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NSULIN BECAME AVAILABLE for the treatment of diabetes

mellitus in the early 1920s. From that time onward, as noted
by Robert Tattersall in his historical review “The Quest for
Normoglycemia,” there has been an ongoing struggle by
diabetologists and their patients to maintain glycemic control
as close to normal as possible.!

For many years, it was uncertain what constituted normal
insulin physiology. Our understanding of that really com-
menced after the development of the insulin radioimmuno-
assay by Yalow and Berson in 1960.> The radioimmunoassay
permitted definition of normal insulin secretory dynamics
and the division of insulin secretion into two phases: basal
insulin secretion and meal-stimulated insulin secretion,®™® as
summarized in two classic reviews.*'°

The 1960s and 1970s saw many advances in our under-
standing of insulin and glucose homeostasis. Several investi-
gators provided the first observations and modeling of insulin
kinetics.!' ™" During the same era, other investigators re-
ported the first studies of the pharmacokinetics of injected
insulin.'*!®> Meanwhile, several classical studies were being
done with continuous intravenous insulin delivery in an
attempt to mimic normal physiology.'*™ Development of
methods for continuous glucose measurement permitted this
to be combined with intravenous insulin infusion to develop
glucose-controlled insulin infusion systems (GCIIS). This
was first attempted by Arnold Kadish in Beverly Hills, CA in
the 1960s.>°* Success in developing GCIIS was achieved
nearly simultaneously in the 1970s by groups in Toronto,
Canada,”?* Ulm, Germany,”* Montpellier, France,*® Syd-
ney, Australia,?*?° and Osaka, ]apan.31’32 The Ulm GCIIS
was commercialized by Miles Laboratories (Elkhart, IN) as
the “Biostator.”

Over the course of many years, in the pursuit of the “quest
for normoglycemia” several groups had devised approaches
to subcutaneous insulin replacement therapy that took into
account the separate components of insulin need: basal in-
sulin secretion and meal-stimulated insulin secretion.”*® In
the late 1970s investigators first began to explore continuous
subcutaneous insulin infusion (CSII) using insulin pumps.
Parsons et al.*” described the first infusion pump for subcu-
taneous delivery of hormones. Pickup et al.*® in the United
Kingdom and Tamborlane et al.* in the United States were
the first groups to use CSII to treat patients with type 1 diabetes.
Concomitantly, groups in Munich, Germany* and Vienna,

Austria*! used portable devices for continuous intravenous
insulin delivery.

The pumps used in those early experiences with CSII pro-
vided a single basal rate of insulin delivery, providing basal
insulinemia, the goal of which was to maintain hepatic glu-
cose output equivalent to peripheral basal glucose utilization.
The pumps were such that the insulin infusion rate could be
altered preprandially to provide meal-related incremental
insulin secretion in the form of an insulin “bolus” or “boost.”
The initial pumps were relatively bulky (up to 400 g in weight,
and as large as 18.3x7.3x6.4cm) and required that batteries
be recharged or changed on a frequent basis and that insulin
be diluted. With time, the pumps became smaller, compatible
with commercial insulin preparations (eliminating the need
for dilution), had long-lived batteries (months to years) in-
corporated, were easier to use, and contained built-in alarms.
The basic design of pumps remained that a syringe-driven
pump uses a subcutaneously placed catheter to deliver insu-
lin, controlled by electronics within the pump. Nonetheless,
pumps have become more sophisticated—the sophistication
permitting programming of multiple basal rates, profiling of
boluses, suspension or temporary rate program of insulin
delivery during exercise, memory display of historical insulin
delivery, and softened catheters that do not require that an
insertion needle be left in place. Indeed, now there are auto-
mated devices that facilitate insertion of catheters. A release
mechanism has been developed so that it is also possible to
disconnect pumps from infusion catheters, useful during such
activities as showering, swimming, shopping (with multiple
changes of clothes), and sexual intimacy. Some pumps have
remote control devices. Others are waterproof or water re-
sistant. More recently, “smart” features have been introduced
into pumps, so that the pump’s computer can calculate re-
commended insulin doses for carbohydrate content of meals
and/or recommended doses for correction of glycemic levels
outside of target ranges.*> A new style of pumps has also
been introduced, so-called “patch pumps,” in which the pump
controller communicates with an infusion component that is
attached to the skin directly rather than being connected by a
catheter.*?

Initially, CSII was greeted with much enthusiasm by dia-
betologists. Pump manufacturers multiplied. There was much
endorsement of the concept. Then problems arose. These in-
cluded reports of (1) increased mortality in CSII pa’cien’cs,44
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a problem later refuted,**® and (2) increased risk of hypo-
glycemia and hypoglycemic coma, accelerated diabetic ke-
toacidosis (DKA) on CSII, and skin infections around the site
of catheter insertion.*” These observations triggered a wave of
investigations that led to solutions that can prevent or mini-
mize these problems. A meta-analysis of 52 studies, con-
ducted in 2003, indicated that CSII therapy is associated with
significant improvements in glycemic control (decreased gly-
cated hemoglobin [Alc] and mean blood glucose), decreased
insulin dose, decreased frequency of hypoglycemic episodes
but potentially still an increased frequency of DKA (when
pumps malfunction or dislodge), and an apparent lesser fre-
quency of pump malfunction and of site infections.*®

