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P rogressive hyperglycemia in type 2
diabetes results from a progressive
b-cell failure together with a state of

insulin resistance (1). Insulin deficiency
worsens with the natural progression of
type 2 diabetes, explaining the escape
from oral antihyperglycemic agents and
the need for exogenous insulin therapy
(2).

The use of external pumps in patients
with type 2 diabetes is a recent practice
compared with that in type 1 diabetes, and
its use is still debated. In only a few
countries, such as in France and Israel,
continuous subcutaneous insulin infusion
(CSII) using an external pump is an
alternative in type 2 diabetes that the
health authorities have allowed for reim-
bursement. The rationale for using pump
therapy was first suggested by its use in
case reports of type 2 diabetes with extreme
insulin resistance and poor glycemic con-
trol (3–6). In such patients, insulin was ad-
ministered transiently by intravenous
insulin infusion allowing lower mean glu-
cose level despite a 40% reduction of in-
sulin requirements. The sequential use of
4-week intravenous insulin infusion fol-
lowed by 1-year CSII in a group of pa-
tients with type 2 diabetes patients
poorly controlled despite very high insu-
lin requirements allowed a dramatic re-
duction of HbA1c (23%,29 mmol/mol),
while insulin requirements were reduced
by one-third. Such beneficial effects of
CSII were attributed to increased insulin

sensitivity assessedby thehyperinsulinemic-
euglycemic clamp study (7). These obser-
vations raised the question as to whether
insulin continuous administration by a
pump device gives an advantage com-
pared with the conventional approach of
insulin intensification by multiple daily
injections (MDIs). The evidence base is
still under debate and will be discussed
in this review.

Is CSII effective for the
intensification of insulin therapy
in type 2 diabetes?
Very few randomized controlled studies
have looked at the comparative effective-
ness of CSII versus MDI (8–11) (Table 1).
Two parallel-group studies performed
over 6 and 12 months, respectively, in-
cluded moderately obese type 2 diabetic
patients with a mean age range of 55–66
years. Their baseline HbA1c values were
moderately high (8%, 64 mmol/mol,
and 8.4%, 68 mmol/mol) despite an
insulin therapy with at least one daily
injection with or without oral antihyper-
glycemic agents (8,9). Treatment intensi-
fication strategies in these studies
compared CSII with a basal/bolus (NPH
or a long-acting analog, respectively,
plus a rapid-acting analog) and resulted in
HbA1c lowering of the same magnitude
with both MDI and CSII treatments, al-
though the magnitude of HbA1c lowering
in both armswasmuch greater in one study
(approximately by20.5 vs.21.6%) (8,9).

In contrast to these results, two ran-
domized crossover studies with small
numbers of subjects have shown an ad-
vantage of CSII in comparison with MDI.
In these studies, obese type 2 diabetic
patients were successively treated by CSII
and MDI for periods of 12 and 18 weeks,
respectively (10,11). In these studies, in-
tensification was offered in patients failing
to respond to two or more insulin injec-
tions per day (NPH or premixed NPH
plus rapid-acting analog). Interestingly,
these subjects exhibited a baseline
HbA1c .9% (75 mmol/mol) despite high
insulin requirements ($1 units/kg/day).
For insulin intensification, a rapid-acting
analog was used in CSII in both studies,
and NPH plus a rapid-acting analog (10)
or regular human insulin (11) was used in
MDI basal bolus regimens. In these two
studies, CSII was more effective than
MDI for lowering HbA1c (21.2 vs.
– 0.45%, P , 0.03, and 20.8 vs. 0.4%,
P , 0.01, respectively). Continuous glu-
cose monitoring was performed in both
studies, showing a significant reduction
of glucose area under curve with CSII in
comparison with MDI (10,11). What may
explain such discrepancy observed be-
tween the crossover studies compared
with the parallel-group studies? Given
the heterogeneity of the type 2 diabetic
population, it can be difficult to ascertain
the potential confounding variables for
each study. Nevertheless, there were sev-
eral differences seen in the selection crite-
ria: b-cell failure and insulin resistance
were likely more severe in the crossover
studies as evidenced by the higher baseline
HbA1c level, the higher baseline insulin re-
quirement, and the higher number of in-
sulin injections in comparison with the
parallel-group studies. The uses of NPH
in three of these four studies (8,10,11)
and regular insulin in one of the crossover
studies (11) instead of the rapid- and long-
acting analogs are also limiting factors for
establishing a comparison between the
MDI versus CSII regimens.

