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CC
ontinuous subcutaneous insulin infusion (CSII) should be considered as an
alternative to multiple daily injection (MDI) for those patients who are
unable to achieve the glycemic goals (1).  Insulin pump therapy reproduces

quite accurately the physiological insulin secretion combining a continuous but
variable insulin basal rate with several bolus of insulin before meals or in response
to elevated blood glucose values (2).  Recent meta-analyses have shown that
HbA1c is lower using CSII than MDI (3).  The benefits of CSII are even higher in
patients on MDI with high HbA1c levels (4).  Additionally, severe hypoglycemia
is approximately 4 times less frequent on CSII than on MDI (1).  Therefore, CSII
is still needed as an option for intensive insulin therapy at least for the substantial
percentage of patients who fail to achieve satisfactory control on MDI.
Intensive insulin therapy implicates self-administration of insulin based on fre-
quent home blood glucose monitoring (HBGM).  Patients learn to calculate insulin
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doses according to the carbohydrate
content of the meal, pre-meal glucose
values and anticipated activity after the
meal.  Target glucose values before and
after meals should be set individually.
Because patients have different insulin
sensibilities, an insulin sensitivity fac-
tor (ISF) must be found for each
patient, i.e. the amount of glucose val-
ues in mg/dl covered by 1 unit of
insulin.  At the beginning of CSII ther-
apy, patients are usually instructed to
perform these calculations manually
before starting the meal.  

Recently, a bolus calculator (BC) or
"bolus wizard" has been incorporated in
some of the last pump insulin models.
Alternatively, a hand-held pocket PC
which includes a BC software is also
available to be used with other pumps.
This novel tool allows patients to find
the appropriate insulin doses introduc-
ing the current blood glucose value and
the amount of carbohydrates to be eaten
(as exchange units or grams).  The BC
should be programmed individually in

advance by physicians.  It is possible to
define even several glucose targets or
different carbohydrate insulin ratios
depending on the time of the day.
Compared with standard bolus tech-
niques, BC achieved similar postpran-
dial blood glucose values but with
fewer correction boluses and supple-
mental carbohydrate (5).  Furthermore,
in the latest insulin pumps it is also pos-
sible to define the estimated duration of
insulin action according to the type of
insulin used in the pump (human regu-
lar insulin or insulin analogues) and
other individual aspects (6).  Then,
before a bolus is delivered, the pump
will calculate the remaining insulin
effect from previous bolus or "insulin
active", which is substracted from the
calculated bolus.  The "insulin active"
concept was developed to control the
overlapping effect of frequent bolusing,
which can render many patients at a
later risk of hypoglycemia.

However, many physicians are still
reluctant to recommend a BC despite

the advantages for patients of using it
regularly, at least in our country.  Since
insulin pump models with incorporated
BC were available, we use this function
currently in our pump patients.  The
aim of this study was to assess the level
of satisfaction and impact of this new
technology in a group of patients on
CSII followed in our center.

Patients and methods

This study was a cross-sectional study
performed between May and
September 2006.  Only patients using
pumps models with incorporated BC
(Paradigm® 512/712 and 515/715,
Medtronic Inc., USA) were included in
the study.  Before, they were transferred
to these new pumps, a significant pro-
portion of patients (60.5%) were on
CSII therapy but using earlier models
without this function (Minimed 507C
and 508, Medtronic Inc., USA). 
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Figure 1: Selection of items evaluated in a 5-point Likert scale (rated 1 through 5) 
questionnaire assessing different aspects influenced by a bolus calculator. 
Only five selected and representative questions from an eighteen-item questionnaire are shown.  The figure represents the
percentage of patients who answered each question using a 5-point Likert scale (rated 1 through 5).  See text for more
details.



To assess the level of satisfaction,
impact, social concern, concern about
diabetes and understanding of the BC, a
specific questionnaire was developed.
The questionnaire was delivered to the
patients after they complete a struc-
tured teaching and training pump pro-
gram (STTPP).  The STTPPwas devel-
oped to introduce patients into pump
therapy.  Four different sessions of 20-
30 min, one week apart, were designed
to review the different aspects of inten-
sive insulin therapy with pumps.  At the
end of the first session, individual
parameters for the BC were pro-
grammed allowing patients to use it
from the first day with the pump.  In the
following sessions, changes in BC were
made if necessary.  Although all ses-
sions were performed ambulatory,
patients were allowed to contact by
phone, 24 hours a day. 

