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1 | INTRODUCTION represents one of the major public health problems globally.}? In

patients with DM, glycaemic control and its maintenance within the
Diabetes mellitus (DM) is a chronic metabolic disease characterised normal range are essential to avoid the onset of the multiple and
by elevated blood glucose levels. It is an increasingly prevalent dis- potentially severe complications of the disease (e.g., hypoglycae-
order that causes significant morbidity and mortality and today mia) in the short and long term. In the past decade, the
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development of high-tech devices such as insulin pumps, continu-
ous glucose monitors (CGM) and flash glucose monitors (FGM) has
revolutionised the treatment of DM, simplifying the life of patients
both in the therapeutic and follow-up field.*® Traditional self-
monitoring of blood glucose levels using finger sticks has been
replaced by continuous or flash glucose monitoring, and insulin
pumps have eliminated the need for multiple daily insulin injec-
tions.>* Compared with standard metered-dose insulin they have
not only the benefits of reduced daily skin pricks, but also yield less
fluctuation of glucose levels and fewer hypoglycaemic episodes.
Moreover, these devices are associated with lower baseline haemo-
globin Alc levels, they improve microvascular outcomes and have
resulted in markedly improved quality of life for the patients.!
Therefore, diabetes devices are rapidly being adopted by patients,’
with up to 30% to 40% of individuals with type 1 diabetes (espe-
cially children and adolescents) and an increasing number of
patients with type 2 diabetes using them.*

However, diabetes devices are associated with a number of
cutaneous adverse events, including itch, irritant contact dermati-
tis, scars, wounds, infections, lipohypertrophy and -atrophy, and
allergic contact dermatitis; detachment of the sensor or transmitter
during sports or upon water contact may also occur.>¢ A common
feature of the sensors and pumps is that they are fixed on the skin
for 3 to sometimes 14 days, for which the use of strong adhesives,
which may contain acrylates, is necessary. Therefore, the emer-
gence of cases of allergic contact dermatitis (ACD) could be and
was antio:ipated.7 However, it turned out worse. During 2017, after
the wide adoption of the newly introduced FreeStyle Libre (FSL)
glucose sensor, a worldwide epidemic of ACD was born.* What
started with the discovery of isobornyl acrylate (IBOA) as an impor-
tant contact allergen in FSL evolved into the detection of a multi-
tude of sensors and insulin pumps causing ACD by a large number
of allergens.

This article provides a full review of the literature on ACD to
glucose sensors and insulin pumps. It discusses how the allergens
were discovered, and presents all available data on culprit
allergens and devices that have caused ACD, frequency and clinical
features of allergic reactions, management of patients with ACD
including secondary prevention, and diagnostic procedures. Rele-
vant literature was identified in January-March 2024 by an elec-
tronic database search in PubMed/MEDLINE and Embase using as
key words ‘glucose sensor’, ‘insulin pump’, ‘insulin infusion set’,
and ‘isobornyl acrylate’ in combination with ‘allergy’ and ‘allergic
contact dermatitis’. In addition, the reference lists of retrieved arti-
cles were searched by hand to identify other relevant articles to be
included.

This is not the first, but by far the most comprehensive and clear
review article on the subject. Reviews have previously appeared in
2018,° 20192 (limited, mostly side effects of insulin and other antidia-
betic drugs), 20208 (very limited, also other medical devices), 2020*
(isobornyl acrylate), 20207 (limited review, in German), 2020 (isobor-
nyl acrylate, limited review, practice-oriented), 2021,%° 2022, and
202312

2 | DIABETES DEVICES: GLUCOSE
SENSORS AND INSULIN PUMPS

2.1 | Glucose sensors

Glucose sensors are devices implanted within the skin or subcutane-
ous tissue that transmit in vivo glucose readings to an external device.
Glucose sensors were first approved by the Food and Drug Adminis-
tration (FDA) in the USA in 1999, with newer generations marketing
their extended durability.> There are 2 types of glucose monitoring
systems: continuous glucose monitoring (CGM) (e.g., Dexcom and
Enlite) and flash glucose monitoring (FGM), more appropriately but
less often termed ‘intermittently scanned continuous glucose moni-
toring’*® (e.g., FreeStyle Libre and FreeStyle Libre 2). The first CGM
system became available in 2005 and the first flash system (FSL) was
introduced in 2014 in the European Union and (slightly different ver-
sion) in the US in late 2017.*% In both systems the glucose sensor
measures the interstitial glucose levels. The sensor electrodes are
inserted under the skin, with glucose values then being sent to the
transmitter of the device. An adhesive patch, which has a perforated
space for wire access, is used to fix the plastic sensor and transmitter
to the skin.*!

With CGM, tissue glucose monitoring is performed continuously,
that is, every 5 min. Via Bluetooth, the values are transmitted to a
reader, application on a smartphone, or pump, along with hypoglycae-
mia or hyperglycaemia alerts, which are particularly helpful at night or
during sports activities.»> A CGM system is generally worn on the
abdominal skin, usually for up to 10 days. Thereafter, the sensor is
removed with the plaster, and a new one is attached to a different
skin area. CGM systems have undergone constant development. A
CGM glucose sensor introduced in 2018 (Eversense) is implanted sub-
cutaneously for 90 days (approved for up to 180 days in the
European Union). The sensor is placed through a small incision and
closed with Steri-Strips (3 M). Directly above the sensor, a transmitter
is fixed on the skin with a double-sided adhesive patch that requires
daily replacement to prevent any allergens migrating from other parts
of the device from piling up in the adhesive.! A disadvantage of the
earlier CGM monitors was that they required twice-daily calibration
with fingerstick blood glucose testing.**

With flash glucose monitoring (FGM), the glucose values can only
be accessed when the patient ‘flashes’, which means that the associ-
ated scanner is held in the immediate vicinity of the sensor. The Free-
Style Libre sensor 1 was a flash-type sensor, which had the advantage
of a 2-week period remaining on the skin and—contrary to the CGM
systems at that time®—of not requiring any calibration, thereby mini-
mising fingersticks. Nowadays, nearly all glucose sensors perform

CGM and need no calibration anymore.*®

2.2 | Insulin pumps

Insulin pumps (also called insulin infusion pumps and continuous sub-

cutaneous insulin infusion [CSII] sets), allow for continuous delivery of
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short-acting insulin and thereby facilitate more precise blood glucose
control, sometimes in conjunction with glucose monitors.?? Insulin
pumps are used especially by patients with type 1 diabetes mellitus,
as they have a complete deficit of pancreatic p cells and require a
replacement insulin therapy for life.> The first insulin pump, the Bios-
tator (Miles Laboratory Inc., Elkhart, IN, USA), was invented in 1974
and had the size of a microwave oven.! Nowadays, commonly used
insulin pumps are approximately the size of a deck of cards.

There are two types of insulin pumps: traditional insulin pumps
(infusion sets) and ‘tubeless’ insulin pumps.

Traditional insulin pumps contain an insulin reservoir and pump,
which is often worn at the waistline, tubing to deliver the insulin from
the pump to the body, and an infusion set that connects the system
to the patient's skin with adhesives. The infusion set includes a short
plastic cannula that is inserted into the subcutaneous tissue through a
metallic needle in its center, with either a mechanical inserter, or is
inserted by hand. After insertion, the needle is retracted, and the can-
nula fixed with the adhesive to the skin remains in place. There are
also some infusion sets with stainless steel needles. The infusion set is
changed by the patient every 2-3 days, requiring cleansing of the area
with alcohol/chlorhexidine.

Tubeless insulin pumps (also called ‘patch pumps’ or ‘pods’) are
‘all-in-one’ devices that adhere to the skin directly overlying the site
of cannula insertion. They remain fixed in place by an adhesive patch.
The pump and insulin reservoir are attached directly to the adhesive
patch; there is no tubing. These pumps are typically replaced every
3 days.!! The first pump of this type was the Omnipod insulin pump,
released in 2005 in the USA and 2010 in Europe. Patch pumps are
more discrete than traditional pumps because they can be worn
directly on the skin unattached to clothing.? Since the tube and con-
nected pump is perceived as annoying, especially during the night, the

tubeless insulin pump is becoming increasingly popular.®

2.3 | Glucose sensors and insulin pumps: trade
names, types, and producer information

Glucose sensors discussed in this review for having caused ACD, having
been analysed for the presence of allergens, or both, are shown in
Table 1; for insulin pumps and insulin infusion sets see Table 2. Another
diabetes device discussed in this article, not fitting into either category, is
MiaoMiao (High Brilliant Health Technology, Shanghai, China [uncertain
whether this is correct]; miaomiao.cool). This device is an add-on trans-
mitter that converts the flash glucose monitoring system of FSL 1 and
2 into a continuous glucose monitoring system (CGM).*¢ This device will
be outdated soon: the more recent FSL 3 is a CGM.

