,
33, 75, 95

injection aids, 33-34
for injection anxiety, 117,247
injection difficulties, 31-33,117
injection technique, 29-30
insulin absorption, 33, 75, 95
insulin pens, 25-28
insulin storage, 28-29
for insulin therapy, 23-24, 95, 117
mixing insulins, 30-31

microprecipitation changing absorp-
tion from, 30, 79

pairlful inj<:ctiun~, 31
rotating sites, 32-33
self-blood glucose monitoring, 34-43

meter accuracy and troubleshoot
ing,42-43

record keeping, 41-42
technique for, 41

sick-day rules, 43-44

Index

[Diabetes education]
survival skills, 22
syringes, 24-25

reuse and disposal, 25
urine ketone testing, 44

Diabetes control and complications trial
(DCCT) in type I diabetes, 2-3,
92-94, 195-196

incidence of hypoglycemia in, 195-196
Diabetes Epidemiology: Collaborative

Analysis of Diagnostic Criteria
in Europe (DECODE), 9

Diabetic ketoacidosis, 173-192
clinical features of, 177-179
diagnosis and initial evaluation of,

l79-182
differential diagnosis versus non

ketotic hyperosmolar syndrome,
183

general management of, 188-190
with insulin pump use, 233
incidence and mOitality of, 174
ketone measurement in, 181-182
pathogenesis of, 175-177
protocol for treatment of, 190-191
treatment of, 183-190

bicarbonate, 187-188
general management, 188-190
hydration, 183-185
insulin, 185-186
phosphorus, 188
potassium, 186-187
protocol for, 190-191

Diabetes Mellitus Insulin Glucose
Infusion in Acute Myocardial
Infarction study (see DIGAMI
study)

Diagnosis of diabetes, impaired glucose
tukranc<: amI impair<:J fa~ting

glucose, 14-15
Diet therapy of diabetes, 47-59

ADA recommendations for, 48-49
carbohydrate counting, 56-57, 216
in children, 134
exchange lists, 56
gastroparesis and, 216
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[Diet therapy of diabetes]
hypoglycemia and treatment of, 57

58,203-205
insulin programs for inpatients receiving:

enteral nutrition, 164-166
meals, 161-163
parenteral nutrition, 166

meal planning strategies, 54-57
nutrition needs in inpatients, 155-156
in pregnancy, 145-146
USDA food pyramid, 55

DIGAMI study, 157, 170
DKA (see Diabetic ketoacidosis)
Dosing adjustments, 107-109,208-210

bedtime insulin in type 2 diabetes,
protocol, 123

in insulin pumps, 230-231
rule of 1500 or 1800, 108-109,209,

230-231
sliding scales and problems with:

in hospitalized patients, 158-160
in outpatients, 107-109,208

Education (see Diabetes education)
Elderly and hypoglycemia risk, 199
Exchange list for meal planning, 56
Exercise and insulin therapy, 95

in children, 134
reducing insulin to avoid hypoglyce

mia, 207

Fasting glucose level, 61-63, 65-68
hepatic glucose production in the con

trol of, 7, 61-62
Foot care, 19
Fructosamine test to assess glycemic

control, 7

Glargine insulin, 80-81
cannot mix with other insulins, 30,

81, 101
intensive insulin program with meal

time short-acting insulin analog,
100-102

not proven for use in pregnancy, 144
use in children, 132

263

Glucose homeostasis (see Physiology of
blood glucose level)

Glucotoxicity and reversal by insulin
therapy, 118

Glycated hemoglobin (see Hemoglobin
A k )

Glycemic control:
assessment of, 6-7

by fructosamine, 7
by hemoglobin A k (HbA k ), 5-6,

15-16, 114
blood glucose guidelines for, 15,92,

229
contribution of fasting and postpran

dial glucose level to, 7-10
insulin pump success in achieving,

224
postprandial glucose levels contribu

tion to, 8-10
rationale and strategies for achieving,

1-11
in pregnancy, 140-142
to prevent macrovascular complica

tions, 6, 113
to prevent microvascular complica

tions,2-6
in type I diabetes, 2-3
in type 2 diabetes, 3-6

relationship to diabetes complications,
I-II

studies showing benefit of:
Diabetes Control and Complica

tions Trial (DCCT) in type 1 dia
bete~ 2-3, 92-9~ 195, 196

Kumamoto Study in type 2 diabe
tes, 3-4

Stockholm Diabetes Intervention
Study in type I diabetes, 3

United Kingdom Prospective Diabe
tes Study (UKPDS) in type 2 dia
betes,4-6

tests to assess, 6-7
Goals of treatment (see Treatment guide

lines)
Guidelines of treatment (see Treatment

guidelines)
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HAAF syndrome (see Hypoglycemia
associated autonomic failure and
Hypoglycemia unawareness)