Questionnaire:

From the total pump population in our
outpatient clinic, only subjects using a
pump with BC were asked to complete
an eighteen-item questionnaire.  The
questionnaire was designed to explore
the level of satisfaction (3 items),
impact (9 items), social concern (2
items), concern about diabetes (2 items)
and understanding of the "insulin
active" concept (2 items).  A 5-point
Likert scale (rated 1 through 5) was
developed specifically for each block
of questions, when necessary.  The
questions were answered by patients
alone, mainly at home, and then com-
pleted questionnaires were sent by e-
mail.

Statistics:

Data from questionnaires were put in
an excel spreadsheet.  The descriptive
statistical analysis was performed with
SPSS 12.0.  Data were expressed using
mean ± SD or as percentages when
appropriate.

Results

Patient characteristics

Forty-three out of 51 users (84.3%)

used routinely the BC.  Most of them
were women (30 of 51 patients), with a
mean age of 36.8 ± 8.5 years (mean ±
SD) and a body mass index of 24.3 ±
3.6 kg/m2.  They were patients with a
long history of diabetes (18.7 ± 8.9
years), who were on CSII therapy for
2.83 ± 1.89 years.  At the time when
questionnaires were filled, patients
were using BC for mean time of 8.89 ±
5.18 months.  No data on HbA1c was
presented now in this paper, because
the analysis of the impact of the BC on
HbA1c in this population will be pre-
sented in the next EASD meeting,
which will be held in Amsterdam in
September 2007.

Questionnaire:

Regarding satisfaction with the BC,
90% of users were very satisfied or sat-
isfied with this pump utility (figure 1).
This function was found to be very easy
or easy to manage by all patients.
More important, 83% were very
pleased with the degree of blood glu-
cose level control achieved by the BC.  

Relating to the impact of the BC, 69%
of patients used it always before meals
while only 21% employed it almost
always before meals (figure 1).  Ninety-
three percent of patients considered that
using the BC hypoglycemia occurred
rarely or occasionally, being for 85% of
patients blood glucose values almost
always more predictable.  Furthermore,
the majority of patients said that using
the BC they never or almost never had
to restrict their diet (90%), miss work-
ing time (90%) or skip free-time activi-
ties (86%).  Therefore, 90% would rec-
ommend this utility to other insulin
pump users, while 10% would almost
always recommend it. 

In relation to social concerns of dia-
betes, 90 and 93% of patients answered
that this utility may reduce the burden
of the disease at the working place (fig-
ure 1) or in holiday, respectively.
Regarding concerns about the disease,
86% of patients said that the BC
reduced their worries to suffer severe
hypoglycemias (figure 1), although
only 55% were released about chronic
complications using it. 

Asking about BC functioning, the

majority of patients (93%) answered
that the BC was easy or very easy to
understand how it works (figure 1).
Interestingly, at least 76% of patients
felt that the concept of "insulin active"
was easy or very easy to understand. 

Discussion

This small cross-sectional study
showed how appreciated the BC is by
insulin pump patients.  Before BC was
available, patients were instructed to
make calculations of insulin doses by
themselves.  However, these recom-
mendations tend to be relaxed with
time and patients begin to be less accu-
rate in the calculations of insulin bolus.
In contrast, a BC may simplify pre-
meal bolus calculations improving
adherence of patients to the diabetes
plan.  

The need to perform a pre-meal finger-
stick and to estimate the carbohydrate
content of the meal before the BC is
used may have also beneficial effects
on glycemic control.  There is only one
randomized, cross-over study in which
a BC was used by means of a PDAin
comparison with the standard treat-
ment, but only during a 7-day period
(5).  Although there were no differences
in the control of 2-h post-prandial glu-
cose values, patients on BC used fewer
correction boluses and supplemental
carbohydrate as during the control peri-
od (5).  Interestingly, subjects reported
only after 7-day use that the BC was
easy to manage and that they were con-
fident in the bolus doses suggested by
the device (5).  