The conclusions that can be drawn
from the available randomized controlled
studies are limited by their paucity and
the small size of the sample population
studied. A prospective trial involving the
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author’s centers was designed to compare
CSII to MDI in a large cohort of 400 sub-
jects with severe insulin resistance and
poor glycemic control. This ongoing
study will have sufficient power for pro-
viding definitive conclusions on the ac-
tual benefit of CSII over MDI for treating
hyperglycemia in type 2 diabetes (12).

Although there are limited data on
randomized control studies, there are
larger longitudinal studies that have
shown a durable efficacy of CSII on
glucose control (Table 2). A French single-
center longitudinal retrospective study in
102 poorly controlled type 2 diabetic pa-
tients (baseline HbA1c 9.3%, 78mmol/mol)
demonstrated for the first time a 21.5%
HbA1c drop (P , 0.001) after the switch
from an MDI regimen to CSII and no
change in the total insulin daily dose.
Pump had better efficacy compared
with a thrice premix regimen but also
with a rapid and a long-acting basal insu-
lin analog regimen. Such efficacy was
maintained during 5-year follow-up (P ,
0.01), suggesting the durability of CSII ef-
ficacy for glucose control. Interestingly,
the subgroup of patients with a baseline
HbA1c,8% (64mmol/mol) did not expe-
rience significant improvement of glucose
control under CSII (13). Another French
single-center study included 51 obese
type 2 diabetic patients with poor glucose
control (HbA1c 9.4%, 79 mmol/mol) de-
spite am oral antihyperglycemic agents
plus insulin combined regimen. On CSII
and after a twofold progressive increase in
total insulin daily dose, HbA1c dropped
by 21.7% (P , 0.001), and such benefit
was maintained after a 12-year period of
follow-up (P, 0.001), also suggesting the
durability of CSII efficacy in the treatment
of type 2 diabetes (14). A third observa-
tional study from 31 French hospitals re-
ported results after a 2-year follow up of
100 obese type 2 diabetic patients previ-
ously treated by an intensified MDI regi-
men. CSII was offered when HbA1c was
.8% (64 mmol/mol), resulting in a
21.2% drop at 1 year (P, 0.001), which
was sustained after a 2-year follow-up (P,
0.001) while insulin doses were decreased
by 25% from baseline (15). Two other
studies of shorter duration (4–6 months)
and smaller cohorts of subjects (58 and 46
patients, respectively) found with CSII an
improvement in glucose control in pa-
tients previously treated with various
treatment regimens (oral antihyperglyce-
mic agent combination, basal insulin ana-
log plus oral antihyperglycemic agents, or
MDI) (16) including a combination ofT
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rapid and basal insulin analogs (17). In
these studies, baseline HbA1c of ~8% (64
mmol/mol) dropped by 21.2% (P ,
0.001) and by20.5% (P, 0.01), respec-
tively (16,17). These studies provide real-
life data and, although they lack a control
arm, suggest the possibility of pump ther-
apy having durability in sustaining glyce-
mic control. Another issue is the ability of
CSII to improve glucose variability with
CSII, which was not demonstrated in a
randomized controlled study including
107 patients randomized to CSII versus
MDI (18).

In type 2 diabetic patients with sub-
optimal glycemic control despite very
high insulin requirements, the use of the
concentrated insulin preparation U-500
(500 IU/mL) may be offered. Its use in a
CSII regimen was evaluated in a retro-
spective study and allowed a significant
reduction of HbA1c (21%, P = 0.003) af-
ter 3 months without change in body
weight or in total daily insulin dose and
with a low rate of severe hypoglycemia
(0.1 episodes/patient/year). Such meta-
bolic benefit was maintained for .66
months of use (19). The same authors
observed similar benefits in a prospective
study with the use of U-500 delivered by
an Omnipod pump to 21 type 2 diabetic
patients who improved both HbA1c

(21.23%, P , 0.01) and the percentage
of time spent in the normoglycemic target
range (+70%) (20). A recent meta-analysis
confirmed such results and reported an in-
crease in patient satisfaction and in cost
savings (21).