3 | CUTANEOUS SIDE EFFECTS OF
DIABETES DEVICES

Diabetes devices are associated with a number of cutaneous side

effects, including itch, pain, burning, bruising, erythema, oedema,

] WILEY-L ©

Glucose sensors discussed in this review.

TABLE 1

Brand name Type Producer, address, website

Dexcom G4 Platinum™?® CGM  Dexcom, San Diego, CA, USA
(dexcom.com)

Dexcom G5™? CGM  Dexcom, San Diego, CA, USA
(dexcom.com)

Dexcom G6™ CGM  Dexcom, San Diego, CA, USA
(dexcom.com)

Dexcom G7™ CGM  Dexcom, San Diego, CA, USA
(dexcom.com)

Enlite™ CGM  Medtronic, Northridge, CA, USA
(medtronicdiabetes.com)

Eversense® XL CGM  Ascensia Diabetes Care, Basel,
Switzerland (ascensia-diabetes.ch)

FreeStyle Libre® 12 FGM  Abbott diabetes care, Alameda,
CA, USA (diabetescare.abbott)

FreeStyle Libre® 2 FGM  Abbott diabetes care, Alameda,

CA, USA (diabetescare.abbott)

FreeStyle Navigator® 1 FGM  Abbott diabetes care, Alameda,
CA, USA (diabetescare.abbott)

Guardian 4™ CGM  Medtronic, Northridge, CA, USA
(medtronicdiabetes.com)
TouchCare® A6? CGM  Medtrum Technologies, Shanghai,

China (medtrum.com)

Abbreviations: CGM, continuous glucose monitor; FGM, flash glucose
monitor.

2This specific device is not produced anymore; newer versions are
(usually) available.

TABLE 2 Insulin pumps and insulin infusion sets discussed in this
review.
Brand name Type Producer, address, website
Accu-chek® Infusion Roche Diabetes Care, Basel,
Insight Flex set Switzerland (rochediabetes.com)
MiniMed™ Infusion Medtronic, Northridge, CA, USA
Quick-set™ set (medtronicdiabetes.com)
MiniMed™ Infusion Medtronic, Northridge, CA, USA
Silhouette™ set (medtronicdiabetes.com)
MiniMed™ Infusion Medtronic, Northridge, CA, USA
Sure-T™ set (medtronicdiabetes.com)
mylife™ Infusion Ypsomed AG, Burgdorf, Switzerland
YpsoPump set (ypsomed.com)
Orbit®
Omnipod® Patch Insulet Corporation, Acton, MA, USA
pump (insulet.com)
(pod)
Omnipod® Patch Insulet Corporation, Acton, MA, USA
DASH pump (insulet.com)
(pod)
TouchCare® Patch Medtrum Technologies, Shanghai,
A6® pump China (medtrum.com)
(pod)

2This specific device is not produced anymore; newer versions are
available.
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bleeding, hematoma and dermatitis, the latter sometimes resulting in
post-inflammatory hyper- or hypopigmentation.1>417-1? Dermatitis
may be either irritant contact dermatitis (ICD) or ACD. ICD can be eli-
cited by chemical irritants, physical irritation due to the repetitive
removal of adhesive materials, moisture accumulation under the medi-
cal device, and a reaction to the plaster itself, which causes direct
cutaneous injury. The presence of ICD may promote the development
of ACD by diminishing the integrity of the skin barrier, thereby
increasing the presentation of allergens to the skin's immune sys-
tem.2° The long application time of the devices, notably the sensors
(6-14 days) and the presence of acrylates also favour sensitization
and development of ACD.?* Scars, wounds, infections, lipohypertro-
phy and lipoatrophy are side effects seen especially with insulin
pumps.2'3'6'18'19

In studies investigating the nature and epidemiology of skin reac-
tions to diabetes medical devices, the frequency of cutaneous adverse
reactions has shown a wide range, presumably dependent on the
study design and definition of cutaneous complications. In dermato-
logical literature presenting cases of ACD, the results of some Danish
studies are often cited, showing that such cutaneous reactions occur
frequently.?2-2°

In the first study, performed in 2016 and 2017, 178 children and
adolescents with type 1 diabetes (T1D) who had been treated with a
sensor or pump for more than 4 weeks, were invited to participate in
a study investigating previous or current skin reactions to their
device(s).?> 144 of 178 (80%) patients or their parents filled out an
online questionnaire. Of 143 pump users, 89% had experienced der-
matological complications in the past, the most frequent of which
were itching (78%), (dry or wet) wounds (50%), and non-specific
eczema (46%). Ninety of the 143 pump-users (63%) had at least 1 site
with a currently visible dermatological condition that was related to
the device: 26% eczema, 23% red/blue dots and 13% dry wounds. Of
83 patients using a sensor, 79% had experienced dermatological com-
plications in the past, most frequently itching (70%), eczema (46%),
and wounds (33%). 46% of sensor-users indicated a current dermato-
logical complication at one or more locations, including eczema (36%)
and dry wounds (11%). The patients rated sensor-related dermal
issues as significantly worse than those associated with pumps. The
authors concluded that dermatological complications can be a serious
problem in treating paediatric and adolescent patients with diabetes
medical devices.?

In a 5-month follow-up study from these investigators, 81% of
138 patients from the original study continued to have dermatological
complications at follow-up. Patients perceiving dermatological compli-
cations as a greater problem were found to have lower health-related
quality of life.?2

In a similar online questionnaire study by the same authors among
118 adult patients, 117 were currently using a pump and 48 wore a
sensor. Ninety-three of 117 pump users (79%) had previously experi-
enced dermatological complications of their device(s) at some point;
for the sensor users the percentage was 71. ltch was the most com-
mon symptom, whereas eczema and wounds were the most common

complications in both groups. More than one-third of the patients

currently had dermatological complications that were associated with
using either the pump (34%) or the sensor (35%). The duration of the
skin lesions had been more than a week for 60% of the reactions. Of
these lesions, eczema was the most frequent, especially for users
of sensors. The authors concluded that dermatological complications
associated with using pumps or sensors are a significant problem for
adult patients with T1D.?*

In a 4-months follow-up study by the same investigators, even
higher percentages of dermatological complications were found: 65%
for pumps and 74% for sensors. In many individuals, the skin problems
found in the original study had persisted. Again, itching was by far the
most prevalent symptom, and eczema was reported by 17% of pump
and 25% of sensor users. Within the previous 4 months, 42 (38%) of
the 111 pump users had changed their pump earlier than recom-
mended because of one or more skin problems. At the time of follow-
up, 46% of the pump users and 37% of the patients using a sensor
had visible skin problems. It was shown that the skin problems were
associated with increased disease burden from diabetes-specific
distress.?®

Several other recent studies also found high frequencies of
adverse cutaneous reactions to diabetes medical devices (currently or
previously): 60%,%° 51%,27 42%,2® and 40%.%° It should be realised
that these studies are very difficult to compare because of (major) dif-
ferences in study design.

Nineteen observational studies and intervention trials that
have reported on cutaneous complications from glucose sensors
up to January 14, 2019 have been assessed in a systematic
review.!” The cutaneous complication event rate was 0.13-0.15
for every week of wear-time, indicating one event every 8 weeks.
Reported occurrence varied considerably between trials with
higher rates when researchers inspected the site (1.4 events per
week of wear time) than when patient reported adverse events
(0.04 events per week of wear-time). The most common cutaneous
reaction was erythema (55%), followed by itching/pruritus (11%)
and induration (9%). The studies reported more adhesive or wear-
associated cutaneous complications (80%) (e.g. erythema and itch)
than direct insertion-related complications (20%) (e.g., bruising or
bleeding). As to severity: 79% of cutaneous complications were
rated as mild, 20% were moderate, and only 1.5% were severe.
Data from observational studies indicated that more than 70% of
participants have experienced cutaneous complications related to
sensor used at some point, with itch, eczema, and insertion
wounds as the most common. Few participants in these trials
ceased the use of their sensor due to these complications.?” The
authors concluded that the incidence rate of reported cutaneous
complications with sensor use is low. However, they also sug-
gested that the incidence rate is likely an underestimate of the true
real-world incidence. To support this possibility, the authors
pointed at the 2 studies of Berg et al.?*2°: ‘the data from observa-
tional studies indicate a likely high prevalence of experiencing
cutaneous complications’.t”

The frequency of ACD in patients using sensors or pumps will be

discussed in part 2 of this review article.
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4 | ALLERGIC CONTACT DERMATITIS

4.1 | Introduction

Allergic contact dermatitis is the most frequently reported adverse
cutaneous effect of diabetes medical devices. All sensors and pumps
are fixed on the skin for 3 to sometimes 14 days, for which the use of
strong adhesives, which may contain acrylates, is a necessity. There-
fore, the emergence of cases of ACD to sensors was anticipated.”
Indeed, in 2016 a first case was reported, a patient who had devel-
oped ACD from ethyl cyanoacrylate in the Dexcom G4 Platinum sen-
sor.?° At that time already, many patients who had used the very
popular FreeStyle Libre sensor (FSL) presented to dermatologists with
what appeared to be an allergic reaction to the adhesive patch of the
sensor. A year later, Belgian and Swedish investigators had discovered
isobornyl acrylate (IBOA) as an allergen in FSL by performing chemical
analyses of acetone extracts of the sensor. They suspected (which
was soon confirmed) that the adhesive patch itself was not the source
of IBOA. Rather, it was suggested that IBOA had been released from
a glue used to join the top and bottom part of the sensor, and subse-
quently migrated into the adhesive patch.®! This landmark article pre-
senting 15 allergic patients, 12 of who had positive patch tests to
IBOA (of 13 tested) was the start of a long line of publications with
case reports and (large) case series of patients with ACD from FSL,
which has rightfully been termed a ‘worldwide epidemic’.* Soon other
diabetes devices also were found to contain IBOA and many publica-
tions on allergic reactions to various sensors and pumps with a large
number of culprit allergens followed, up to the present time.3? In this
chapter, all aspects of ACD from diabetes medical devices are

reviewed.