It is important to underline that patients
in our survey were using the BC about
~ 9 months before the questionnaire
was fulfilled.  In other words, the
answers in the questionnaire were
based on an extended experience of
patients with the BC in every day life.
The reasons why 15.7% of our patients
do not use the BC are diverse: some
patients did not learn carbohydrate
counting in the past and were not able
to use BC appropriately; others think
they can tailor insulin doses much bet-
ter than the BC, etc.  

The results of our study were very con-
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sistent.  Using the BC was taken by
patients with high satisfaction levels.
BC was employed almost always
before meals by patients, who felt that
their blood glucose values were more
stable and predictable with it.
Confidence on BC was expressed by
most patients by less fear to become
hypoglycemic.  Additionally, this utility
will reduce social and disease related
concerns about diabetes, although it
will not eliminate the fears of chronic
complications.  Interestingly, the
majority of them would recommend
this on-board pump function to other
patients.  This is important because
about two thirds of patients were using
previous models of MiniMed pumps,
that do not incorporate this function in
the pump.

The issue on "insulin active" or
"remaining insulin effect" deserves a
commentary apart.  Certainly, the pos-
sibility to define for each patient the
estimated insulin duration has several
advantages.  First, it is possible to trans-
late in the pump function differences in
PK/PD among several insulin prepara-
tions such as human regular insulin or
rapid-acting insulin analogues (6).
Second, it is also possible to deliver
additional bolusing without restrictions
when given after a predefined time.
Third, it is easier to distinguish the
bolus and the basal effects.  Although
this concept of "insulin active" was
developed to avoid over-bolusing and

the associated risk of hypoglycemia, no
study until now has been designed to
test this hypothesis.

This study has some limitations.  This
questionnaire was delivered for patients
attending one center, in which we are
promoting high levels of flexibility
with pump therapy such as "the beach
algorithm" (7) or "pump holidays" dur-
ing the summer time (8).  Patients who
initiated pump therapy in our center
were highly selected and motivated and
were followed always by the same
physician.  These factors among others
can explain why less than 5% of our
patients stopped pumping in the last 8
years of follow-up (data not published).
It is possible that these considerations
may have influenced, in some ways, the
results of the questionnaire in this
enthusiastic and highly motivated
group of pump patients.

In conclusion, for insulin pump
patients, the use of the BC is associated
with a high level of satisfaction,
improved flexibility at meals, reduced
social impact and reduced perception of
the risk of severe hypoglycaemia. This
pump utility, which the majority of
patients find easy to understand, repre-
sents a major advance in CSII therapy.
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II
nhaled insulin is now available for
clinical use in the United States
(US) and some European Union

countries. As with any major change in
therapy, there is a growing debate about
the usefulness and safety of inhaled
insulin (1,2). The recent decision of
Pfizer to discontinue the marketing of
Exubera, confirms the need for a criti-
cal review.

Curr ent and personal 
experience

The Pfizer-Exubera project involved
over 3,600 patients, some followed for
more than 7 years. More than 43,000
lung function tests were performed.
Three other projects are in phase 3: the
AERX Novo Nordisk project, the
Technosphere Mannkind project, and
the AIR Lilly project. Others, such as
the Generex, the Duran, the Kos and the
Elan projects are less advanced.
Personal experience includes 95
patients, some followed for more than 4
years, in 8 studies with the Pfizer
device, 2 with the Novo Nordisk and 2
with the Mannkind inhaler.

Rationale

Rationale for the pulmonary route is
well known: this is the only route that
currently allows to avoid injections
without the addition of absorption pro-
moters (table 1). With promoters e.g.
surfactants, absorption from various
routes e.g. rectum, nose, mouth or con-
junctiva may reach 25 - 40% (3). 
However, without surfactant, they only
reach a small percentage.
Unfortunately, all surfactants have been
poorly tolerated. The lung is the only
route that attains 10% or more bioavail-

ability without  promoters (3).
In addition, alveolae surface is 140
sqm. and wall thickness only 2.2
microns, which facilitates absorption.
The only major problem specific to this
route is the respiratory tract and the
need for particles to have a precise size
of 1-3 microns to be able to reach the
alveolae. Bigger size particles are
stopped at the throat site, smaller size
particles are exhaled without deposi-
tion. The rationale for inhaled insulin in
type 1 patients is the reduction of injec-
tions to basal insulin injection only,
when currently recommended number
of injections are > 4 daily, plus supple-
mental injections if the patient is under
a so - called "flexible insulin therapy"
program. The rationale for type 2
patients is that insulin use remains low
in the US despite an average HbA1c of
7.9% (4). The current proliferation of
oral agents available is contributing to
the problem. Indeed, 28% of patients
would be unwilling to begin insulin if
prescribed, for various reasons includ-

ing fear of injections and hypo-
glycemias (5).