Is CSII beneficial or detrimental for
weight maintenance in type 2 diabetic
subjects?
Most prospective and observational stud-
ies evaluating CSII in type 2 diabetic
patients were short-term studies, with
#6 months’ duration (8,10,11,16,17) or
1 year’s duration (7,9). In the studies with
#6 months’ duration, no weight change
(10,11,17) or a 1.7–1.9 kg weight gain
was observed (8,16). In 1-year duration
studies, a weight gain of;2 kg (P, 0.01)
was observed in one (9), while no change
occurred in the second (7). In the four
randomized studies comparing CSII
with MDI, no significant difference in
weight change was observed between
the two treatments (8–11). Three French
retrospective studies gave data of weight
variations for $2 years: one single center
study showed a 4–6 kg weight gain after 6
year follow-up (P , 0.001), with a wide
range in individual weight change (13).
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The multicenter French study showed a
nonsignificant weight gain (1.6 kg, P =
0.69) after 2 years possibly related to the
25% decrease in insulin total daily dose
after switching from MDI to CSII (15). In
contrast, in one long-term study per-
formed in 51 patients using CSII for at
least 7 years, the mean weight gain of 10
kg (P, 0.001) can probably be explained
by the twofold increase in the amount of
insulin compared with the pre-CSII total
daily dose (14). Intensification of insulin
therapy by pump is usually accompanied
by a moderate weight gain, which seems
to correlate with the amount of insulin
administered, and pump therapy proba-
bly does not provide any additional risk
per se in comparison with MDI.

Does the switch from MDI to pump
require a modification of the total
amount of insulin administered to
the type 2 diabetic patient?
Of 10 studies reporting total insulin re-
quirement at the end of treatment, 7
reported no significant change in in-
sulin doses in comparison with the
period preceding CSII initiation (8–
11,13,16,17), while two reported that
insulin dosage was lowered on CSII in com-
parison with MDI treatment (7,15), and
one had a twofold increase of insulin daily
dose (14). However, in the latter study
baseline insulin doses were much lower
(0.42 units/kg/day) than in the other stud-
ies. A 1:1 dose switch from MDI to CSII is
generally recommended and should not
be associated with an increased risk of hy-
poglycemia in most cases. Because the ac-
tual insulin dose injected by the patient
may be unknown and insulin dose actu-
ally absorbed may be uncertain, a careful
blood glucose monitoring and insulin
dose titration would be appropriate dur-
ing the period of pump initiation.

What is the level of satisfaction and
quality of life in type 2 diabetic
patients on CSII?
In two randomized parallel-group stud-
ies, treatment satisfaction, diabetes im-
pact, and diabetes satisfaction scores
improved over time with both CSII and
MDI treatments (8,9). The satisfaction
score did not differ between MDI and
pump in the older population (9), while
the CSII group had greater improvement
in overall treatment satisfaction com-
pared with MDI in the younger popula-
tion (8). The 36-Item Short Form Health
Survey (SF-36) physical and mental com-
posite score did not change significantly

within and between groups in the older
population (9). When CSII andMDI were
compared in a crossover fashion, the sat-
isfaction subscores were comparable be-
tween CSII and MDI (10). A multicenter
observational study found after 1 year
that health status evaluated in 61 patients
on CSII was maintained in 75% and im-
proved in 20% of the patients (15). An-
other 3-year study found an improvement
of quality of life stated by the Diabetes
Quality of Life (DQOL) and SF-36 ques-
tionnaires (22).

