Romanian Journal of Oral Rehabilitation

Vol. 15, No.2 April-June 2023

EFFECTS OF INSULIN PUMPS ON DIABETIC
RETINOPATHY: A REVIEW

Geanina Totolici* 2, Serban Cristina®, Carmen Tiutiucal 3, Kamel Earar®, Dana Tutunaru*°®

1 Ophtalmology Department, County Emergency Clinical Hospital Saint Apostol Andrei, 800578 Galati, Romania

2 University Assistant at ”Dunarea de Jos” University, Faculty of Medicine and Pharmacy, Surgical Department,
800010, Galati, Romania

3 Professor at ”Dunarea de Jos” University, Faculty of Medicine and Pharmacy, Surgical Department, 800010, Galati,
Romania

4 Laboratory Medicine Department, County Emergency Clinical Hospital Saint Apostol Andrei, 800578 Galati,
Romania

®Professor at “Dunarea de Jos” University, Faculty of Medicine and Pharmacy, Pharmaceutical Sciences Department,
800010 Galati, Romania

Corresponding authors: Kamel Earar, E-mail: cristinagl86@yahoo.com
Carmen Tiutiuca, E-mail:tiutiuca_carmen@yahoo.com

ABSTRACT

With a global prevalence of 9,3% in 2019, diabetes causes eye damage, known as diabetic retinopathy, a
microvascular complication and one of the leading causes of decreased visual acuity or blindness worldwide.The
development of a new technology in the management of diabetes, either insulin pumps, continuous glucose monitoring
devices (CGM) or augmented sensor pump therapy (SAP), has the advantage of reducing the variability in blood sugar
levels, reducing of glycosylated hemoglobin levels and the episodes of severe hypoglycemia, thus increasing
protection against complications such as diabetic retinopathy.

Despite such important benefits, medical devices for diabetes also presents adverse effects like allergic
contact dermatitis (ACD), the most important allergens being isobornyl acrylate (IBOA), rosin, ethyl cyanoacrylate
and N, N-dimethylacrylamide.

This review is focused on the beneficial effects of insulin pumps on diabetic retinopathy, but also on the
negative effects of plastics that are part of medical devices for diabetes.
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INTRODUCTION cases) and it is estimated to increase around
_ 10.2% (578 million) by 2030 and 10.9% (700
Due to the growing number of million) by 2045 [1,2].

patients with diabetes (DM), it has become a
global public health problem.

Statistics from the World Health
Organization (WHOQO) and the American
Diabetes Association (ADA) show an

Diabetes over time leads to
macrovascular  complications such as
coronary heart disease, peripheral arterial
disease and stroke, but also to microvascular
; i i A complications such as  nephropathy,
increase In the number of patients with neuropathy and diabetic retinopathy. Thus,

diabetes from 108 million in 1980 to 422 diabetes becomes a major cause of mortality
million in 2014[1]. The global prevalence of and morbidity [3].

diabetes in 2019 was 9.3% (463 million
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Diabetic retinopathy (RD) is a
microvascular complication of diabetes and
one of the leading causes of decreased visual
acuity or blindness worldwide, having a
major impact on the patient's quality of life
on the one hand and for society on the other
[3, 4].

Diabetic retinopathy is classified
according to the International Clinical
Disease Severity Scale (ICDSS) into five
stages: no signs of diabetic retinopathy, non-
proliferative diabetic retinopathy mild,
moderate, severe and proliferative diabetic
retinopathy. Diabetic macular oedema is a
separate entity that can occur at any stage of
diabetic retinopathy. Once established,
diabetic macular ischemia causes an
irreversible decrease in visual acuity, leading
to blindness [5,6].

Epidemiological ~ studies  have
shown that one in three patients diagnosed
with any form of diabetes has diabetic
retinopathy. Of the total number of patients
with diabetes, 35% have some form of
diabetic retinopathy, 7% have proliferative
diabetic retinopathy, 7% have diabetic
macular edema and 10% are in stages that
threaten the irreversible loss of visual acuity.
Worring is the fact that about half of patients
with diabetes remain for various reasons
undiagnosed with RD [7].

Diabetic  retinopathy is a
microvascular complication and also one of
the main causes of blindness worldwide, but
which can be prevented by applying
appropriate treatment of the underlying
disease. Effective treatment of diabetes can
prevent 90% of severe vision loss [8].