Studies have been conducted evaluating the pharmaco-
kinetics of insulin delivery via CSIL***® CSII may offer real
advantages in terms of the pharmacokinetics of insulin
delivery.” For one thing, with CSII there is essentially no
subcutaneous insulin depot.*’! Depots of insulin may be
mobilized by increased blood flow with such things as exer-
cise, sauna or other hot baths, or massage. The price may be
unexpected hypoglycemia. Because CSII obviates the depots
that routinely accumulate with subcutaneous injections, the
risk of unexpected hypoglycemia is lessened. On the other
hand, as implied above, the risk of DKA may be heightened
by lack of a depot. Another pharmacokinetic advantage of
CSII is that it uses only rapid-acting insulin. The absolute
(minutes or hours) variation in day-to-day absorption of in-
sulin is least in the shortest-acting insulins and greatest in
the longest-lasting insulins.'**° Therefore, CSII provides the
greatest day-to-day reproducibility in insulin availability, and
thus the least unexpected fluctuations in glycemic control.

In the late 1970s and early 1980s, with the then recent
availability of CSII, coupled with the availability of self-
monitoring of blood glucose (SMBG) and of Alc to assess
glycemic control, several important developments were fa-
cilitated. One was the development of specific treatment ap-
proaches that combined CSII and SMBG with guidelines for
patient management that facilitated attainment of glycemic
control 3254 Using these or similar approaches, it was possible
to design randomized controlled studies to evaluate the im-
pact of glycemic control on complications of diabetes. Several
small studies were conducted,>® followed by the landmark
Diabetes Control and Complications Trial.*® All of these stud-
ies demonstrated that microvascular complications in type 1
diabetes can be reduced by attainment of meticulous metabolic
control. Although CSII was not necessarily mandated in most
of these studies, it clearly facilitated the attainment of meticu-
lous metabolic control.

One question that exists is whether glycemic control is in-
deed better with CSII than with optimized insulin therapy
using multiple injections. There have been a number of studies
that have attempted to evaluate this, and as a consequence
several meta-analyses have appeared to examine these col-
lectively.®’° In general, these have shown that, compared to
multiple daily injections (MDI), CSII results in better glycemic
control in adults with type 1 diabetes,***'® particularly in
those with higher baseline A1c.%? On the other hand, there is
lack of clear benefit on reduction of non-severe hypoglyce-
mia.?>® In addition, there is no firm evidence of benefit of CSII
versus MDI, particularly with use of insulin analogs, in chil-
dren,” in pregnancy,®®® or in type 2 diabetes.”
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A review of CSII by the United Kingdom’s National In-
stitute for Clinical Excellence (NICE) in 2004 concluded “the
trials to date have focused on easily measurable outcomes
such as glycated hemoglobin. The main benefits may be in
terms of flexibility of lifestyle and quality of life, and data on
those would help with cost-effectiveness analysis. Some of
the implications for patients such as the psychological im-
pact of wearing a device for 24 hours every day have not
been quantified.””! Their assessment then was “there ap-
pears to be no wholly satisfactory economic model for dia-
betes, which would allow improvements in diabetes control
to be converted into a cost per quality-adjusted life-year.””*
A subsequent analysis by NICE in 2010 concluded “based on
the totality of evidence, using observational studies to sup-
plement the limited data from randomized trials against best
MDI, CSII provides some advantages over MDI in type 1
diabetes. For both children and adults, these are: [1] better
control of glucose levels as reflected by Alc level, with the
size of improvement depending on the level before starting
CSII [2] fewer problems with hypoglycemia; and [3] quality
of life gains, such as greater flexibility of lifestyle.””* They
noted, however, that the benefits of CSII come at an extra
cost of about £1,700 (approximately U.S. $2,600) per year. As
with the meta-analyses cited above, they pointed out that
there is no evidence that CSII is better than analog-based
MDI in type 2 diabetes or in pregnancy.’” Given the respect
placed in the NICE review process, this change in assess-
ment is noteworthy.

The most recent excitement about CSII is its use in
conjunction with continuous glucose monitoring (CGM).
The Juvenile Diabetes Research Foundation (JDRF) CGM
Study Group has demonstrated that, when used on a regular
basis, CGM facilitates attainment of improved glycemic con-
trol.” In addition, in patients with type 1 diabetes already in
good glycemic control, the JDRF CGM Study Group showed
that CGM resulted in reduced hypoglycemia without sacrifice
of glycemic control.”* Most of the patients in these studies
used CSII, although the benefits of CGM were also seen in
those who used MDI. As a consequence, there has been much
interest in development of portable GCIIS. Some progress has
been made in this regard in terms of initial pilot studies.””® It
is anticipated that this field is likely to explode over the next
several years.

In 2002, Pickup and Keen”” reviewed the first 25 years of
CSII therapy. Since that time, additional advances have been
made. Thus, there has been much progress made in the “quest
for normoglycemia.”’ This observer believes that reliable
systems of CGM and CSII will evolve further, to the point
where automated achievement of glycemic control fulfills that
quest.
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