Hemoglobin Ale (HbA le)
to assess glycemic control, 5-6, 15

16, 114
in children, 133
in pregnancy, 148

contribution of fasting and postpran
dial glucose level to, 7-10

guideline for optimal glycemic con
trol, 5-6, 15-16, 114

lack of use for the diagnosis of diabe
tes, 15

methods to measure, 7
Honeymoon effect on insulin require

ments, 129- 130
Honolulu heart study, 9
Hospitalized patients with diabetes, 153-171

blood glucose monitoring in, 156-157
dosing adjustment of insulin by algo

rithm, 160-161
lack of effectiveness of sliding

scales, 158-160
guidelines for glucose control in,

157-158
insulin infusion, 160-161, 163-164
insulin programs for, 161-169

acute myocardial infarction (01
GAM! protocol), 170

glargine use in, 162
intravenous infusion, 160-161,

163-164
lispro use in, 162
patient who is eating, 161-163
patient receiving enteral nutrition,

164-166
patient receiving parenteral nutri

tion, 166
preoperative patient, 166-169

nutrition needs in, 155-156
preoperati ve diabetes management,

166-169
sliding scales and lack of effective

ness in, 158-160
Humalog (see Insulin analogs, lispro)

Index

Hyperglycemic emergencies (see Dia
betic ketoacidosis and Non
ketotic hyperosmolar syndrome)

Hypertension (see Blood pressure guide
lines in diabetes)

Hypoglycemia and insulin therapy, 57-
58,92-94, 193-222

avoidance strategies of, 214-217, 234
in children with diabetes, 135-136
in combination insulin and oral hypo

glycemic pills, 217-218
counterregulation in type 2 diabetes,

199-200
and dawn phenomenon, 213-214
in elderly, 19
with exercise, 207
factors that impair hypoglycemia de

fenses, 202
and gastroparesis, 216
hypoglycemia unawareness, 92-94

HAAF syndrome, 200-201
insulin pump therapy in, 240
management of, 201, 202-203
reversibility of, 200-202
self-blood glucose monitoring in, 208

incidence of:
in Diabetes Control and Complica

tions Trial (DCCT), 195-196
in type 1 and type 2 diabetes, 116,

193-195,198-200
with insulin pump therapy, 224, 233
lispro versus Regular insulin, 77

78,98-100
in insulin pump therapy, 224, 233

prevention and treatment in adults,
233-234

prevention and treatment in chil
dren, 236-237

neurological uysfunction [Tom, 197-198
nocturnal hypoglycemia, 20 I

with commercial premixed insulin,
212

with insulin pump therapy, 233
with NPH insulin, 212
with Ultralente insulin, 99

risk factors for severe, 195, 199
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[Hypoglycemia and insulin therapy]
risk with intensive insulin therapy, 92-94
role in causing hypoglycemia un-

awareness, 200-202
and sudden death, 198
symptoms of, 196-197
treatment of, 57-58, 203-205

Hypoglycemia-associated autonomic fail
ure (HAAF syndrome), 200-202

Hypoglycemia unawareness, 92-94
factors that impair hypoglycemia de-

fenses,202
insulin pump therapy in, 240
management of, 201, 202-203
reversibility of, 200-202
self-blood glucose monitoring in, 208

Inhaled insulin, 252-256
in children, 132

Inpatient insulin use (see Hospitalized
patients with diabetes)

Insulin analogs, 75, 211-212
aspart, 77-78

in insulin pump, 77-78, 227
detemir,82
glargine, 80-81

cannot be mixed with other insu-
Iins, 30, 81, 10l

in children, 132
in hospitalized patients, 162
intensive insulin program with pre-

meal short-acting insulin analog,
100-102

not proven for use in pregnancy, 144
lispro, 76-78

caution with gastroparesis, 216
in hospitalized patients, 162
in insulin pump, 77-78, 227
less hypuglycemia than Regular in

sulin, 77-78, 98-100
in pregnancy, 142-145

premixed commercial insulin prepara
tions, 80

Insulin injection technique, 29-30
assistance devices, 33-34
difficulties with, 31-33

265

Insulin infusions (see Intravenous insu
lin infusion)

Insulin pens, 25-28
manufacturer phone numbers, 26

Insulin pharmacokinetics, 73-85, 91
intermediate-acting insulins, 78-80
long-acting insulins, 80-81
shon-acting insulins, 76-78
variable day-to-day profiles, 75