While certain risk factors for the
development of RD, such as the period time
since the onset of diabetes cannot be ajusted,
controlling other modifiable risk factors such
as glycemic status (blood sugar, glycosylated
hemoglobin), hypertension, and
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hyperlipidemia, is effective and essential for
reducing blindness related to RD [9].

The discovery of insulin in 1922
was revolutionary for the treatment of
diabetes. In recent years, new technologies
such as continuous blood glucose monitoring
systems (CGM) and insulin pumps (CSII)
have improved the diagnosis, evolution and
treatment of diabetes [10, 11].

The purpose of this review is to
describe both the positive and negative
effects of medical devices specially created
for patients with diabetes, which have been
identified in specialized clinical trials.

MATERIALS AND METHODS

This review is based on the study of
specialized literature available in databases
such as PubMed and Google Scholar using
medical terms such as:  “diabetic
retinopathy”, “insulin  pumps”, “angio-
OCT”, “isobornyl acrylate”.

INSULIN PUMPS AND DIABETIC
RETINOPATHY

The pathogenic mechanism
involved in the development of diabetes
mellitus is the deficiency of insulin secretion
by the pancreas in the case of type | diabetes,
or the insulin resistance of the body in the
case of type Il diabetes [12]

The treatment of diabetes was
revolutionized with the discovery of insulin
over 100 years ago. Insulin therapy is
essential for type I diabetes and indispensable
in many cases of type Il diabetes. Today,
there are approximately 8.3 million patients
worldwide who inject insulin daily to
regulate diabetes [10, 13].

Diabetic  retinopathy is a
microvascular complication of diabetes and
one of the leading causes of significant
decrease in visual acuity or even blindness
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worldwide. Both experimental and clinical
studies have shown the essential role of
hyperglycaemia in the onset and evolution of
RD [14].

Strict blood glucose control, along
with regulating blood pressure and lipid
levels, reduce the risk of developing and
progressing RD. Therefore, cooperation
between diabetologist and ophthalmologist is
essential for the prevention and success of
RD treatment [14]. Recognition by
specialists in the field that maintaining blood
sugar levels as close as possible to normal
reduces the risk of long-term complications,
has led to the development of several ways to
administrate insulin and monitor blood sugar
[15].

Thus, in recent years new
technologies such as continuous
subcutaneous insulin infusion pumps (CSII
or insulin pumps) and devices with
continuous  glucose monitoring  sensor
(CGM) have been introduced for better
management of DM [15].

Insulin pumps consist of a needle
that is inserted subcutaneously and fixed with
an adhesive patch, the needle being
connected to a pump or a plastic cannula.
They appeared in the late 1970s in order to
improve the glycemic values of patients with
type | diabetes [16].

Vision-threatening diabetic
retinopathy is known to be rare in patients
with type 1 diabetes within the first five years
of diabetes onset. Instead, the occurrence of
diabetic retinopathy was demonstrated in
almost all patients with type | diabetes after
twenty years of evolution. The growing
number of patients with type 1 diabetes,
which in 2020 reached about half a billion
people, has led to the increase in the use of
insulin pumps [17].

Although they were originally
designed for patients with type | diabetes, in
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recent years the use of CSII has increased
among patients with type Il diabetes. There
are studies with positive results for this
category of patients as well [10,18]. The
OpT2mise study is the only randomized,
large-scale study that demonstrated the
superior efficacy of insulin pumps compared
to MDI in people with poorly controlled type
Il diabetes [19].

Continuous glucose monitoring
devices appeared in 1999 and in 2006 the
FDA approved the first CSIl integrated with
a CGM sensor device. The integration of
CSII with real-time CGM in a single device
has led to the creation of a hybrid system with
automated insulin delivery technology,
known as augmented pump therapy with
sensors (SAP) [10,20,21].

Although  the  first clinical
manifestations of RD are the appearance of
microaneurysms and intraretinal
hemorrhages, microvascular lesions appear
before clinical signs.

There are currently several
technologies that can be used to detect
preclinical signs of DR. Fluorescein
angiography can highlight capillary leakage
and areas of non-perfusion. Since it is an
invasive method, it is not recommended in
the screening of patients who do not show
signs of DR on ophthalmoscopic examination
[22]

Optical coherence tomography
angiography (angio-OCT) is a modern, non-
invasive method that can highlight the
preclinical signs of RD [23].