4.2 | The search for allergens that have caused
allergic contact dermatitis

Patch testing is the diagnostic method used to establish contact
allergy in patients suspected of ACD. Relevant contact allergy (identi-
fying the allergen that has caused ACD or contributed to it, either at
present or in the past) can be found only when the culprit allergen is
present in the patch test materials, which are selected on the basis of
the clinical picture, patient history, and a thorough investigation
of contact materials in the patient's personal and occupational set-
tings. Information on possible allergens in contact materials can often
be obtained from product labelling (cosmetics, pharmaceuticals, and
household products), material safety data sheets (industrial products),
or from the manufacturer. However, when the first cases of suspected
ACD to the relatively new glucose sensors used by patients with dia-
betes emerged, there was no information available on the
composition of and possible allergens in the adhesive patches and the
housings of these devices, as manufacturers do not need to disclose
the chemical composition of their products.®® In the first reported
case of ACD to the Dexcom G4 Platinum sensor, the manufacturer
provided the information upon the request from the investigators.
Next, targeted testing identified ethyl cyanoacrylate as the culprit

allergen, which was present in a glue that attached the sensor pod to
the non-skin part of the adhesive.*>® However, when patients with
possible ACD from the FSL sensor were seen in Belgium and Sweden,
the investigators contacted the manufacturer in several countries and
various affiliates and found that their requests for information on
compounds used in the production of the sensor were ‘very
unfruitful’.?

How, then, was the culprit allergen in FSL identified? When, in
Malmo, the first patient was seen with dermatitis corresponding to
the contact area of FSL, a patch test was performed with an ultrasonic
bath extract of the whole sensor. A positive reaction consistent with
an allergic morphology was noted and 20 controls were negative.
Thus, the diagnosis was ACD caused by the sensor, but what was the

allergen?®!

The discovery of IBOA as the culprit allergen was appar-
ently purely accidental: a paediatric patient in Antwerp, Belgium, with
ACD from the sensor was tested by mistake with IBOA, which was
not intended to be applied as part of the acrylate series, and this
patient had positive reactions to IBOA.# Based on this new informa-
tion, the investigators in Sweden analysed acetone extracts made
from different parts of the sensor with gas chromatography-mass
spectrometry (GC-MS) in a more targeted manner and found IBOA to
be present in all samples.®?

Since then, most chemicals present in glucose sensors and insulin
pumps causing ACD, that were shown to be culprit allergens by patch
testing, have been identified by GC-MS analyses of acetone, metha-
nol or ethanol extracts from the devices.®* That performing these
time-consuming and costly analyses®® has been a necessity is a direct
result of the appalling lack of cooperation from manufacturers in pro-
viding ingredient information of their products (will further be dis-
cussed in part 2).20313336-43 |y only a few cases have manufacturers
confirmed the presence of allergens that were identified by testing

4445 or an acrylate series (butyl acry-

the baseline series (colophonium)
late) in their diabetes device products.*®

In this paragraph, all analyses of extracts of glucose sensors and
insulin pumps reported in literature related to the subject of ACD are
summarised. Table S1 (which can be found in the Supporting Informa-
tion) shows an alphabetical list of these allergens, specifying the
devices in which they have been identified, mode of detection and
references. In most studies, the amount of the chemicals has been
quantified. These data is not shown here, as the results of the ana-
lyses are dependent on the mode of sample preparation (e.g., solvent
used, time of incubation, use of ultrasonic bath or not) and many
parameters with performing gas chromatography-mass spectrome-
try.2! Thus, a proper assessment and evaluation of the amount of
allergen identified can only be done in connection with the exact data
of how sampling and analyses were performed. This falls outside the
scope of this review and readers are advised to consult the original
publications (shown).

An alphabetical list of devices with the allergens identified in
them is shown in Table 3. A summary of chemical analyses which
were negative for specific chemicals is provided in Tables S2 and S3,
Supporting Information, both of which can be found in the Supporting
Information. It should be realised that a negative test (allergen not
identified) does not exclude the possibility that the chemical
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TABLE 3 Glucose sensors and insulin pumps and the allergens identified in these diabetes devices.?

Glucose sensor/insulin pump
Accu-chek Insight Flex infusion set
Dexcom G4 Platinum sensor
Dexcom G5 sensor

Dexcom Gé sensor

Dexcom G7 sensor

Enlite sensor

FreeStyle Libre 1 sensor

FreeStyle Libre 2 sensor
FreeStyle Navigator Il sensor

Guardian 4 sensor and adhesive

Guardian 4 sensor (transmitter part)

MiniMed Silhouette infusion set

MiniMed Quick-set infusion set

Minimed Sure-T infusion set

mylife Ypsopump Orbit infusion set

Omnipod insulin pump

Omnipod DASH pump

TouchCare A6 sensor and pump

DE GROOT ET AL.
Allergen(s) identified in these devices References
Isobornyl acrylate (IBOA) 47
Ethyl cyanoacrylate 30,48,49
4,4'-Methylene diphenyl diisocyanate (MDI) 50
Isobornyl acrylate (IBOA) 21,51,52
Methyl dehydroabietate 21
2,2'-Methylenebis(6-tert-butyl-4-methylphenol) monoacrylate 52,53
(MBPA) (from early 2020 on)
Colophonium related substances: hydrogenated resin acids and derivatives 32
Dicyclohexylmethane-4,4'-diisocyanate (DMDI)
Isobornyl acrylate (IBOA)
Butyl acrylate 46
Colophonium (rosin) 45
N,N-Dimethylacrylamide (DMAA) 54
Isobornyl acrylate (IBOA) 54,55
Methyl dehydroabietate 54
Butylated hydroxytoluene (BHT) 56
2,4-di-tert-Butylphenol 56
N,N-Dimethylacrylamide (DMAA) 57
Isobornyl acrylate (IBOA) 15,20,31,47,55,57-59
Isophorone diisocyanate (IPDI) 57
Methyl dehydroabietate 60
4,4'-Methylene diphenyl diisocyanate (MDI) 50
Butylated hydroxytoluene (BHT) 58
Isobornyl acrylate (IBOA) 31
Isobornyl acrylate (IBOA) 60
N,N-Dimethylacrylamide (DMAA) 60
1,6-Hexanediol diacrylate (HDDA) 60
4,4'-Methylene diphenyl diisocyanate (MDI) 50
Isobornyl acrylate (IBOA) 47,54
4,4'-Methylene diphenyl diisocyanate (MDI) 50
Isobornyl acrylate (IBOA) 47
4,4'-Methylene diphenyl diisocyanate (MDI) 50
Isobornyl acrylate (IBOA) Dicyclohexylmethane-4,4 diisocyanate (DMDI) 51
Colophonium (rosin) 45
N,N-Dimethylacrylamide (DMAA) 61
Di(ethyleneglycol)ethyl ether acrylate (DEGEA) 61
Dipropylene glycol diacrylate 61,62
Isobornyl acrylate (IBOA) 20,40,61,63
Tripropylene glycol diacrylate (TPGDA) 61
Colophonium derivatives 32
Colophonium (rosin) 44
Ethyl cyanoacrylate 44
Isobornyl acrylate (IBOA) 44
Methyl dehydroabietate 44

