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Case Presentation

A female patient who had previously been healthy
developed fulminant (i.e., extremely acute onset) type
1 diabetes at the age of 50 years. At that time, her C-
peptide was below detectable levels, and her plasma
glucose was >600 mg/dL, with a near-normal A1C of
6.1%. She tested negative for both anti-GAD and anti-
IA-2 antibodies as well as antithyroid autoantibodies
(1). She developed localized lipoatrophy (LL) at injec-
tion sites after initiating a multiple daily injection
(MDI) therapy regimen with insulin aspart and insulin
glargine at a previous hospital but had been given no
particular instructions on how to deal with LL.

With her glycemic control still found to be inadequate 1
year later, at the age 51 years, despite insulin therapy,
she was referred to our hospital so she could be
switched to sensor-augmented pump (SAP) therapy. At
presentation, she had no diabetic neuropathy,

retinopathy, or nephropathy. After switching to SAP
therapy with insulin lispro, her A1C improved from 8.3
to 7.2%.

However, at the age of 52 years, after 6 months of SAP
therapy, her A1C deteriorated from 7.4 to 8.2%. A
review of the SAP troubleshooting history revealed that
she had had frequent insulin infusion interruptions.
Also, an examination of the cannula insertion sites
showed that they were all located from the right abdo-
men to the lower right abdomen to the midline, with
depressions at the insertion sites and their surrounding
tissue. There were also sites in the lower navel area
from earlier basal-bolus therapy. Thus, LL had grown to
affect a wide area that included the lower navel (Figure
1). She had made a practice of inserting cannulas in the
right abdomen and placing her glucose sensor on the
left, thus continuing to insert cannulas into the same
areas that looked depressed as a result of a decrease in
subcutaneous fat mass and were characterized by
marked atrophy (Figure 2).

Biopsies were performed to examine tissues from
a depressed area and a borderline area between the
depressed and normal areas. Microscopically, the
depressed adipose area showed a reduction in size but
no reduction in number; it also showed evidence of
inflammatory cell infiltration (i.e., CD41 T cells and M2
macrophages). The borderline tissue showed a mixture
of diminished and normal-sized adipose cells. Electron
microscopy revealed the depressed area to be atrophic
(about 30 mm in diameter) but to contain no apoptotic
cells. No abnormal findings were noted in serum leptin,
adiponectin, or immunoglobulin levels or on thyroid
function.

Based on these findings, this case was thought to constitute
one of acute and extensive LL associated with insulin ther-
apy in a patient with type 1 diabetes whose glycemic
control worsened mainly as a result of repeated cannula
insertions into lipoatrophic sites, resulting in insulin infu-
sion interruptions. After the diagnosis was established, the
insulin formulations were replaced with insulin glulisine, to
which she had never been exposed previously. Additionally,
she was instructed not only to insert cannulas at sites that
were not affected by lipoatrophy, ranging broadly from the
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left abdomen to the waist to the hip or thigh, but also to
use these insertion sites in rotation.

After instituting these changes, the patient had no fur-
ther insulin infusion interruptions, and her A1C
improved to the 6.8–7.3% range. The extent of lipoatro-
phy was found to be mild at the new insertion sites, and
lipoatrophy gradually improved in the depressed sites,
including those in the lower navel (Figure 3).

Question

What should be suspected when a patient with diabetes
and LL experiences worsening glycemic control despite
switching from an MDI insulin regimen to SAP therapy?

Commentary

Although LL associated with insulin formulations occurs as
a result of adipocyte atrophy, its mechanisms of onset are

unclear (2,3). Putative mechanisms include influences of
an immune response to insulin injections or to excipients of
the injection solution, trauma from repeated local injec-
tions, inhibitory effects of macrophage-derived cytokines
on adipocyte differentiation, and CD41 T cell–mediated tis-
sue remodeling (4–6). Microscopic photographs of the skin
depressions in this case showed evidence of infiltration of
inflammatory cells (i.e., CD41 T cells and M2macro-
phages) in parts of the vascular stroma, suggesting the
likely involvement of CD41 T cell–mediated tissue remod-
eling in the onset of LL.