The inhaled insulin projects: physio-
logical and technical 

dif ferences

In the Exubera project, directed by
Pfizer, inhaler delivers 3 microns parti-
cles of human insulin by generating a
"standing cloud" of insulin in the inhal-
ing chamber of the device. Insulin
excipients are well known and include
citrate, mannitol and glycerine. Blisters
contain 1 or 3 mg insulin powder equiv-
alent to 3 and 8 units of injectable
insulin. The patient may need to com-
bine 1 or more of each blister to attain
the desired dose, i.e. several manipula-
tions and breathes. The AERX  project,
directed by Novo Nordisk, uses a more
sophisticated device. Through a LCD
screen, the patient may dial a dose by 1
unit    increment. The screen features a
breath guidance system, time since last
dose, and last doses delivered. Insulin
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Without Without pr omoter

Nasal 2 5 - 40

Rectal 3 40

Buccal 0.7 25

Conjonctival 0.3 - 6.6 40

Pulmonary 8 - 30 100

Table 1:Bio-availability of insulin with alternative routes of administration.  



strips contain 2 - 6 mg of liquid insulin
formulation and can deliver 2 - 10
units. Insulin excipient includes
polysorbate, glycil-glycerine and phe-
nol. The unused insulin is lost since the
strip is for single-use.
The Technosphere project, directed by
Mannkind, uses a small device and dry
insulin powder generated as low-densi-
ty particles. Cartridges contain either
15 or 30 units of insulin, which are
equivalent to 5 and 10 units absorbed,
since bioavailability is 29%. Patients
thus need to combine one or more car-
tridges. The AIR project, directed by E.
Lilly , use the Alkermes inhaler, a small
device that generates large (5 microns)
low density dry particles. Insulin is pro-

vided as 2 and 6 units capsules. Patients
thus need to combine one or more car-
tridges. 
In summary, dry powder and liquid
technologies have specific advantages
and disadvantages: for dry powder/drug
carrier inhalers, advantages include sta-
ble particle size, increased stability and
less sophisticated devices.
Disadvantages are a complex formula-
tion, a possibly higher immunogenicity,
and the drug-carrier own toxicology.
Liquid technology advantages are a
simpler formulation, easier dosing and
possibly lower immunogenicity.
Disadvantages include the need for
sophisticated device, dependence of
particles on humidity and temperature,

and a lower insulin stability. However,
for the patient, the most important dif-
ferences (see table 2) may instead be
the size and weight of device, the units
incrementation, and the type of insulin
storage

Pharmacokinetics and pharmacody-
namics data shows for most inhaled
insulin, a fast response comparable to
fast-acting insulin, but a slower return
to baseline comparable to regular
insulin, even longer if high doses e.g >
1U/kg. Technosphere pharmacokinetics
is very different, with a peak within the
first 30 min. and a return to baseline
within 2 - 3 hours. Intra and inter sub-
ject variability is unfortunately, in all
cases, not better than subcutaneous
insulin (6). 

Efficacy of inhaled insulin

All large phase 3 efficacy studies pub-
lished so far have enrolled non-smokers
or ex-smokers, non asthmatic and non -
COPD patients. They also eliminated
patients with abnormal lung function
tests or X-rays.
Efficacy data on type 2 patients poorly
controlled with oral agents have shown
a clear and expected improvement in
overall glycemic control (7). However,
HbA1c values rarely went lower than
7%, and there is no comparison avail-
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Pfizer Novo Nordisk Mannkind Lilly