Are hypoglycemia and other adverse
events limitations in CSII use?
Hypoglycemia is a major outcome for
evaluating the risk-to-benefit ratio of any
antihyperglycemic treatment, and most
studies have found a very low incidence
of severe hypoglycemia in type 1 and type 2
diabetic patients using CSII (23,24). A re-
cent meta-analysis showed an advantage of
CSII versus MDI with an odds ratio for se-
vere hypoglycemia of 0.48 (24).Data on the
incidence of hypoglycemia in type 2 diabe-
tes are scarce, but the two parallel-group
studies, which lasted 6 and 12 months, re-
spectively, showed very low incidence of
severe hypoglycemia if any (no event in
the study by Raskin et al. [8] and 2.3% in
that by Herman et al. [9]). In the former, a
nonsignificant reduction (0.8 vs. 1.2 per
patient-month) was observed onCSII com-
pared with MDI. Nocturnal hypoglycemia
rate was similar for both treatment groups
(8). In the latter, the event rates per patient-
year were 0.08 vs. 0.23 for CSII vs. MDI,
respectively (P = 0.61). The incidence of
mild hypoglycemia was similar in both
groups (1.08 vs. 1.22 per patient-week,
P = 0.33, CSII vs. MDI) (9). The percentage
of patients who reported at least one minor
hypoglycemic episode during these two
studies was also similar for both treatments
(Table 1). In the two crossover studies
(10,11), the same percentage of patients re-
ported at least one hypoglycemic episode
(Table 2), and 24-h CGMS recordings in
the former study showed no difference of
hypoglycemic duration between both treat-
ment groups (10). Other adverse events re-
ported with the use of CSII included
hyperglycemia (8), injection site reaction
(8,9), and technical problems (8).

Is pump a useful adjunct for type 2
diabetic women during pregnancy?
Pregnancy outcomes in women with pre-
gestational type 2 diabetes seem to be
either similar (25) or worse (26–28) in
comparison with type 1 diabetic patients.

Lack of comprehensive and intensive
metabolic control of pregestational type
2 diabetic patients before and during ges-
tation has been hypothesized to underlie
such serious adverse fetal outcome (29).
Several organizations such as the Na-
tional Institute for Health and Clinical
Excellence and International Diabetes
Federation’s Global Diabetes in Preg-
nancy Guideline recommend insulin as
optimal therapy ideally initiated prior to
pregnancy, which is often not done (29–
31). As the glycemic target in type 2 di-
abetic pregnancies is similar to that in
type 1, the majority of women will there-
fore require complex multiple daily dose
regimens. Additionally, insulin require-
ments vary according to the phase of
the pregnancy, adding to the complexity
of treatment in patients who usually are
unaccustomed to intensive insulin ther-
apy. Intensification in the management
of pregnancy in type 2 diabetes women
would greatly improve pregnancy out-
come, as shown in the Atlantic Diabetes
in Pregnancy (Atlantic DIP) intervention
(32). In such circumstances, CSII use has
the potential to be one of the components
in assisting patients with type 2 diabetes
with the complexity of insulin therapy
regimens during gestation. The potential
advantages of CSII use in type 2 during
pregnancy includes 1) a better glucose
control than with MDI; 2) allowance of
temporary basal rates and flexible bo-
luses, which are important throughout
pregnancy and are not available with
MDI; 3) a decrease in hypoglycemia
rate; 4) assistance for weight mainte-
nance; and 5) an improvement in quality
of life. Data downloads from insulin
pumps, glucometers, and continuous
glucose monitoring systems facilitate in-
sight into patients’ control, behavior, and
educational needs. Average insulin re-
quirements for women with type 2 diabe-
tes using CSII range from 0.6 units/kg
during the first trimester to 0.8 units/kg
in second trimester and 1.03 units/kg in
the last trimester, but the variability is
high (O. Cohen, unpublished observa-
tion). Approximately 50% of the total
daily insulin is administered as long-acting
insulin analog. Hitherto, no randomized
control study on pump use in type 2 di-
abetes during pregnancy has been pub-
lished. Retrospective data have shown
that in selected “difficult to manage” pa-
tients with type 2 diabetes from ethnic
backgrounds with high prevalence of obe-
sity and type 2 diabetes, failing to reach
target glycemia or with fetal growth
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acceleration on high doses of insulin with
at least four injections per day, insulin
pump therapy was safe and effective
(33). It is our prediction that with the
growing concern over pregnancy out-
comes in type 2 diabetes (34), more
retrospective data and prospective ran-
domized trials will be available using
current pumps, modern consumables
(catheters, tubing, etc.), and updated
data-management systems.

