Anesthetizing the Diabetic
Child: techniques, pitfalls,
pumps and new insulins

Lynne G. Maxwell, MD




Disclosures

A No financial conflict of interest

A No discussion of off-label use of
medication




Clinical scenarios

A A 6 yo boy with DM presents for
adenoidectomy; he is on Lantus 8 units at
bedtime and Humalog before meals with a
total of about 8 units given through the day.
How do you handle his perioperative care?

A An 17 year old with DM comes for removal of
wisdom teeth. He has an insulin pump and
his blood sugar is 120. How should his
Insulin needs be managed?



Possible choices

A Write orders for insulin and fluid
administration

A Call endocrinology
A Ask parents
A Cancel case




Historical management

A 2/3 the usual NPH dose on am of
surgery

A Check blood glucose preop, intraop,
postop

A Regular insulin administered
subcutaneously

A Insulin dose based on sliding scale
depending on blood glucose



Problem with historical
management

AThese children arenbo

A Parents hope you will maintain tight
control







Background

A Revolution in diabetes management in
past 5-10 years

I Diabetes Control and Complications Trial:
tighter control better (does this apply to
children?)

I New Insulins
I New technology: insulin pumps
A Do these changes in home diabetes

management affect OR management of
diabetic children?
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Objectives

A Epidemiology

APhysiology of insulin action and
deficiency and surgical stress

ANew insulins: pharmacokinetics
Alnsulin pumps




Objectives

A Perioperative insulin management
for

I brief ambulatory surgery

I longer ambulatory and/or
Inpatient surgery

I children with insulin pumps
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Diabetes in children is a
common problem in children




Type 1 Diabetes Mellitus
Epidemiology

AChildren < 18 years old:

1 /500
APeak age at onset: 10-12 yrs
ANo family history in over 50%



Pathogenesis: type 1 DM

Gengtl_c_ Environmental
susceptibility
triggers
\Inflammatory /
response:
autoimmune
attack on g3

cells




High Risk Groups

AFHx diabetes
ATrisomy 21
APancreatectomy

A Cystic fibrosis

A Steroid usage

AALL (l-asparaginase)



Type 2 Diabetes In
Childhood: an increasing
problem







CHOP New Dx T2DM by Year
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Type Il Diabetes

A 1/3 of males and 39% of females born
iIn 2000 will develop type |l diabetes In
their lifetime




Physiologic effects of
Insulin deficiency

A Hormonal response

I Increased glucagon, catecholamines, growth
hormone, cortisol

A Metabolic response
I Increased glycogenolysis, gluconeogenesis
I Increased fat lipolysis Inc FFA, ketones

I Inhibition of glucose utilization at cellular
evel except in brain, heart, red blood cells




Metabolic effects of
surgery/anesthesia

A Metabolic stress response

I Increased cortisol, catecholamines,
glucagon, growth hormone,

T Inhibition of insulin secretion
I Insulin resistance

I Increased protein catabolism,
gluconeogenesis, hyperglycemia

I Increased lipolysis



A In the presence of starvation (NPO),
Increase in glucose may be small, but
lipolysis, protein catabolism, ketone
production, and acidosis may occur

A Starvation + surgical stress can lead to
hyperglycemia and accelerated
development of ketoacidosis
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Principles

A Minimize starvation

A Provide insulin in advance of surgery to
minimize cellular starvation

A Monitor blood glucose and modulate
with insulin/glucose administration

A Minimize stress response
I Good analgesia
I Epidural? No evidence in children
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Adverse effects of
hyperglycemia

A Ketosis/hyperosmotic state/cerebral
edema

A Increased incidence of postoperative
Infection

A Delayed wound healing

A Risk of neurologic injury

I adult data: stroke patients, CPB in diabetic
patients

| pediatric data: CPB



Normal insulin secretion

Glucose homoeostasis

Glucosea (mmaol/L)
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Historical Insulin
Management of DM

A Infrequent doses of long acting insulin
(NPH bid) combined with short acting
iInsulin with meals (regular)

A Blood sugar testing 3-4 times a day




Conventional diabetic

management

Breakfast Lunch Supper Bedtime
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Problems with old regimen

A Poor matching of regular insulin onset
with meals: delay required waiting 30
minutes to eat; difficult for children

A NPH variably absorbed, difficultto
maintain in suspension: variable dose

A Inconsistent insulin levels; glucose
response



Subcutaneous absorption of
older insulins Is unpredictable
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Diabetes management has
changed

ARTi ghtero contr ol
I more frequent blood glucose testing
I more frequent insulin administration
| carbohydrate counting




Diabetes Control and
Complications Trial (DCCT)

A Adults
A Better glycemic control
A More hypoglycemia but not severe

A Decreased development and progression
of microvascular complications

A Recent caveats in older patients with
established cardiovascular disease
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Principles of new Insulin Rx

A Continuous low basal level of insulin
I Long acting insulin
I Continuous subcutaneous infusion (insulin
pump)

A Smaller more frequent doses of very
short acting insulin to allow for flexibility
In food choices and improved metabolic
control (injection or insulin pump)
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Modern Insulin Management

A Mimics physiologic insulin secretion

A Bolus short acting insulin with meals/
snacks/stress

A More frequent injections and glucose
testing




Sources of iInsulin: modern

A Recombinant DNA technology

I duplicate the amino acid sequence of
human insulin

A New ultra-short acting insulins
I Lispro
I Aspart

A New long acting insulin

I Glargine: not in suspension/slow
absorption: very flat and prolonged blood
levels



New Insulins

A Short acting
I Lispro = Humalog
I Aspart = Novolog
A Long acting
I Humulin CZI extended = Ultralente
I Glargine = Lantus
AMicroprecipitate formation in

subcutaneous tissue prolongs
absorption



INSULIN LISPRO

Substitution ,

Substitution




Type 1 Diabetes

Mellitus
Insulin Therapy

Type Onset  Peak (hr) Duration (hr)
Lispro / Novolog 10 m 1 3
Regular 30 m 2-3 6
NPH 1-2 h 5-6 8-12
Lente 1-2 h 5-6 8-12
Ultralente 3-4 h 12 12-24
Lantus 1-2 h - 24



Kinetics of old and new Insulins

Humalog E Regular NPH/Lente Ultralente
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Conventional diabetic

management

Breakfast Lunch Supper Bedtime
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New Insulins provide more
physiologic pattern

A Slow release low basal level insulin
parallels basal pump infusion

I Insulin glargine

A Ultra short acting insulin with
meals/snacks parallels glucose load

I Insulins aspart and lispro



Lantus (glargine): peakless
dbbasal 0 1 ns

WIRKPROFIL BEITYP 1 DIABETIKERN
Lantus im Vergleich mit NPH-Insulin
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Glucose/insulin: standard
management vs lispro
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Glucometer




First iInsulin pump




New pump technology
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Insulin pump use Is growing