2Only data for recent glucose sensors and insulin pumps (>2015).
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TABLE 4 Chemicals in diabetes devices that have caused allergic contact dermatitis.
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Chemical Synonym/abbreviation CAS number
1-Benzoylcyclohexanol Hydroxycyclohexyl phenyl ketone 947-19-3
Butyl acrylate BA 141-32-2
Butylated hydroxytoluene BHT 128-37-0
2,4-di-tert-Butylphenol 2,4-DTBP 96-76-4
p-Carboxyethyl acrylate 2-Carboxyethyl acrylate 24615-84-7
Colophonium Rosin; colophony 8050-09-7
Dicyclohexylmethane-4,4'-diisocyanate Bis(4-isocyanatocyclohexyl)methane; DMDI; hydrogenated MDI 5124-30-1
N,N-Dimethylacrylamide DMAA 2680-03-7
Dipropylene glycol diacrylate DPGDA 57472-68-1
Epoxy resin 61788-97-4
(generic)
Ethyl cyanoacrylate ECA 7085-85-0
1,6-Hexanediol diacrylate HDDA 13048-33-4
Isobornyl acrylate IBOA 5888-33-5
Isophorone diisocyanate IPDI 4098-71-9
2,2'-Methylenebis(6-tert-butyl-4-methylphenol) 2-tert-Butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl 61 167-58-6
monoacrylate acrylate; MBPA
Methyl methacrylate MMA 80-62-6
Nickel 7440-02-0
2-Phenoxyethyl acrylate® PEA 48145-04-6
Phenoxypoly(ethyleneoxy)ethyl acrylate Phenol, ethoxylated, esters with acrylic acid; polyethylene glycol phenyl 56641-05-5

ether acrylate; PEEA

22-Phenoxyethyl acrylate was likely an allergen in cases of ACD to insulin pumps, but as yet unproven.

investigated is in fact present in the device under investigation, as the
results of chemical analyses can depend on the protocol used for

preparation of extracts and chemical analysis.

4.3 | The allergens that have caused allergic
contact dermatitis

Up to now (April 25, 2024) 18 chemicals, of which 10 are acrylates,
have caused ACD by their presence in glucose sensors, insulin pumps,
or both; they are shown in Table 4. Some of these allergens are dis-
cussed in more detail in paragraphs 4.3.1-4.3.5. Paragraph 4.3.6 gives
an overview of all allergens, the diabetes devices in which they were
present and caused ACD, numbers of patients and all relevant litera-

ture references.

43.1 | Isobornyl acrylate

Isobornyl acrylate (IBOA) (CAS number 5888-33-5; EC num-
ber 227-561-6; molecular formula C;i3H2005; IUPAC name
(1,7,7-trimethyl-2-bicyclo[2.2.1]heptanyl) prop-2-enoate; synonyms:
acrylic acid, isobornyl ester; exo-1,7,7-trimethylbicyclo[2.2.1]hept-2-yl
acrylate) (European Chemical Agency [ECHA] name)) is the isobornyl

ester of acrylic acid. Its structural formula is shown below. The com-
monly used abbreviation for isobornyl acrylate is IBOA.

HsC CHg
CHs

O
Z]A\CHQ

IBOA is an acrylate monomer that polymerises when exposed to
sources of free radicals, such as UV-radiation. It is used in many plastic
materials (used for valves, tubes lining and stoppers), adhesives, seal-
ants, coatings, paints and inks. It has excellent adhesion properties,
good chemical resistance, and low shrinkage, making it a popular
choice for use in UV-curable coatings on various substrates such as
plastics, metals, and wood. Another application is its use in pressure-
sensitive sealants.®*

IBOA was identified by chemical analyses in commercial cosmetic
samples of alkyl glucosides, and was considered to be an impurity col-

lected during the industrial process. The investigators suggested that
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IBOA may play a role as hidden allergen, explaining some cases of
allergic reactions to alkyl glucosides.®* Other investigators could not
identify IBOA in a foam dressing containing lauryl glucoside that had
caused ACD nor in glucoside materials used for patch testing that
gave positive reactions.®® The original observation of IBOA in alkyl
glucosides,®* therefore, has not yet been confirmed.

Before 2017, only a few publications had reported on ACD from
IBOA. In 1995, in Belgium, 2 women had developed ACD from an
insulin infusion set caused by IBOA present in the UV-cured glue used
to fix the needle into the plastic of the cannula (will be detailed in part
2).%% In 2013, Dutch investigators described the case of a process
operator in a factory producing glass fibres who had developed hand
eczema.®” His work involved painting glass fibres with UV-cured
paint, printing the glass fibres, covering them with an acrylate coating,
and cleaning the machines. Contact allergy to IBOA was established
as the cause of his eczema, which was a component of both the glass
fibre coating and the UV-cured ink he had contact with. The authors
also tested 14 patients known to be allergic to (meth)acrylates with
IBOA 0.3%, 0.1%, 0.033% and 0.01% in petrolatum, but none had a
positive reaction to IBOA, suggesting that IBOA does not cross-react
to other (meth)acrylates.®” The same lack of cross-reactivity was
observed in other studies (detailed in paragraph 4.3.1).8

IBOA was first highlighted as an important contact allergen in
2017, when investigators from Belgium and Sweden reported on
15 patients with type | diabetes mellitus who had severe ACD from
the glucose sensor FreeStyle Libre (FSL), which had been in use since
2015.3* Twelve of 13 patients patch tested with IBOA reacted posi-
tively to it: 11/12 to IBOA 0.1%, 10/12%-0.05%, and 9/13%-0.01%.
Results of chemical analyses showed IBOA to be present in both the
sensor housing (0.003%-0.3%, depending on the part from which
the extracts were made) and in the adhesive patch (0.006%). The ana-
lyses indicated that the adhesive patch itself may not have been the
actual source of IBOA. Rather, it was suspected that IBOA was
released from a glue used to join the top and bottom part of the sen-
sor, and that this acrylate subsequently migrated into other parts of
the sensor including the adhesive.® This was later confirmed by the
same investigators, at which time the manufacturer of the adhesive
patch confirmed that no IBOA is used in the adhesive in contact with
the skin or in the adhesive used to fix the patch to the sensor.>”¢?
The investigators also convincingly showed that it was IBOA itself
that caused the positive patch test reactions and not an impurity in
the IBOA test material.>”

Following this publication in 2017, many case series of patients
with ACD caused by IBOA from the use of the FSL sensor were
reported from Belgium (with very likely some overlap between two or
more pubIications),37*47*50*57*59'70'71 Sweden, %657 Germany,ls’72
Spain,3%® Finland,® Portugal’® and Denmark®® between 2018 and
2022. The number of patients was 4 or 5 in four studies'*?2%:3850
and 6-10 in six.3¢%157707273 There were also studies with a large
number of sensitised patients: 13,°¢ 18,%7 34,%7 51%° and 52.°° The
most important data of these case series will be presented in part 2.
In addition, a large number of single (sometimes 2 patients) case
reports of ACD from IBOA in FSL have been published.36:40->4¢69.74-92

The sudden and explosive rise of IBOA as an allergen in diabetes
devices made IBOA the 2020 American Contact Dermatitis Society
Allergen of the year.*

IBOA was also identified by chemical analyses using gas
chromatography-mass spectrometry (GC-MS) in the commonly used
glucose sensors Enlite and Dexcom G6, the patch pump Omnipod and
various other diabetic devices (Table S1, Supporting information). In
most of these, IBOA has caused cases of ACD (paragraph 4.3.6), some
from primary sensitization and others from elicitation in individuals
who had previously become sensitised to IBOA, nearly always from
the use of FSL. In the case of Omnipod (just as with the FSL sensor),
IBOA was not used in the adhesive patch (confirmed by the manufac-
turer of the patch), but dissolved from the body of the pump and sub-
sequently migrated into the adhesive part, thereby coming into
contact with the skin and causing ACD.15%3

IBOA has been by far the most frequently identified culprit aller-
gen in patients with ACD from diabetes devices, especially the FSL
sensor. At least 330 cases have been published with large numbers of
sensitised patients in individual studies. After being sensitised by
IBOA from the use of FSL, many patients subsequently suffered ACD
from other IBOA-containing diabetes devices, either from insulin
pumps (e.g., References 40,44,56,69,89, glucose sensors,%7° or both.
One individual later had an allergic reaction to a disposable blood
pressure cuff, which was found to contain IBOA.88

According to the manufacturer, from July 31, 2020 on, IBOA was
no longer present in newly produced FSL devices.”®

IBOA is not only an allergen in diabetes devices. It has recently
caused ACD from its presence in infusion sets for treating pulmonary

I°* and in various glues, used to apply

hypertension with treprostini
protective covers to smartwatches,”® to fix UV-tempered-glass screen
protectors on mobile phones”® and to attach false nails.”” A paediatric
patient previously sensitised to IBOA by (unspecified) diabetes
devices 2 years later developed dermatitis within hours of wearing a
hospital wristband. GC-MS analysis of acetone extracts showed the
presence of 38 ppm IBOA and of 2-phenoxyethyl acrylate (which
could not be tested).”® A role for IBOA in a case of ACD to ECG elec-
trodes has been suggested but was not ascertained.””