Insulin pump therapymay be offered
to pregnant women with gestational di-
abetes mellitus or type 2 diabetes who
fail to obtain adequate glycemic control
with a basal/bolus regimen, need very
high insulin requirements, or experi-
ence persistent accelerated fetal growth
despite optimal conventional MDI
regimen.

Is the use of oral or other
injectable antihyperglycemic
agents recommended with CSII?
The use of oral antihyperglycemic agents
may be beneficial in type 2 diabetic
patients treated with intensive insulin
therapy in order to promote better glyce-
mic control, reduce insulin requirement,
and limit weight gain (35). Few studies
have tested such a hypothesis in CSII-
treated type 2 diabetic patients. An ap-
proach was proposed consisting of the
maintenance of sulfonylurea together
with CSII, with a titration of the oral anti-
hyperglycemic agent aiming to control ei-
ther fasting glucose or postprandial
glucose level. Both strategies were safe
and effective for lowering HbA1c (20).
Metformin may be a helpful adjunct to
CSII for long-term maintenance of
HbA1c lowering together with weight
gain limitation (35,36). In one study,
CSII was provided overnight to type 2
diabetes patients not at goal on oral med-
ications and effectively reduced fasting
plasma glucose without occurrence of
major hypoglycemia (37). Novel inject-
able antihyperglycemic agents such as
glucagon-like peptide-1 analogs and
mimetics have been recently combined
with insulin therapy for the treatment of
type 2 diabetes with positive results on
weight reduction and glycemic control
(38). It is foreseeable that combination
therapy with CSII in type 2 diabetes will
bring similar advantages. No study on
type 2 diabetes management has yet dem-
onstrated the efficacy of oral antihypergly-
cemic agents or glucagon-like peptide-1
analogs in adjunct with CSII in a random-
ized controlled fashion.

Use of CSII in clinical practice:
what are possible indications?
Guidelines from the European Association
for the Study of Diabetes and the American
Diabetes Association advise a progressive
intensification of insulin therapy in type 2
diabetic subjects who fail to respond to
therapywithnoninsulin antihyperglycemic
agents. The basal/bolus regimen combin-
ing a rapid-acting and a long-acting insulin
analog is recommended as themost precise
and flexible regimen for the intensification
of insulin therapy (39), while pump ther-
apy is not evenmentioned as an alternative.
In the author’s opinion, pump therapymay
be offered in situations of severe chronic
hyperglycemia despite high insulin re-
quirements. Such patients are generally
obese, exhibit high abdominal fat content,
and do not respond to nutritional counsel-
ing for restricting carbohydrate or fat in-
take. One may hypothesize that reduction
of postmeal excursions with CSII (8,10,11)
may limit the deleterious consequences of
hyperglycemic peaks on diabetes compli-
cations such as cardiovascular lesions (40).
Pump therapy may be offered to patients
on at least two injections per day (41) and
may be an alternative to the thrice daily
premixed NPH/rapid analog combina-
tion or the four to five daily injections
regimen combining a long-acting insu-
lin analog plus a rapid-acting analog
(10,11,13,16,17). Decision to switch
from MDI to CSII may also be based on
cost-effectiveness considerations (42,43).
Other indications of CSII in type 2 diabetes
may include extreme insulin resistance syn-
dromes such as lipodystrophy syndromes,
pregnancy, and insulin allergy (44). Insulin
allergy may occur in type 2 diabetic pa-
tients on insulin MDI, and local or gener-
alized allergy manifestations were resolved
by a switch to rapid analog insulin admin-
istered by CSII (44,45). The mechanism of
antigenicity/immunogenicity modulation
by CSII remains elusive (45).

Quality of life is also an end point to
take into consideration for the indication
of pump therapy and may be improved
after switching from MDI to pump (22).

The ability to manage with the pump
device may also be evaluated in order to
select candidates for CSII. With proper
training and when necessary a simplified
approach, many patients can be candidates
who may have otherwise not been consid-
ered, including aged patients who are not
current users of electronic devices or pa-
tients with partial autonomy with their
pump device who nevertheless may obtain
an improved glucose control (13). The

absence of cognitive or operative disability
that would compromise pump use may be
evaluated by a team experienced in pump
therapy.Mild cognitive dysfunction or anx-
ious or depressive mood may be detected
with specialized questionnaires validated in
this setting in order to reinforce educational
strategies in these patients (46). Few con-
traindications should be ruled out such as
proliferative retinopathy, psychiatric disor-
ders, lack of motivation for using pump, or
mental or physical disability. In partially
autonomous or dependent patients, assis-
tance may be provided by a nurse for man-
aging the pump device, as allowed by
health care authorities in some countries
as in France (41).