Early diagnosis of RD and prompt
treatment are essential measures to minimize
the visual acuity loss. Hyperglycemia and
long history of diabetes are the main risk
factors for microvascular complications such
as RD. If we cannot interfere on the duration
of the disease, hyperglycemia is a modifiable
factor. The Diabetes Complications Control
Study (DCCT) demonstrated that the
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development of microvascular complications
can be prevented by intensive glycemic
control [24].

In this study, it was shown that
maintaining a glycated hemoglobin level less
than 7% was associated with a reduced risk
of developing RD, with this benefit being
maintained up to 20 years of disease
progression. The Diabetes Control and
Complications Trial (DCCT) has established
that proper long-term blood glucose
management reduces the risk of developing
RD. There are concerns about the phenomen
called "metabolic memory™ which causes
transient worsening of RD when it is a rapid
improvement in blood sugar, which is why
the guidelines recommend controlled
reductions in blood sugar, with frequent
monitoring of retinopathy, when treatment is
changed [24]

The most common mode of
administration for both type I and type 11 DM
patients is multiple daily injections. Due to
all its benefits insulin pumps are used more
and more often [5].

Compared to traditional methods of
treatment with insulin administered by
multiple daily injections (MDI), treatment
with insulin pumps or SAP allows the
regulation of insulin according to the
requirements and daily needs of patients
(exercise, diet), thus reducing 24-hour
glycemic variability and glycosylated
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hemoglobin level. Thus, by improving
glycemic control, episodes of severe
hypoglycemia are reduced without increasing
those of diabetic ketoacidosis, ultimately
leading to an increase in the quality life of
patients with diabetes [15, 21, 25].

Because of all these benefits, recent
studies indicate the important role of insulin
pumps in reducing the macro and
microvascular complications of diabetes. In a
longitudinal study of 989 adolescents with
type | diabetes, the use of CSI| for at least one
year resulted in a reduction in early
microvascular complications such as diabetic
retinopathy and peripheral nerve damage
compared to MDI [26].

Although the long-term effects of
insulin pump use are not yet fully known,
numerous studies have reported a lower
incidence of micro- and macrovascular
complications. In the case of diabetic patients
treated with insulin pumps, a lower incidence
of RD and a slower progression of it was
found [5].

Angio-OCT is a non-invasive, fast
and side-effect-free imaging method that can
be used for RD screening. The clinical signs
that can be detected with angio-OCT are:
irregular edges of the foveal avascular zone
(FAZ), the presence of microaneurysms that
could not be observed by ophthalmoscopic
examination and the decrease of superficial
vascular density (SVD) [5, 27]. (Figure 1)



Romanian Journal of Oral Rehabilitation

Vol. 15, No.2 April-June 2023

Figure 1 Patient without signs of DR on the fundus examination but who on angio-OCT shows a
decrease in SVD and irregular edges of the FAZ. (personal archive)

In a study performed in 2021, patients with
CSII had better glycemic control compared to
the group that used MDI by maintaining
lower HbAlc values and at the same time
presented higher SVD values, thus
suggesting the beneficial role of metabolic
control at the level retinal microvasculature

[5].

Decreased SVD is a preclinical
parameter that has been associated with the
occurrence of DR. This study concluded that
the use of CSII could be associated with the
reduction of retinal microvascular lesions
thus leading to a decrease in the incidence of
RD and a delay in its onset. The results are
promising but the long-term benefits of CSII
will be demonstrated by further studies [28,
29].

In arandomized controlled trial that
included 211 children (106 using CSII and
105 MDI), no statistically significant
difference in HbAlc values was found
between the two groups, instead a statistically
significant reduction in fear of hypoglycemia
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was demonstrated both of the patient and his
family, thus improving the quality of life [30]

Karges et al. followed over 19,000
patients with type | DM for 4 years and
showed a decrease in the rate of diabetic
ketoacidosis (DKA) and episodes of severe
hypoglycemia in CSII patients compared
with those using MDls [31].

Linket to RD, Downie et al. in the
study performed on 1604 adolescents with
type | diabetes, they showed a reduction in
the risk of developing RD in patients treated
with CSII compared those treated with MDI,
the prevalence of RD continuing to decrease
as the management of glycemic values
intensified [32].