Device large heavy small small

Units 
increment

3 1 5 2

Insulin 
storage

ambient fridge fridge ambient

Table 2:Practical differences between devices



able yet vs. bed time insulin. In studies
involving insulin treated type 2 sub-
jects, inhaled insulin did not do better
than SC injections and again HbA1c
rarely attained  values lower than 7%
(8). Notably, all current efficacy studies
were designed as non - inferiority trials. 
Most type 1 large efficacy trials used
NPH as basal insulin and regular
insulin as comparator vs. inhaled
insulin. Again, most studies were
designed as non - inferiority studies and
HbA1c levels achieved were rarely
<7%. Indeed,  inhaled insulin did not
show superiority to SC insulin (9).
Though data on ongoing subgroup tri-
als e.g. asthmatic and pediatric patients
expected with great interest, it seems
that there is no studies planned  current-
ly that would have in type 1 patients

comparators including current analogs
only, and/or CSII, and/or pens, and in
type 2 patients bed-time insulin com-
parisons. Such comparisons, in addition
to more intensive glycemic goals would
indeed be very important for clinicians
to better evaluate the efficacy of this
new route of insulin administration.

Safety of inhaled insulin

Hypoglycemic events frequency and
severity seem no different with inhaled
insulin, again when compared  with
regular + NPH insulin, both in type 1
and type 2 insulin treated patients (9-8).
Intriguingly, Pfizer reported less weight
gain with inhaled than SC insulin in
type 2 subjects observed over 2 years
(8). Average difference at 24 months
was 1.3 kg. This data deserves further

investigations and confirmations.
Cough is a frequent side-effect with all
inhaled insulins, though generally mild.

In the Pfizer studies, 16% and 10% of
type 1 and 2 patients respectively, expe-
rienced minor cough, usually dry and

transient, immediately after inhalation.
However, these numbers gradually tend
to equal numbers found in control sub-
jects after 3-4 months. Cough resulted
in discontinuation of Exubera in only
1.2% of the study patients.

Pfizer also conducted a 24 months
HRCT follow-up in 71 and 73 Exubera
and SC insulin type 2 patients, and
found no significant differences.
Incidence of malignant  neoplasms in
overall Pfizer patients was 3 in Exubera
groups and 1 in control groups, i.e non
significantly different, and comparable
to expected cases for such population.
Lung function tests showed a mild, non
progressive and reversible difference
between both groups for FEV1 and
DLCO. FEV’s decrease which occurred
early within the first several weeks of
treatment, was small in magnitude (40
ml at 2 years, for a baseline of 3 L), did
not progress over the 2 years, and
reversed after 6 weeks discontinuation
of therapy in patients with type 2 dia-

VVol.6 No.4 2007ol.6 No.4 2007 Page 31

 

0

10

20

30

40

50

60

70

80

90

100

0 100 200 300 400 500 600

Time (min)

Pe
rce

nta
ge

 G
luc

os
e I

nfu
sio

n R
ate

Humalog
RegularInhaled

Figure 1:Pharmacodynamics of inhaled insulin vs sc insulins (from
Heinemann).

 

Figure 2:Hypoglycemias with inhaled Exubera vs. regular insulin in type 2 
diabetes.

 

Figure 3:Prevalence of cough with Exubera insulin.



betes (10). 

Changes in DLCO were even smaller
and less significant, given the great
variability of DLCO parameter.
However, those changes deserve longer
and further analyses. Pfizer is currently
conducting a 5 - year long-term safety
studies and shorter studies e.g bronchial
lavage  and excipient testings. The
FDA currently recommends that all
patients should have spirometry
assessed prior to initiation of therapy
with Exubera. Exubera is not recom-
mended in patients with baseline FEV1
or DLCO < 70% predicted. Follow up
spirometry assessment is recommended
at 6 months after initiation, and annual-
ly thereafter, and even more frequently
in cases of pulmonary symptoms or fur-
ther declines in pulmonary functions. 

Conclusion

Obviously, the long term lung tolerance
remains a concern together with the
lack of good comparators for better
assessment of efficacy. Finally, the cost
may end up being  the most important
limiting factor since inhaled insulin
was not covered by all insurances, and
represented an average monthly cost of
150 US Dollars for the equivalent of
one 10cc insulin vial, which can repre-
sent several hundreds of dollars per
month for most type 2 US patients.
Therefore, as E. Gale entitled his edito-

rial in Lancet some years ago: two
cheers only for inhaled insulin (11).
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