As to patch testing, at first, when IBOA was tested at 0.1% (the
usually advised test concentration for acrylates) and sometimes lower,
0.1% pet. was considered to be adequate for patch testing.3* A patch
test preparation containing 0.1% IBOA in petrolatum became com-
mercially available mid-2019 from Chemotechnique (www.
chemotechnique.se). Later, however, it was found that some patients
who had negative reactions to IBOA 0.1% pet. did have positive patch
tests to 0.3% pet., sometimes only at a late reading at D7.20-21:4452.56
Thus, it became clear that using 0.1% may have resulted in false-
negative reactions, possibly explaining some negative reactions to
IBOA observed in patients who suffered ACD from FSL. Adequate
controls have been negative to IBOA 0.3% pet. and no late reactions
suggestive of patch test sensitization have been reported.>® There-
fore, testing IBOA at 0.3% pet. may be preferable and a late reading
at D7 or D8 is necessary when reactions are negative at D3 or
D4,4456
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TABLE 5

Number of patients

Frequency of co-reactivity to SLM in patients sensitised to IBOA.

Strength of reaction to IBOA 0.1% pet.? and number and percentages of co-

Year and country positive to: reactions to SLM: P
IBOAP SLM (%) IBOA + IBOA ++ IBOA +++ IBOA 0.3%°
2022 Denmark 7 3 (43%) 2/4 (50%) 1/1 (100%) 0/2 - 20
2021 Spain 8 5(63%) 1/1 (100%) 3/3 (100%) 1/4 (25%) 36
2021 Belgium 14 7 (50%) 2/6 (33%) 4/6 (67%) 1/2 (50%) 47
2020 Portugal 8 1(13%) 73
2020 Belgium 10 5 (50%) 1/4 (25%) 3/5 (60%) 1/1 (100%) 70
2020 Sweden 13 4 (31%) 0/2 (0%) 2/5 (40%) 2/4 (50%) 0/2 - 56
2020 Sweden 6 4 (67%) 1/1 (100%) 1/1 (100%) 2/2 (100%) 0/2 - 21
2019 Sweden 10 4 (40%)° 3/3 (100%) 1/1 (100%) 41
2019 Belgium, Sweden 3 2 (67%) 2/2 (100%) 54
2019 Belgium, Sweden 5 2 (40%) 0/1 (0%) 2/3 (67%) 0/1 (0%) 57
2019 Belgium 47 30 (64%) 5/14 (36%) 21/28 (75%) 4/5 (80%) 59
2019 Finland 4 2 (50%) 39
2017 Belgium, Sweden 11 5(45%) 0/1 (0%) 49/9 (44%) 1/1 (100%) 31

3Strength of positive patch test to IBOA at second reading (D3/D4).

BIncludes only IBOA-positive patients who were also tested with the SLM in the European baseline series.

“Negative at 0.1%, positive only at 0.3% concentration (i.e. weaker allergy).
9dA fifth patient had? + reactions to SLM at D2 and D4.

In the general patch test population, positive reactions to IBOA
are infrequent, with 3 of 522 patients (0.57%) showing positive reac-
tions in a study from a university hospital in Brussels, Belgium, per-
formed between July 2019 and November 2020. All 3 had been
sensitised by using diabetes devices.'®®

References for chemical analyses of IBOA in diabetes devices can
be found in Table S1 (Supporting information), and for all reported
allergic reactions in paragraph 4.3.6. Summaries of case series of ACD
to IBOA will be provided in part 2. Summaries of case reports of aller-

gic reactions to IBOA will also be shown in part 2 of this article.

Co-reactivities in patients allergic to isobornyl acrylate

Allergic contact dermatitis from IBOA, notably from its presence in
the FreeStyle Libre sensor, has been reported in many case series, for
example, References 31,37,39,47,59,71. It was soon observed that
there was an overrepresentation of co-reactivities to the sesquiter-
pene lactone mix (SLM) in the European baseline series.®! In addition,
fairly frequent co-reactions to fragrance screening agents in the
European baselines series (Myroxylon pereirae resin, fragrance mix
1, fragrance mix 2, colophonium, and Compositae-mix) and some indi-
vidual fragrances, notably limonene and linalool hydroperoxides, were
found.*” Co-reactivities to other acrylates and methacrylates in
patients sensitised to IBOA, however, appeared to be infrequent.
These co-reactivities are detailed in the following paragraphs.

Sesquiterpene lactone mix. In a 2017 study from Belgium and Sweden,
the researchers noted a striking co-reactivity to the sesquiterpene lac-
tone mix (SLM) in patients sensitised to IBOA from the use of FSL.3!

In 11 patients with positive patch tests to IBOA, 5 (45%) also had pos-
itive reactions to the SLM, which is included in the European baseline
series, and which contains equimolar concentrations of alantolactone
(0.033%), costunolide (0.033%) and dehydrocostus lactone (0.033%).
The relevance of these positive reactions to SLM could not be estab-
lished and no explanation for the large number of positive SLM co-
reactions was provided.3? Since then, the association between IBOA
and SLM has been confirmed in many other case series of IBOA-

20,21,36,39,41,47,54,56,57,59,70,73

allergic individuals and was also reported

in single or dual case reports.”+7%77.79.83:86.101

Data on IBOA-SLM co-reactivity in case series are shown in
Table 5. In 13 studies with a total of 146 IBOA-allergic patients (range
per study 3-47, median 8), percentages of reactivity to SLM ranged
from 13 to 67, median 50, mean 50.7. For comparison, in a 2019-
2020 European study, of 8658 patients patch tested with the SLM
0.1% pet. in the baseline series, 71 (0.82%) had a positive reaction to
this screening agent for Compositae-plants.’? These data show an
obvious and unmistakable overrepresentation of SLM allergy in IBOA-
allergic individuals (p < 0.001, chi? test).

In 2019, in the largest study thus far, again from Belgium,
47 patients who had suffered ACD from FSL and who had positive
patch tests to IBOA were tested with the European baseline series
and 30 (64%) co-reacted to the SLM.>? The authors discussed several
potential mechanisms, the first option being cross-reactivity. The spa-
tial structure of IBOA and those of the three sesquiterpene lactones
(SLs) in the SLM (alantolactone, costunolide, dehydrocostus lactone)
are completely different, so they are not likely to activate the same T

cell receptor; therefore, cross-reactivity was considered to be quite
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improbable. A second possibility proposed was that enzymatic or non-
enzymatic reactions, such as autoxidation on air exposure, could result
in modifications of the chemical IBOA structure. This could, in turn,
induce the formation of a new metabolite that is able to cross-react
with SLM components, the authors hypothesized.>®

A third possible explanation was that co-sensitization results from
the presence of sesquiterpenes in the FSL glucose sensor. Therefore,
ethanolic extracts of the adhesive and the plastic covers from 2 FSL
sensors were analysed with gas-chromatography-mass spectrometry
(GC-MS). However, no alantolactone, costunolide or dehydrocostus
lactone could be detected in the extracts of the different parts of the
FSL sensor. Likewise, GC-MS failed to show any of these lactones to
be present in the IBOA used for patch testing. Conversely, no IBOA
was found in an SLM extract or in alantolactone, costunolide and
dehydrocostus lactone solutions.”” Thus, the authors concluded that
positive patch test reactions to SLM in patients sensitised to IBOA are
more likely to represent a cross-reaction than co-sensitization result-
ing from the presence of SLs in the sensor. However, it was postu-
lated that it can never be completely excluded that small amounts of
SLs might be present in the sensor, but not in sufficient quantity to
cause a reaction.>® Around the same time, the Abbott Diabetes Care
Scientific Affairs Department informed other investigators that FSL
does not contain sesquiterpene lactones.>?

The authors attributed a possible role for the co-sensitization to
camphene, which is a building block in the synthesis of IBOA and a sub-
stance found in plants containing sesquiterpene lactones. Camphene
being an impurity in IBOA and SLM might explain the simultaneous posi-
tive reactions.”® However, in a later Swedish study, 13 patients who had
developed ACD from diabetes devices and who were allergic to IBOA,
were patch tested with camphene 5% pet. and there were no positive
reactions, making the camphene hypothesis unlikely.>®

In 2022, Belgian researchers used the in vivo re-test model*® to
evaluate the possibility of cross-reactivity between IBOA and SLM.”®
This model is based on the assumption that, when a patient shows a
positive patch test to a hapten (in this case IBOA), persisting allergen-
specific T cells that reside in that particular part of the skin will pro-
voke a faster and/or stronger reaction upon re-exposure to the same
chemical, and also to a cross-reactive substance (in this case SLM).
The authors investigated a patient who had developed ACD from FSL
and who had positive patch test reactions to IBOA 0.1% and 0.3%
and a? + reaction to the SLM on D3 and D7. Six weeks later, when all
reactions had disappeared, patch tests with SLM 0.1% pet. were again
applied onto the patient's skin: one of each on the two previously pos-
itive skin test sites of IBOA (0.1% and 0.3% pet.) on the right upper
arm, and also one on the (control) left upper arm. Readings now
showed, already on D2, a strong (++) reaction to both SLM 0.1% pet.
patch tests at the sites of previous IBOA reactions, whereas on the
left upper arm (control, normal skin) SLM 0.1% pet. again only gave a
doubtful (?-+) reaction on D3, diminishing at D7.1

