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The recent century has witnessed significant advances in the
development of insulin therapy evolving from its early
discovery to the production of human insulin and the for-
mulation of novel short and long acting analogs [1]. Insulin
delivery routes have also been extensively researched, yet
the subcutaneous (SC) route remains the leading and most
reliable delivery mode. SC insulin may be administered by
single (if appropriate) or multiple daily injections (MDIs) or
by continuous SC infusion of insulin (CSII). Both treatment
modalities have been significantly developed in recent
decades [1, 2].

Basal insulin analogs have been improved to achieve a
longer and flatter action profile allowing for more pre-
dictable insulin delivery with less variability and lower rates
of hypoglycemia [3]. Attempts at improving onset and
offset of short acting insulin analogs are also underway—
some based on modifying the substance injected—i.e.
addition of nicotinamide [4], utilizing biochaperone tech-
nology [5] or the addition of EDTA or hyaluronic acid [1].
Delivery of short acting insulin via alternative routes such
as inhaled [6], intradermal [7], or oral [8] have also been

studied, with inhaled short-acting insulin currently available
for clinical use.

Pump technology has also evolved in tune with the
rapidly developing technology industry. The new models of
insulin pumps have become safer, more user friendly,
include bolus calculators and incorporate modern data
communication technologies enabling better data manage-
ment [9, 10]. Glucose sensors are an additional rapidly
progressing field, and the development of algorithms which
will eventually lead to full closed loop systems are presently
underway [2, 10].

However, the use of CSII per-se is still far more
expensive than MDI; costs entailed both by the technology
as well as by the personnel required to educate the patients
in the use of the insulin pumps and in calibration and
adjustment of insulin doses [9]. Assessment of the clinical
benefits of CSII vs. MDI may support clinicians and policy
makers in reimbursement decisions for this treatment
modality.

In this issue of the Journal Benkhadra and colleagues
describe a meta-analysis of studies comparing CSII to MDI
in patients with type 1 diabetes mellitus (T1DM) [11]. The
analysis includes 13 trials already described in a meta-
analysis by Fatourechi et al. [12] as well as 12 studies pub-
lished since. The authors evaluated the comparative glycemic
efficacy and hypoglycemia rates of both approaches.

CSII was associated with a marginal decrease in HbA1c
of 0.37% (95% CI 0.24–0.51) as well as a lower incidence
of nocturnal hypoglycemia (rate ratio 0.712; 95% CI
0.579–0.875). There were no significant differences in rates
of minor or severe hypoglycemic events [11]. Given that
CSII is associated with significantly increased cost, risk of
localized skin infections and pump malfunction [9] do these
data support its widespread use?
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Insulin degludec was launched in 2013 and demonstrated
a significant reduction in nocturnal hypoglycemia rates in
patients with T1DM (RR 0.697, 95 % CI 0.617–0.786),
albeit no improvement in HbA1c in clinical trial data [13].
Notably, all trials included in the meta-analysis by Ben-
khadra et al. compared CSII to MDI regimens which
included the long acting insulin neutral protamine hagedorn
(NPH) or glargine but not any of the novel ultra-long acting
insulins (degludec or glargine U-300) [11]. Switching
patients from older long acting analogs to degludec would
be less costly than CSII, so is CSII really cost-effective?

Apparently, non-discriminative use of CSII in patients
with T1DM is neither cost-effective nor clinically justified
and selection of patients for initiation of or transition to
CSII therapy should be carefully pondered [10]. Candidates
for CSII may be those who have elevated HbA1c levels
despite best attempts at MDI [9, 10], including the use of
the new ultra-long acting insulins. Additionally, since use of
CSII has shown significant reduction in rates of hypogly-
cemia, it should be considered in those patients who have
continued events of hypoglycemia, major hypoglycemia or
hypoglycemia unawareness [9, 10]. These were often
excluded from the trials, and only small pilot studies have
focused exclusively on this patient population [11, 12]. In a
study of 96 patients with T1DM and impaired awareness of
hypoglycemia, patients were randomized to either MDI or
CSII with emphasis on patient education and titration of
insulin doses. Both treatment arms demonstrated compar-
able reductions in severe hypoglycemia and fear of hypo-
glycemia, with similar hypoglycemia awareness at the end
of the study [14]. It has been speculated that in earlier trials
comparing MDI to CSII, the MDI group received less
education since it was not mandated by the nature of the
intervention, possibly contributing to their inferior out-
comes [14]. This study which emphasized equal patient
education in both groups may have thus obliterated this
possible confounder.

Additional patient outcomes need to be considered when
comparing MDI to CSII which were not captured in the
meta-analysis by Benkhadra et al. [11]. Patient compliance
can be better assessed with CSII—as insulin boluses and
adherence to pump maintenance requirements are data
stored in the pump memory. Quality of life (QOL) has been
reported to be better in the CSII vs. MDI arm in some, but
not all studies—in patients with type 1 and in those with
type 2 diabetes [11, 15, 16]. The baseline profile of the
patients may determine the impact CSII will have on QOL.
Patients who inject frequently for meals, snacks and cor-
rections may benefit from the automated insulin delivery of
the pump precluding the need for multiple pricks a day.
Similarly, it may be easier for parents to deliver adequate
insulin boluses to a child using CSII vs. MDI [9]. However,
patients who tend to eat and bolus with three main meals

alone may experience less of a benefit with CSII and only
suffer from the cumbersome need to be attached to a device
all day.

Glycemic variability has been reported to be reduced
with CSII vs. MDI in some studies [11, 16, 17], yet others
reported no significant change [18–20]. Further studies
including continuous glucose monitoring (CGM) technol-
ogies will enable better understanding of this phenomenon
and its clinical implications.

Finally, it should be noted that studies assessing the
effect of CSII differ from those assessing the benefit of a
glucose lowering agent. Whereas the latter require minimal
patient adherence and compliance to ensure the success of
the intervention, the glycemic benefit of CSII weighs
heavily on the experience of study physicians and on patient
compliance to test glucose and adjust their insulin doses
accordingly.

Reassessment of the benefit to risk ratio of CSII vs. MDI
must be considered in the individual patient during clinic
visits, bearing in mind that CSII is clearly not a “magic pill”
for all. In some, it will be associated with reduced and not
improved glycemic control, if the use of the technology is
not acceptable to the patient and thus is not properly
implemented. It is recommended to assess the patient’s
mental and psychological status, prior adherence to diabetes
self-care measures as well as the patient’s willingness to use
the pump and participate in follow-up visits before trans-
ferring the patient from MDI to CSII [10].

With the recent advances in glucose sensing technologies
there is much to look forward to in this field. Closed loop
systems with unique algorithms as well as dual hormone
systems are rapidly developing and these may be far less
dependent on patient cooperation and provide consistent
benefit in larger patient populations [21, 22]. The devel-
opment of fast-acting insulin aspart may further enhance
insulin delivery in pumps and increase their superiority
[23]. Nevertheless, the correct balance of clinical benefit
and cost-effectiveness must be reassessed at the level of the
individual patient as well as the health care system.
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