Insulin programs, 96-106
bedtime insulin in type 2 diabetes,

protocol for, 123
bedtime NPH and pre-meal Regular,

102-103
daytime NPH, 103-106,212
glargine with pre-meal short-acting an

alog, 100-102
premixed commercial preparations,

79-80,212-213
Ultralente with pre-meal short-acting

analog, 98-100
Insulin pump therapy, 223-244

blood glucose guidelines with, 229
hypoglycemia unawareness, 234

in children, 130-131,234-238
diabetic ketoacidosis and prevention

of, 233
dosing adjustments with, 230-231
effectiveness at achieving glycemic

control with, 224
in gastroparesis, 240-241
and hypoglycemia:

lowered incidence with, 224
prevention and treatment in adults,

233-234
prevention and treatment in chil-

dren, 236-237
in hypoglycemia unawareness, 240
in pregnancy, 143-144,238-240
in renal disease, 240
sandwich technique for skin irritation,

232
troubleshooting high blood glucose

level:
in adults, 232
in children, 236-237
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[Insulin pump therapy]
in type I diabetes, 228-234
in type 2 diabetes, 238
use of insulin analogs lispro and

aspart, 77-78, 227
Insulin secretion and regulation of the

blood glucose level, 63-65, 88
91

and dawn phenomenon, 90
Insulin storage, 28-29
Insulin therapy:

absorption of insulins and factors that
affect, 33, 75, 95

in acute myocardial infarction based
on the DIGAMI study, 157,
170

bedtime insulin in type 2 diabetes,
protocol for, l23

benefits of, l17-ll8
BIDS-bedtime insulin, daytime sulfo

nylurea, 118-119
concerns over insulin use, 116-117

hypoglycemia, 116
cardiovascular disease, 116
weight gain, 116

dawn phenomenon, 90, 213-214
in diabetic ketoacidosis, 183-190
and diet therapy, 47-59

ADA recommendations, 48-49
dosing adjustments in, 107-109,

208-210
insulin pumps, 230-231
rule of 1500 or 1800, 108-109,

209,230-231
sliding scales in hospitalized pa

tients, 158-160
sliding scales in outpatients, 107

109,208
equipment:

injection aids, 33-34
injection technique, 29-30
insulin storage, 28-29
pens, 25-28
pump, 223-244
syringes, 24-25
syringe reuse and disposal, 25

Index

[Insulin therapy]
glucose metabolism in fasted and fed

state for insulin replacement,
65-69

glucotoxicity and reversal by, 118
in hospitalized patients, 153-171

insulin infusion, 160-161, 163-164
preoperative, 166-169
receiving enteral nutrition, 164-166
receiving meals, 161-163
receiving parenteral nutrition, 166

in hyperglycemic emergencies, 173
192

and hypoglycemia, 57-58, 193-222
inhaled insulin, 252-256

in children, 132
injection aid devices, 33-34
injection anxiety, 1l7, 247
injection difficulties, 31-33
injection technique, 29-30
insulin infusion, 160-161, 163-164
insulin storage, 28-29
intensive basal-bolus, 87-112

dosing adjustments in, 107-109
eligibility for, 91-92
goals and risks of, 92-94
how to, 95-102
hypoglycemia with, 92-94
insulin programs, 96-106
normal insulin secretion profile,

63-65,88-91,205-206
self-blood glucose monitoring in, 109
24-hour insulin dose calculation, 96
in type 2 diabetes, 119-120
weight gain with, 94

in labor, 148-149
mixing insulins, 30-31

microprecipitation changing insulin
absorptiun, 30, 79

in nonketotic hyperosmolar syn
drome, 173-192

noninvasive insulin delivery, 245-260
inhaled insulin, 252-256
intranasal insulin delivery, 251
jet injectors, 249-250
oral insulin, 251-252
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[Insulin therapy]
patient education in, 23-24, 95, 117
pens, 25-28

manufacturer phone numbers, 26
pharmacokinetics, 73-85, 91

intennediate-acting insulins, 78-80
long-acting insulins, 80-81
short-acting insulins, 76-78
variable day-to-day profiles, 75

postpartum, 149
in pregnancy, 139-151
premixed commercial insulin prepara

tions, 79-80, 212-213
preoperati ve, 166-169
programs, 96-106

basal insulin strategies, 214
bedtime insulin in type 2 diabetes,

protocol, 123
bedtime NPH and pre-meal Regu-

lar, 102-103
bolus insulin strategies, 214-217
daytime NPH, 103-106,212
glargine with pre-meal short-acting

analog, 100-102
premixed commercial insulin prepa

rations, 79-80, 212-213
Ultralente with pre-meal short-act

ing analog, 98-100
that do not promote macrovascular dis

ease based on results ofUKPDS
in type 2 diabetes, 5, 116

pump, 223-244
rotating sites, 32-33
self-blood glucose monitoring, 34-43
sick day management, 43-44
syringes, 24-25
timing of short-acting insulin to avoid

hypoglycemia, 214-215
24-huur insulin duse calculatiun, 96
in type 1 diabetes, 87-112 (see also