Thus, the reaction to SLM 0.1% pet. upon re-testing was indeed
much stronger at the previously positive patch test sites of IBOA as
compared with the same patch test performed on normal (previously

patch test uninvolved) skin. This suggests, according to the authors,

that immunological cross-reactivity to SLs indeed occurs in patients
primarily and strongly sensitised to IBOA.”® As possible mechanism
was suggested that IBOA, by rotating around single bonds, can form a
‘conformer’ displaying a chemical structure that closely mimics the
a-methylene-y-butyrolactone ring of sesquiterpene lactones. The ring
structure allows cross-reactivity between different sesquiterpene lac-
tones and, presumably, also between IBOA and SLM. The authors pre-
sented this as hypothesis as it is unknown whether (protein-bound)
IBOA will effectively behave as such in front of the T cell receptor.'°3
It would, however, also concur with observations that IBOA only
rarely cross-reacts with other acrylates.”®

According to these authors, several other observations also
favour the cross-reaction hypothesis’®:

1. concomitant sensitization to IBOA and SLM cannot be explained
by concomitant exposure: analyses have not shown SLs to be pre-
sent in the FSL sensor (the device most frequently responsible for
IBOA-sensitization) nor in the IBOA patch test material. Con-
versely, no IBOA has been identified in the SLM®?;

2. positive patch test reactions to SLM in IBOA-sensitised patients
often seem to lack relevance, potentially indicating nonrelevant
cross-reactivity;

3. in many of these patients the patch test reactivity to IBOA is more
pronounced than to SLM, suggesting that, in the event of cross-
reactivity, IBOA acts as the primary (relevant) sensitizer, whereas
SLM is only a secondary (possibly irrelevant) co-sensitizer.*””¢

Indeed, when the data of 7 of the larger data are taken together,

of 60 patients allergic to IBOA and co-reacting to SLM, in 26 (43%)

the SLM reaction was equal in strength to the IBOA-reaction and

in 34 (57%) weaker; in not a single patient was the patch test to

SLM stronger than to IBOA.21:31:3¢:47.56,59.70

We have made another observation that also supports the cross-
reaction hypothesis, but which has gained little attention: patients
with stronger reactions (++, +++) have a higher chance of co-
reactivity to SLM than patients who have a + reaction to IBOA.?* The
relevant data are summarised in Table 5, where the reactivity to SLM
is stratified according to the strength of the reaction to IBOA. In
12 studies, 34 patients had a + reaction to IBOA 0.1% pet. Of these
34, 12 (35%) co-reacted to SLM. Of 71 patients with a ++ reaction to
IBOA, 45 (63%) co-reacted to SLM and for the +++ reactors to IBOA
the percentage SLM co-reactivity was also 63 (15 positive to SLM in
24 |BOA-positive patients). The difference in SLM co-reactivity
between IBOA reactors with a + strength reaction (35%) and ++ and
also ++4+ reactions (63%) is statistically significant (p = 0.005,
chi? test).

In addition, quite strikingly, of 6 patients who were negative to
IBOA 0.1% but who did have a positive reaction to IBOA 0.3% (indi-
cating the presence of a weak sensitization to IBOA), none had a posi-
tive reaction to SLM.

On the same note, whereas in a study from Denmark of 5 patients
with a + or ++ reaction to IBOA 3 (60%) co-reacted to the SLM, of
4 additional patients who had a? + reaction to IBOA, not a single one
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reacted to SLM.?° We also found that, generally speaking, stronger
reactions to IBOA also resulted in stronger reactions to SLM. Con-
versely, there has not been a single positive reaction to SLM in IBOA-
negative patients in any of the studies reviewed for this article.

All data take together, it seems highly likely that the co-reactions
to SLM in patients allergic to IBOA are the result of cross-reactivity;

the mechanism behind this, however, is still unclear.

Fragrance markers and fragrances. In a study from Belgium, 11 patients
with positive patch tests to IBOA were also tested with limonene
hydroperoxides 0.3% and 0.2% pet. and with linalool hydroperoxides
0.5% and 1% pet. One or both fragrances were positive in 8 of the
11 (73%) patients with 6 reactions to limonene (55%) and 7 (64%) to
linalool. However, the fragrance allergy was considered to be relevant
in 3/8 (37%) only, which led the authors to suggest that
other fragrance-containing materials might be of importance,
e.g. industrially used adhesives*” In many other studies, co-
reactivities of the fragrance markers in the baseline series (Myroxylon
pereirae resin, fragrance mix 1, fragrance mix 2, and colophonium)
were observed in patients sensitised to IBOA; the results are sum-
marised in Table 6.

Taken all studies together, of 149 IBOA-patients, 32 (21.5%) co-
reacted to Myroxylon pereirae resin. For comparison: in a large-scale mul-
tinational study, 1124 of 16 980 unselected patients suspected of

TABLE 6

contact dermatitis (6.6%) had a positive reaction to MP.2%? The differ-
ence is statistically significant (p < 0.001, chi? test). Similar differences
fragrance mix 1 (13.8%
130 IBOA-positives, 6.8% in 16 928 unselected patients [p = 0.002]),
colophonium (11.1% vs. 3.3% in 81 resp. 16 994 patients [p < 0.001])
and fragrance mix 2 (16.2% vs. 3.8% in 37 resp. 17 519 patients
[p < 0.001]).

Thus, just as with the SL mix (paragraph 4.3.1), positive reactions

were seen with co-reactions in

to these 4 fragrance screening agents and probably also limonene
hydroperoxides and linalool hydroperoxides*’ are significantly over-
represented in patients sensitised to IBOA. An explanation is not
readily available, with the possible exception of colophonium
(—derivatives) in the diabetes devices' adhesives. It is not likely that
these patients, many of who are children, have been heavily exposed
to fragrances and fragrances products, which may indicate a lack of
relevance for many of these reactions. However, limonene is present
in certain types of colophonium and can also be added as tackifier to
adhesive products. This may result in sensitization and overrepresen-
tation of allergy to limonene in patients with allergic reactions to

adhesive materials.1%4

Other acrylates and methacrylates. Most patients diagnosed with ACD
from (meth)acrylates have multiple sensitizations to such chemicals
when patch tested, although they have probably not been exposed to

Frequency of co-reactivity to fragrance markers in patients sensitised to IBOA.?

Number of IBOA-allergic patients, numbers with positive patch tests to fragrance markers and

percentages (%)

Year and country References
IBOA® MP FM 1 FM 2 Colophonium
2022 Denmark 7 4(57.1%) 20
2021 Spain 8 1(12.5%) 1(12.5%) 1(12.5%) 2 (25%) 36
2021 Belgium 14 4 (28.6%) 3(21.4%) 47
2021 Sweden 2(66.7%) 1 (33.3%) 1(33.3%) 52
2020 Portugal 1(12.5%) 2 (25%) 73
2020 Belgium 10 1(10%) 1(10%) 1(10%), 70
2020 Sweden 13 2(15.4%) 1(7.7%) 2(15.4%) 1(7.7%) 56
2020 Sweden 6 1(16.7%) 1(16.7%) 21
2019 Sweden 10 1(10%) 1(10%) 1(10%) 41
2019 Belgium 47 8(17.0%) 3(6.4%) 4 (8.5%) 59
2019 Belgium, Sweden 3 1(33.3%) 2 (66.7%) 1(33.3%) 54
2019 Belgium, Sweden 2 (40%) 57
2018 France 4 2 (50%) 63
2017 Belgium, Sweden 11 2(18.2%) 3(27.3%) 31
Range percentages positive 10-66.7% 0-67% 0-33.3% 0-33.3%
Median 17.6% 14.6% 15.4% 10%
Mean 21.5% 13.8% 16.2% 11.1%

Abbreviations: FM 1, Fragrance mix 1; FM 2: Fragrance mix 2; IBOA, isobornyl acrylate; MP, Myroxylon pereirae resin (balsam of Peru).
Individual fragrances such as linalool and limonene hydroperoxides are not included in this table, as the total number of patients tested with it are usually

not mentioned.