What are the caveats for the use of
CSII in type 2 diabetes?
Patients with insulin-resistant type 2 di-
abetes use large amounts of insulin per day
(.0.8 units/kg). With the pharmacody-
namics and pharmacokinetics of current
short-acting insulin analogs, the level of
circulating and active insulin is high
throughout the day. Consequently, the
need for fine-tuning of bolus dosage ac-
cording to carbohydrate loads and for
multiple basal rate, which proves effi-
ciency in type 1 diabetic patients on
CSII, may not be necessary in most pa-
tients with type 2 diabetes (47). In the
French cohorts, better glycemic control
was achieved using one or two basal rates
and using fixed bolus dosages (13–15).
Conversely, an unnecessarily complex ed-
ucational approach for pump use in type 2
diabetic management might deter poten-
tial patients from using CSII.

Device handling might be complicated
with current pump devices. High insulin
daily dosages require frequent reservoir
changes. Prefilling cartridges might sim-
plify device handling. Finally, insulin omis-
sion is common in type 2 diabetic patients
(mainly due to forgetfulness) and is a
contributor to lack of glycemic control in
MDI and CSII patients as well (48). The
possibility of downloading a patient’s
pump data may play a contributing role
to addressing this issue, as it allows the
health care professional to follow patient’s
adherence and to intervene with personal-
ized educational programs.

Is pump use relevant from a
medico-economic perspective
in a strategy of type 2
diabetes insulin intensification?
A retrospective study performed in the
U.S. by Medtronic Inc. over a 4-year
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period analyzed changes in antihypergly-
cemic agent use after CSII initiation in
943 type 2 diabetic patients. The mean
number of antihyperglycemic drugs de-
creased by 46%, and more than one-third
of type 2 patients previously taking oral
antihyperglycemic agents discontinued
oral therapy after CSII initiation. More-
over, the rate of emergency department
visits and inpatient admissions signifi-
cantly decreased after CSII initiation
(42). A recent insurer cost-of-care study
commissioned by Medtronic Inc. and
performed among type 2 diabetic patients
on 2009–2010 data from theMarket-Scan
Commercial Research Database from
Thomson Reuters analyzed the diabetes
treatment costs from 154,000 type 2 di-
abetic patients on MDI (78%) or pump
therapy (22%). In the break-even analy-
sis, savings were achieved with pump
therapy from lower insulin doses and
oral antihyperglycemic agents use, and
the initial pump investment was offset
by this savings after 2 years and 3 months
of an average daily insulin consumption
of 169 units (43).

These latter data do not take into
account the potential cost-effectiveness of
lowering HbA1c with an intensified CSII
insulin regimen if the demonstration is
made in future studies of its superiority
compared with MDI intensified regimen.
Pump therapy thus appears in some in-
stances relevant for saving costs related to
diabetes therapy.

Conclusions
Pump therapy is a promising approach for
insulin therapy intensification in type 2
diabetes. Despite limited data from ran-
domized control studies, longitudinal
data in actual use settings suggest that
CSII may be preferred to MDI in type 2
diabetic patients with severe insulin re-
sistance and poor glycemic control de-
spite sufficient insulin titration and
adherence to recommendations on diet
and exercise (13–15). The selection of
candidates for pump therapy should in-
tegrate the patient’s ability to cope with
the pump device, the absence of major
cognitive or operative disability, accept-
able adherence to self-monitoring glucose
control, and personal willingness to use
an insulin pump. A personalized appro-
ach of pump management may allow a
substantial number of type 2 diabetic pa-
tients to be candidates for pump ther-
apy. Pump treatment in patients with
appropriate indications should be as-
sociated with limited incidence of

adverse events and weight gain, al-
though the individual patient response
is not predictable.
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