Insulin therapy, Intensive basal-
bolus)

in type 2 diabetes, 113-125
bedtime insulin, protocol for, 123
BIDS, bedtime insulin, daytime sul

fonylurea, 118-119
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[Insulin therapy]
indications for, 114-115
intensified insulin regimens, 119-120
treatment of, 120-123

urine ketone testing, 44
Intranasal insulin delivery, 251
Intravenous insulin infusion, 160-161,

163-164

Jet insulin injectors, 249-250

Ketone measurements, 181-182
Kumamoto Snldy in type 2 diabetes, 3-4

Labor, insulin therapy in, 148-149
Lantus (see Insulin analogs, Glargine)
LADA, latent autoimmune diabetes in

adults, 115, 154-155,
Lente insulin, 78-79

microprecipitation of Regular insulin
when mixed with, 30, 79

Lipid guidelines in diabetes, 16-17
cholesterol guidelines, 2, 16-17

Lipoatrophy, 31-32
Lipohypertrophy, 32-33
Lispro (see Insulin analogs)

Macrosomia, 140 I
Macrovascular complications in diabetes·,

glycemic control for prevention of, 6,
113

insulin infusion in acute myocardial in
farction, DIGAMI study, 157, 170

insulin treatment not cause, based on
results of UKPDS in type 2 dia
betes, 5, 116

prevention of:
ACE inhibitors, MICRO-HOPE

stuuy, 17
aspirin use for primary and second

ary prevention of, 19
cholesterol guidelines, 2, 16-17
glycemic control in UKPDS study,

113
lipid guidelines, 16-17
smoking, 19
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[Macrovascular complications in diabetes]
risk with insulin therapy, 116
studies showing importance of post

prandial glucose in:
DECODE, 9
Honolulu Heart Study, 9

Microalbuminuria screening for nephrop
athy,18

Microvascular complications in dia
betes:

glycemic control for prevention of,
2-6

Mixing insulins, 30-31
microprecipitation changing absorp

tion, 30, 79

National Cholesterol Education Program
(NCEP) guidelines, 2, 17

National High Blood Pressure Education
program guidelines, 17

Natural history and progressive nature
of type 2 diabetes based on
UKPDS study, 114

Noninvasive insulin delivery, 245-260
Nonketotic hyperosmolar syndrome,

173-192
clinical features of, 177-179
diagnosis and initial evaluation of,

182-183
differential diagnosis versus diabetic

ketoacidosis, 183
general management of, 188-190
incidence and mortality of, 174-175
pathogenesis of, 175-177
treatment of, 183-190

general management, 188-190
hydration, 184-185
insulin, 185-186
putassiuIll, 186-187
phosphorus, no indication for, 188

Novolog (see Insulin analogs, Aspart)
NPH insulin, 79-80, 212

bedtime NPH and pre-meal Regular,
102-103

daytime NPH, 103-106,212
Nutrition (see Diet therapy)

Index

Oral agent failures and insulin therapy
in type 2 diabetes, 114-115

Oral insulin, 251-252

Painful injections, 31
Pattern management (see Dosing adjust

ments)
Pens (see Insulin pens)
Physiology of blood glucose level, 61-

7l
dawn phenomenon, 90
and fasting glucose level, 7, 61-63
glucose metabolism in fasted and fed

state for insulin replacement,
65-69

insulin secretion, 63-65, 88-91,
205-206

and postprandial glucose level, 7
in pregnancy, 141
in type 2 diabetes, 7-8

Postpartum insulin requirements, 149
Postprandial glucose level, 68-69

factors that influence, 7
in level of hemoglobin AI" 8-10
role in macrovascular complications, 9

DECODE study, 9
Honolulu Heart Study, 9

role in neonatal macrosomia, 140
Pregnancy and diabetes, 139-151

diet in, 145-146
guidelines for:

glucose control, 146-147
hemoglobin AI" 148
screening for complications, 147

insulin analogs in:
glargine, 144
lispro, 142-145

insulin pump therapy in, 143-144,
238-240

insulin requirements:
during labor, 148-149
during pregnancy, 142-145
postpartum, 149

neonatal care, 149
normal carbohydrate metabolism in,

141
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[Pregnancy and diabetes]
rationale for glycemic control in,