With no apoptotic cells found to be present, apoptosis
was ruled out as a mechanism in this case. This patient
had no history of metallic allergy, and trauma from
metallic needles was thought unlikely as a cause of LL,
as she was currently using an SAP for insulin delivery.
The patient had no history of comorbidities and no
familial predisposition to autoimmune diseases. As one
consideration about her developing much less frequent
lipoatrophy instead of lipohypertrophy in response to
recombinant human insulin, her father had suffered
from amyotrophic lateral sclerosis, which may have
been associated with her genetic predisposition to lipoa-
trophy (7). Moreover, although fulminant type 1 diabetes
has been classified as idiopathic type 1 diabetes because
of the absence of autoimmune markers (1), possible
involvement of autoimmunity has been recently reported
in this subtype of type 1 diabetes (8). Key findings of note
here are that no reduction was seen in adipose cell size
even in the depressed areas and that normal-sized adipose
cells were shown to be present in the borderline area
between depressed and normal areas, suggesting that the
LL might be highly reversible.

FIGURE 1 Extensive lipoatrophy localized mainly in the right
abdomen.

FIGURE 2 CT image of localized lipoatrophy in the right
abdomen.

FIGURE 3 A trend toward improvement in LL seen with the use
of cannula insertion sites in rotation.
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Worsening of glycemic control in this case was thought to
be caused by insulin infusion interruptions and unstable
insulin absorption associated with repeated cannula inser-
tions into highly lipoatrophic areas. When the patient was
initially converted to SAP therapy, the cannula insertion
sites in the right abdomen were less atrophic, with some
subcutaneous adipose tissue remaining intact, which
made cannula insertions in this area effective, leading to
improvements in glycemic control. Subsequent worsening
of glycemic control was therefore thought to be caused by
frequent cannula insertions into this area, which led to
insulin infusion interruptions, making less insulin avail-
able for absorption as LL rapidly progressed and involved
a wide area, thus contributing to the progressive loss of
subcutaneous adipose tissue (9).

The reason the patient had continued to insert cannulas
into the depressed areas was that, as she made it a prac-
tice to place her glucose sensor on the lower left abdo-
men and insert cannulas into the lower right, the area
available for cannula insertion grew increasingly lim-
ited because of the rapid progression of LL to an
increasingly wider area. Although checking insulin infu-
sion sites should be a fundamental part of routine dia-
betes care, it is often overlooked (10).

It is crucially important to treat LL associated with insu-
lin injections not only for cosmetic reasons but also to
ensure improved glycemic control (9). Reported treat-
ment approaches to LL include the use of injection site
rotation, local steroid injection, insulin vials that also
contain steroids, and low-dose oral corticosteroids, but
the effects of these approaches vary (11–14). An inter-
ventional study found that LL improved in affected
patients after switching them from other insulin analogs
to insulin glulisine, which, unlike the other available
insulin analogs, is free of zinc (15).

In this case, in which the patient’s complete insulin defi-
ciency required subcutaneous insulin injections, LL was
shown to have progressed rapidly, and subcutaneous
biopsies were performed to formulate a treatment plan.
Because samples from affected sites showed potential for
tissue regeneration, thus obviating the need for steroid
treatment, the treatment plan adopted was to replace
the patient’s insulin analogs with insulin glulisine and to
use nonaffected cannula insertion sites in rotation.
Indeed, rotating insertion sites led to the resolution of
linear, elevated scars, elevation of sagging skin in
depressed areas in the lower navel, and a trend for
improvement in depressions at the affected sites
(Figure 3).

Clinical Pearl

When patients with insulin-dependent diabetes develop
LL and experience worsening glycemic control despite
SAP therapy, clinicians should review their SAP trouble-
shooting history and examine their cannula insertion
sites to attempt to identify and ameliorate the cause.
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