Also, Charles et al. showed that
improved glycemic variability through the
use of insulin pumps led to a lower incidence
of diabetic retinopathy, the most significant

reduction  being proliferative  diabetic
redinopathy [33].
Although sometimes following

intensive insulin treatment RD can worsen,
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especially in the first two years, a good
control of glycemic values improves the
long-term prognosis in patients with DM type
I [34]

The study by Misso et al. in 2010
compared the retinal changes in type | DM
patients treated with CSIl and MDI. This
study confirms the improvement of glycemic
control by reducing HbA1c values in patients
using CSII for DM management compared to
those treated with MDIs. [35]

The results of the study showed,
however, an increase in the central thickness
of the retina in the group of patients treated
with CSII, without the appearance of macular
edema and without changing other retinal
parameters [35].

Regarding retinal oxygenation in
patients with DM, the studies performed were
cross-sectional. Venous dilatation was
observed to be a risk factor for the onset and
progression of RD, but which did not change
with the intensification of glycemic control
by CSII. [36]

Diabetic retinopathy may cause
changes in retinal function even before
retinal microvascular lesions become visible
ophthalmoscopically.  The  results of
electroretinography and scotopic
adaptometry can be considered biomarkers of
subclinical diabetic retinopathy. Thus,
Holfort et al. have resulted in increased ERG
amplitude in scotopic conditions and
increased adaptability to darkness in patients
who a year ago switched to MDI with CSII
[37, 38].

Meta-analyzes of observational
studies and randomized studies have shown
that the use of CSII compared to MDI causes
lower blood glucose variability, reduces
glycosylated hemoglobin levels and episodes
of severe hypoglycemia, thus increasing
protection against complications such as RD
[39, 40].
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Comparative study by Laura Reid
et al. evaluated the progression of RD in
patients using CSII and those administering
MDI. The results showed a lower progression
of RD over a 3-year follow-up in adults with
type | DM who use CSII, compared with
those on MDI therapy (18.6% in those with
CSIl vs. 26.5% in those with MDI, p =
0.0097). Although the reduction in
glycosylated  hemoglobin  levels  was
significantly higher for the CSII group
(reduction of 6mmol/ mol (0.5%)) compared
to the MDI group (reduction of 2mmol / mol
(0.1%)) there was no evidence of aggravation
transitional RD [41].

The complete etiopathogenesis of
diabetic retinopathy and atherosclerosis is
still  incompletely elucidated.  Recent
evidence has shown the role of inflammation
and endothelial dysfunction in their
pathophysiological process. Inflammatory
biomarkers such as pro-inflammatory
cytokines, cell adhesion molecules, C-
reactive protein are the new key elements for
micro- and macro-angiopathy [42]

Impairment of endothelial function
in children is a sign that precedes the
formation  of  atheromatous  plaque.
Ultrasound analysis of carotid artery intima-
media thickness and brachial artery flow-
mediated dilatation revealed less advanced
early atherosclerotic changes in children
using CSII compared with those treated with
MDI. Research was not conducted in patients
who transitioned from MDI to CSl|I, but only
in those who resumed CSII as first therapy.
And this study hypothesizes that insulin
intensification by CSII is beneficial on
micro- and macrovascular changes in type |
DM patients [42, 43].

Sohaib A. et al. performed a review
and meta-analysis that included randomized
clinical trials and contemporary studies and
demonstrated that CSII therapy significantly
reduces the incidence and progression of DR.
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Unlike the Diabetes Control and
Complications Study (DCCS) conducted and
completed more than 20 years ago, this study
included modern generations of insulin
analogues [44].

CSII consists of connecting the

insulin pump through a catheter placed
subcutaneously.
New models of insulin pumps calculate
insulin requirements based on the patient's
carbohydrate intake and blood glucose level.
By accessing the information stored in the
software, you can find out an accurate history
of insulin use [45]

The use of insulin pumps was
associated with higher initial costs due to the
costs of the pump acquisition, the necessary
consumables but also for educating patients.
However, long-term studies have shown that
these costs are offset by reducing the costs of
treating complications caused by DM [41].

The use of insulin pumps has grown
exponentially with the introduction of SAP
hybrid systems, diabetes market in the United
States beeing evaluated at $ 23 billion [46,
47].

With this increase in CSII use, new
medical studies will appear that will analyze
the beneficial effects of insulin pumps on the
progression of diabetic retinopathy and other
macro and microvascular complications of
diabetes.

EFFECTS OF PLASTIC MATERIALS
ON DIABETES MEDICAL DEVICES

Over the past decade, new medical
devices (MD) such as insulin pumps, flash

glucose monitoring (FGM) and continuous
glucose monitoring have helped patients with
DM to achieve good glycemic control and
reduce macro and microvascular
complications [11].