BIncludes only IBOA-positive patients who were also tested with the European baseline series.
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TABLE 7 Frequency of co-reactivity to (meth)acrylates in patients sensitised to IBOA.
Year and country Nr. pat. Nr. pat. Positive (meth)acrylates and comments References
IBOA pos? (M)A pos. (%)
2021 Spain 8 1(13%) HPMA, HDDA, HEA, bis-EMA, THFMA 36
2021 Belgium 14 2 (14%) MMA, TREGDMA 47
2020 Portugal 8 0 73
2020 Belgium 10 2 (20%) BA, EA, HEA 70
2020 Spain 5 1(20%) MMA 38
2020 Sweden <) 0 One reaction to ethyl cyanoacrylate, which 21
is known not to cross-react to or from
(meth)acrylates
2020 Sweden 13 1(8%) 2-carboxyethyl acrylate 56
2019 Belgium, Sweden 3 0 54
2019 Germany 5 1 (20%) HEA 15
2019 Belgium 48 14 (29%) 8 reactions to EA and 3?7+ reactions to EA; 59
see text for more data
2019 Finland Max. 35 4 (min. 11%) All had previously used nail cosmetics 39
2018 France 4 1(25%) HEA, EA, HEMA,; previously used nail 63
cosmetics without dermatitis
2017 Belgium, Sweden 9 1(11%) HPA 31

Abbreviations: BA, butyl acrylate; bis-EMA, 2,2-bis(4-[2-Methacryloxyethoxy]phenyl)propane; EA, Ethyl acrylate; EHA, etylhexyl acrylate; HDDA,
1,6-Hexanediol diacrylate; HEA, hydroxyethyl acrylate; HEMA, 2-hydroxyethyl methacrylate; HPA, hydroxypropyl acrylate; HPMA, 2-hydroxypropyl
methacrylate; MMA, methyl methacrylate; THFMA, tetrahydrofurfuryl methacrylate; TREGDMA, triethylene glycol dimethacrylate.

2Includes only IBOA-positive patients who were also tested with a (meth)acrylate series.

all of the positive compounds. Most often, the finding of multiple pos-
itive reactions is explained as the result of cross-allergy. Indeed, it is
generally acknowledged that primary sensitization to methacrylates
may result in both methacrylate and acrylate cross-sensitization. Con-
versely, patients sensitised to acrylates may cross-react to other acry-
lates but are unlikely to show cross-sensitization to methacrylates.©>
IBOA appears to be an exception to the rule. Many authors have

observed an absence of co-reactivity to other (meth)acrylates?*>473

31:3638,39.47.5670 in patients sensi-

or a low number of such reactions
tised to IBOA. Also, in a number of cases where co-reactions were
present, the patients had used acrylate-containing nail cosmetics act-
ing as a possible source for these sensitizations.?¢

In a large study from Belgium, 48 patients with ACD from FSL
and reacting to IBOA were tested with a (meth)acrylate series.>® Only
14 (29%) had positive reactions to one or more other (meth)acrylates.
In 12 of these individuals (86%), ethyl acrylate (EA) reacted positively;
in 8/12 (67%) EA was the only positive reaction. In 2 EA-positives,
there was only one other positive patch test, to triethylene glycol dia-
crylate and ethylhexyl acrylate, respectively. One EA-allergic patient
co-reacted to 4 acrylates and one methacrylate. The last patient co-
reacted to 6 acrylates and 3 methacrylates. It was not mentioned
whether the 2 patients with multiple (meth)acrylate reactions, both
women, had used nail cosmetics or had other sources of (meth)acry-
late exposure. The authors did not discuss these results.>’

The data on cross-reactivity to (meth)acrylates in other case
series of patients allergic to IBOA are summarised in Table 7. In all

studies, no or occasional co-reactions were observed and in such

patients, mostly to a few (meth)acrylates only. Indeed, of the
168 IBOA-allergic patients presented in these studies, only 28 (17%)
had one or more co-reactions.

These data provide a strong indication that IBOA has
a very limited tendency for cross-reactions to other acrylates or
methacrylates, notwithstanding the large share of positive reac-
tions to ethyl acrylate in patients with co-sensitizations in one
large study.®® It has been suggested that the special branched
structure of IBOA may prevent cross-reactivity to other
acrylates.”®

Concerning the reverse situation, IBOA cross-reacting from other
(meth)acrylates: in previous studies no such co-reactions to IBOA
have been observed in—at least 70—patients primarily sensitised to

other (meth)acrylates.®”7¢10¢

2-Phenoxyethyl acrylate. In a 2021 study from Belgium,*” of
14 patients sensitised to IBOA from the use of the FSL sen-
sor 9 (60%) co-reacted to 2-phenoxyethyl acrylate 0.1% pet. Ana-
lyses with gas chromatography-mass spectrometry (GC-MS) of
acetone extracts of several brands of glucose sensors (incl. FSL)
and insulin infusion sets (n = 6) failed to identify 2-phenoxyethyl
acrylate (PEA) in any device. However, IBOA was found to
be a contaminant of the in-house prepared PEA patch test

preparation.*”

Other (meth)acrylates. Four patients allergic to IBOA were patch tested
with isobornyl methacrylate (IBOMA) 2% pet. and 2 (50%) had
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positive reactions to IBOMA. These were considered to be cross-

reactions to isobornyl acrylate.*”

43.2 | Colophonium and colophonium derivatives
Colophonium (colophony, rosin) (CAS number 8050-09-7; EC-number
232-475-7) is the non-volatile residue left after distilling off the vola-
tile oil from the oleoresin obtained from Pinus palustris and other spe-
cies of Pinaceae. Colophonium is composed of about 90% resin acids
(mainly abietic acid) and 10% neutral substances, of which the resin
acids and their auto-oxidation products are the allergenic compo-
nents. Colophonium and their derivatives (modified colophonium) may
be used in adhesives, sticky tapes, hydrocolloid dressings, cosmetics,
medical devices, paper products, printing inks, polishes, stringed
instruments, paints, lacquers, soldering products and many other
industrial and consumer applications. The substance is routinely
tested at 20% pet. in the European Baseline series (EBS). Derivatives
of colophonium may have a different allergenic potential from unmo-
dified colophonium and some (e.g., abietic acid, hydroabietyl alcohol)
may not always cross-react to colophonium tested in the EBS, possi-
bly resulting in missed cases of sensitization to colophonium when
the derivatives are not tested separately.52#¢107:108 |n 2019-2020,
the frequency of positive patch test reactions to colophonium in
13 European countries ranged from 0.6% to 5.25% (median 3.6%),
mean 3.3% (564 positives in 16 994 patients patch tested). %2

ACD from colophonium or modified colophonium has been
reported in patients using the Dexcom G7 sensor, Enlite sensor, the
Omnipod pump, the Omnopid DASH®? the FSL sensor and the Touch-
Care A6 pump and sensor. The allergenic materials were present in
the adhesive patches as confirmed by the manufacturers of Enlite,*
Omnipod*® and TouchCare A6.** Colophonium (derivatives) have
never been present in the adhesive patch of FSL (info from manufac-
turer).3’ The colophonium-derivative methyl dehydroabietate has
been identified by gas chromatography-mass spectrometry (GC-MS)
analyses of acetone extracts in Enlite (adhesive patch and housing),>*
FSL (housing)’* and TouchCare Aé sensor and pump (adhesive

patches and housings).**

Colophonium-related substances, including
hydrogenated resin acids and derivatives have been found in the Dex-
com G7 sensor.>?

ACD from (modified) colophonium has been most frequently
observed with the Enlite sensor (n = 20): a case series of (a maximum

46 3 series of 5, a series of 4% and 5 single case

of) 6 patients,
reports.3845547084 There are 3 single case reports of ACD from colo-
phonium in the Omnipod pump,***>77 2 patients with ACD from
modified colophonium in the FSL sensor’* and in the Dexcom G7 sen-
sor®? and one case report each of TouchCare A6** and Omnipod
DASH.** Most of these patients reacted to patch testing with colo-
phonium 20% in the baseline series, sometimes accompanied by reac-
tions to colophonium-derivatives.

In some patients, however, colophonium in the EBS was negative
or? +, and the diagnosis of contact allergy to (modified) colophonium

was based on positive patch test reactions to derivatives of

colophonium. A patient with ACD from FSL had a doubtful reaction to
colophonium but strongly positive patch tests to the derivatives
methyl rosinate (methyl ester of rosin), methyl hydrogenated rosinate
(hydrogenated rosin ester) and methyl dihydroabietate (hydrogenated
methy! abietate).”* Another patient with ACD from Enlite had a nega-
tive reaction to colophonium in the baseline series, but positive reac-
tions to its derivative hydroabietyl alcohol (Abitol) and to a piece of
the adhesive patch, known to contain modified colophonium.®? A
3-year-old girl with ACD from Enlite was negative to colophonium,
but positive to ‘Enlite sensor’, ‘plastic support of sensor, grated’ and
modified colophonium (not specified).3¢ In a woman aged 41 with
ACD from Enlite, colophonium was positive at D2 but negative at D4.
However, she did react to the derivative glyceryl rosinate and to the
colophonium-containing adhesive patch.>* A 9-year-old boy with
ACD from Dexcom G7, which was found to contain colophonium-
related substances including hydrogenated resin acids, did not react
to colophonium 20% pet., had a weakly positive reaction to colopho-
nium 60% in Softisan, but strong reactions to methyl hydrogenated
rosinate and glyceryl hydrogenated rosinate.3?