140-142
self-blood glucose monitoring in,

146-147
urine ketone testing in, 44

Premixed commercial insulin prepara
tions, 79-80, 2 J2-213

Preoperative diabetes management,
166-169

Proteinuria (see Microalbuminuria
screening for nephropathy)

Pulmonary insulin (see Inhaled insulin)
Pump (see Insulin pump)

Rationale for intensive glycemic control
(see Glycemic control)

Registered dietician, 49-50
Regular insulin, 76-78

intensive insulin therapy with bedtime
NPH and pre-meal Regular,
102-103

more hypoglycemia than lispro, 77
78,98-100

wait 30-45 minutes before eating,
214-216

Risk of macrovascuJar complications
with insulin therapy, 116

Rule of 1500 or 1800 for dosi ng adjust
ments, 108-109,209,230-231

Screening for diabetes complications:
American Diabetes Association

(ADA) guidelines, 14
blood pressure, 17
foot exams, 19
lipids, 16-17
nephropathy 17-18
retinupathy, 18

Self-blood glucose monitoring (SBMG),
34-43,

in children, 133
education for, 36-37
frequency of, 40

with hypoglycemia unawareness,
208
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[Self-blood glucose monitoring (SBMG»)
guidelines for blood glucose control, 15

in pregnancy, 146-147
inpatient glucose monitoring, J56

157
with intensive insulin therapy, 109

110
meters:

accuracy and troubleshooting, 42
manufacturer phone numbers, 38

39
selection, 37-40
for visually impaired, 37-40

postprandial measurements in hemo-
globin A" level, 9- JO

in pregnancy, 146-147
record keeping, 41-42
technique, 41

Sick-day management:
in adults, 43-44
in children, 136-137

Sliding scales (see Dosing adjustments)
Stockholm diabetes intervention study

in type 1 diabetes, 3
Syringes, 24-25

reuse and disposal, 25

Total glycosylated hemoglobin (see He
moglobin AI<)

Treatment guidelines, 13-20
American Diabetes Association

(ADA) standards, 14
blood glucose, 15, 92, 229
blood pressure, 17
cholesterol, 2, 16-17
foot care, 19
hemoglobin AI< (HbA,e>, 5-6, 15-16,

114
inunuIlizaliuns fur ulfluenza aml pneu-

mococcus, 19
inpatient glycemia goals, 157-158
lipids, 16-17
microalbuminuria screening, 17-18
in pregnancy, 147
retinopathy screening, 18
smoking, 19
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Type I diabetes, 87-112
diabetic ketoacidosis, 173-192
diet therapy in, 51-52
incidence of hypoglycemia, 193-196

in Diabetes Control and Complica
tions Trial (DCCT) 195-196

risk factors for, 195
insulin pump in, 228-234
LADA, latent autoimmune diabetes in

adults, 115, 154-155
Type 2 diabetes, 113-125 (see also

United Kingdom Prospective Dia
betes Study)

bedtime insulin, protocol for, 123
BIDS, bedtime insulin, daytime sul

fonylurea, 118-119
combination insulin and oral hypogly

cemic pills, 1\8-119, 120-123,
217-218

diet therapy in, 52-54
glucotoxicity and reversal by insulin

therapy, 118
incidence of hypoglycemia, 193-194,

198-200
combination insulin and oral hypo

glycemic pills, 217-218
counterregulation in, 199-200
risk factors for, 199

indications for insulin therapy in,
114-115

insulin pump in, 238

Index

[Type 2 diabetes]
intensified insulin regimens in, 119

120
natural history and progressive nature

based on UKPDS study, 114
nonketotic hyperosmolar syndrome,

173-192
treatment of, 120-123
24-hour glucose profiles, 7-8

Ultralente insulin, 80
intensive insulin progam with pre-meal

short-acting analog, 98-100
microprecipitation of Regular insulin

when mixed with, 30, 79
United Kingdom Prospective Diabetes

Study (UKPDS) in type 2 diabe
tes,4-6

glycemic control shown to lower mac
rovascular disease in, 6, 113

insulin therapy does not promote mac
rovascular disease, 5

natural history and progressive nature
of type 2 diabetes from, 114

UKPDS (see United Kingdom Prospec
tive Diabetes Study)

Weight gain
with combination insulin and oral hy

poglycemic pills, 116-117
with intensive insulin therapy, 94
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