In addition to all these positive
effects, the use of medical devices for
diabetes has been associated with a number
of adverse events. The most common
complication is due to mechanical failure of
insulin pumps. The second most common
adverse effect which has a negative impact on
the patient's quality of life, is allergic contact
dermatitis [15, 58-63].

ACD is caused by a type IV skin
hypersensitivity immune reaction, which
occurs against allergens in contact with the
patient's skin. The most common contact
allergens are the acrylate and methacrylate of
adhesives and plastics used to create medical
devices, including insulin pumps [48].

Acrylates and methacrylates are
synthetic thermoplastic resins, esters of
acrylic and methacrylic acids that polymerize
either spontaneously or when exposed to
ultraviolet light forming products used in the
medical field, in plastics and textiles [49, 50].

Acrylates are classified according
to their chemical structure into mono (meth)
acrylates, di/ tri acrylates and cyano acrylates
[48].

With the widespread use of MD for
diabetes, the incidence of ACD among this
group of patients has increased. The most
common allergens involved in the occurrence
of ACD were isobornyl acrylate (IBOA),
ethyl cyanoacrylate (ECA) and N, N-
dimethylacrylamide. (Table 1)[11].

Table 1. Allergens indentified in medical devices for diabetics implicated in development of ACD

reported in specialty literature
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Authors Type of medical device for | Allergens identified in the
diabetics device
Busschots et al(1995) Cliniset Disetronic PEEA
IBOA
BCA
Benzonylcyclohexanol
Peeters et al (2017) Platinum G4 ECA
Aschenbeck et al(2017) Platinum G4 Cyanoacrilate
Oppel et al (2018) Omnipod IBOA
Freestyle Libre
Herman et al (2017) FreeStyle Libre IBOA
Raison-Peyron et al (2018) Omnipod IBOA
Passanisi et al (2018) Enlite sensor Colophonium

Omnipod

Abbreviations: BCA — 3 — carboxyethyl acrylate; ECA - ethyl cyanoacrylate; IBOA - isobornyl
acrylat; PEEA — phenoxypoly(ethylenoxy) ethylacrylate.

The first case of acrylate allergy was reported
by Stevenson in 1941, in a patient who
developed an allergy to methyl methacrylate
(MMA). Since then, acrylate allergy has been
well documented [51].

IBOA is a new generation acrylate,
being a low molecular weight acrylic
monomer that is part of the adhesives and
plastics of medical devices, including those
for diabetes [52].

Herman et al. in 2017, and Pyl et al.
in 2020, set a frequency of contact dermatitis
at IBOA of 3.8% among patients using the
FreeStyle Libre glucose sensor [53, 54].

IBOA was also identified by test
patch, as well as by chemical analysis as the
main factor in the occurrence of ACD in 4 of
5 patients using the Enlite glucose sensor and
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the Paradigm MiniMed Quick-set insulin
infusion set [55, 56].

Rayson-Peyron reports the
occurrence of contact dermatitis caused by
IBOA at the Omnipod insulin pump [57].

Up to 81% of patients with MD
who used FreeStyle Libre or Enlite systems
and who developed ACD had a positive
reaction to the IBOA test package [48].

Frequent reports have given the
isobornyl acrylate (IBOA) the title given by
the American Dermatology Association of -
Contact Allergen 2020 [48, 52].

CONCLUSION

The development of high-tech

medical devices has revolutionized the
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methods of diagnosis and treatment of
multiple diseases.

In the field of diabetes, insulin
pumps, continuous glucose monitoring
systems and hybrid systems (SAP) have
significantly improved blood glucose control,
reducing the rate of complications such as
diabetic retinopathy, severe hypoglycemia
and ketoacidosis.

Due to the similarity with the
physiological process of insulin release,
insulin pumps are increasingly used for the
management of both type | and type Il
diabetes.

Most of the studies that analyzed
retinal parameters and intensive glycemic
control were generally carried out over a
period of 12 months or even less, but RD
specific changes generally appear after
several years of evolution. That is why long-
term studies are needed to demonstrate the
beneficial effects of using CSII.

CSlI allows a release of insulin in
accordance with food intake and changes in
physical activity, which leads to greater
flexibility for diabetic people, thus increasing
their quality of life.

Due to allergic contact dermatitis
caused specifically by IBOA, some patients
are forced to return to traditional methods of
glucose monitoring and insulin
administration by MDI, thus decreasing the
patient’s quality life.

All these positive and negative
effects of medical devices for diabetes should
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