Summaries of case series and case reports of ACD to sensors and
pumps/infusion sets caused by colophonium will be shown in part
2 of this article.

433 | N,N-Dimethylacrylamide
N,N-Dimethylacrylamide (CAS number 2680-03-7; EC number 220-
237-5; molecular formula CsHyNO; IUPAC name N,N-dimethylprop-
2-enamide; synonyms: 2-propenamide, N,N-dimethyl-; acrylamide,
N,N-dimethyl-) is the acrylamide derivative that conforms to the
structural formula shown below. The commonly used abbreviation for
N,N-dimethylacrylamide is DMAA. It is used (like IBOA) as monomeric
diluent in ultraviolet-curing adhesives.>” It also has applications as (co-
)polymer in coatings, synthetic fibres, and drug-releasing hydrogels.>’
DMAA is often used in combination with IBOA.>”

O
HZCQ)kN,CH;;
CHs

In 2019, N,N-dimethylacrylamide (DMAA) was found to be an
important sensitizer in the FreeStyle Libre sensor, in which DMAA
had previously been identified by gas chromatography-mass spec-
trometry (GC-MS).>” Of 7 patients suspected of ACD to FSL, all 7 had
positive patch tests to DMAA 0.1% pet. and 6 of these also reacted to
IBOA. Further analyses with GC-MS indicated the presence of DMAA
in the sensor housing and IBOA in the sensor housing and the adhe-

sive patch.
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The authors considered it likely that IBOA and DMAA origi-
nated from an adhesive used to join the top and bottom parts of
the plastic cover of the sensor. The high number of concomitant
reactions to DMAA and IBOA was explained by simultaneous expo-
sure to these substances during use of the sensor. Structural differ-
ences between the chemicals made cross-reactions between them
unlikely.”

In Sweden, 4 more cases of ACD from DMAA in FSL were
detected by testing with a medical device series containing DMAA
0.1% and 0.3% pet. One of these sensitizations was detected only by
testing with 0.3% and a late reading at D7. It was advised to add the
0.3% pet. concentration of both DMAA and IBOA to a medical device
test series and it was stressed that a reading on D7 is necessary.>®

In Finland, one patient who had an allergic reaction to the
Enlite sensor reacted positively to a patch test with DMAA 0.1%
pet.3%: the presence of DMAA in this sensor has been shown.>* A
patient from France who had ACD from the Omnipod insulin pump
had positive patch tests to DMAA 0.1% and DPGDA. Chemical
analyses showed DPGDA to be present in the adhesive and in the
pump, but no DMAA %2 Investigators from Sweden, however,
identified (but not quantified) DMAA in an Omnipod device. One
of their female patients with ACD from an Omnipod had positive
patch tests to DMAA. It was uncertain whether she had been sen-
sitised to DMAA in Omnipod (of which some batches contain
DMAA and others not) or that she had previously been sensitised
to DMAA from using FSL.%*

Before these publications of contact allergy to DMAA in diabetes
devices, there appears to have been only one report of contact allergy
to DMAA. This concerned a female worker at a factory assembling
surgical needles, who had developed a blistering rash on the dorsa of
her fingers and chin 2-3 months after a new adhesive had been intro-
duced in the production process. Patch tests were positive to the
adhesive 0.1% pet. and to 2 of its ingredients, DMAA (tested at 1%

pet.) and tetrahydrofurfuryl acrylate (tested at 0.2% pet.).*%?

434 | Otheracrylates
B-Carboxyethyl acrylate (2-Carboxyethyl acrylate)
B-Carboxyethyl acrylate (preferred name: 2-carboxyethyl acrylate;
CAS number 24615-84-7; EC number 246-359-9; molecular formula
C¢HgOg4; IUPAC name 3-prop-2-enoyloxypropanoic acid; synonyms:
2-propenoic acid, 2-carboxyethyl ester) is the carboxyethyl ester of
acrylic acid. Its structural formula is shown below.

2-Carboxyethyl acrylate is used in the preparation of DNase
enzyme derivatives that act as potent preventative material of bacte-
rial adhesion and biofilm formation in biomaterials. 2-Carboxyethyl
acrylate is also used for the production of acrylic, vinyl acrylic, and
styrene acrylic polymers, which are distinguished by their low glass
transition temperatures (<30°C) as homopolymers. They are charac-
terised by greater elasticity, as well as improved adhesion.*1° Its func-

tion in cosmetics is described as ‘nail conditioning’.

O @)
HQC%O/\)J\OH

Contact allergy to p-carboxyethyl acrylate has caused ACD from
its presence in a glue used to fix the needle into the plastic of 3 insulin
infusion sets in 2 patients from Belgium. Both women were also allergic
to 3 other ingredients of the glue, IBOA, phenoxypoly(ethyleneoxy)ethyl
acrylate and 1-hydroxycyclohexyl phenyl ketone (1-benzoylcyclohexa-
nol).%¢ Details will be presented in part 2.

In Poland, 40 of 80 workers of a plant manufacturing television
(TV) receivers developed work-related eczema of the hands several
weeks to months after the introduction of a new acrylic glue contain-
ing 25%-50% IBOA, 10%-25% acrylic acid, 10%-25% N,N-
dimethylacrylamide and 2.5% p-carboxyethyl acrylate. When all
80 were patch tested, 12 had positive reactions to a total of 35 acry-
lates, most frequently TREGDA (n = 10) and DEGDA (n = 9). Three of
the patients reacted to acrylates in the glue, all to p-carboxyethyl
acrylate 0.1% pet., whereas none had positive reactions to IBOA 0.1%
pet. Two of these 3 had chronic hand eczema, but the third had no
skin lesions.%¢

In a series of 15 patients who had developed cutaneous reactions
to FSL sensors and who were tested with a medical device series con-
taining 2-carboxyethyl acrylate 0.1% pet., one individual reacted to
IBOA, N,N-dimethylacrylamide (DMAA) and to 2-carboxyethyl acry-
late. All 3 reactions were positive at D7 only. IBOA and DMAA are
known to be present in FSL, but the presence of 2-carboxyethyl acry-
late has not been confirmed and the significance of this sensitization,

therefore, was unclear.>®

Dipropylene glycol diacrylate

In 2022, Swedish investigators presented three patients who had
developed ACD from dipropylene glycol diacrylate (DPGDA) in the
Omnipod insulin pump.®* All patients tested positive to 0.1% DPGDA
in pet., two of them additionally to a 0.01% concentration and one
had positive reactions to the adhesive patch of the pump and 2 ace-
tone extracts. DPGDA was found in the extracts of the adhesive
patches removed from the pump and from the Omnipod pumps them-
selves brought in by the patients, in estimated concentrations corre-
sponding to a total amount of 1-10 ug in both the adhesive patches
and in pumps.

An Omnipod pump from an earlier batch (expiry date September
2020) contained tripropylene glycol diacrylate, IBOA, N,N-dimethyla-
crylamide, di(ethyleneglycol)ethyl ether acrylate (DEGEA) but no
DPGDA. One of the patients reacted positively to all of these aller-
gens except DEGEA, which was not tested. It was concluded that the
contents of Omnipod have changed over time and that, when ACD to
medical devices is suspected, DPGDA 0.1% pet. should be tested. Fur-
ther information will be provided in part 2. Soon thereafter, another
patient with ACD from DPGDA was reported from France (details in

part 2 of this article).?
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Previously, occupational ACD to DPGDA in UV-cured paint had
been reported in a 24-year-old male student, who worked temporarily
in a paint factory on the canning of different types of paint.?*!
Another worker in a paint factory developed a chemical burn from
paint containing DPGDA on his working shoes, followed by active
sensitization resulting in occupational ACD on the patient's dorsal
feet.'*? Finally, a paint laboratory worker in Finland developed ACD
from DPGDA in a UV-lacquer containing 34% DPGDA as shown by

chemical analysis.**®

Ethyl cyanoacrylate

Ethyl cyanoacrylate and other cyanoacrylates such as octyl cyano-
acrylate are strong adhesives used for a variety of medical, indus-
trial, and cosmetic applications. They are well-known causes of
ACD, especially from their presence in cosmetic glues (for nails,
hair- and eyelash extensions), anaerobic sealants and topical skin
adhesives for wounds.***"*%? Ethyl cyanoacrylate present in the
Dexcom G4 platinum glucose sensor caused ACD in
7 patients.30:3841.48:49.120 gy mmaries of these case reports will be
shown in part 2 of this article.

Ethyl cyanoacrylate was found in extracts of both the adhesive
part and the sensor part of the device, with approximate contents of
0.9 mg/cm? in the adhesive patch and 1.0 mg/cm? in the sensor.*’ Its
presence in the device was confirmed by the manufacturer; ethyl
cyanoacrylate-containing glue was used to attach the sensor pod to
the adhesive non-skin part of the adhesive patch.3°*84? In response
to numerous reports of intolerance to the Dexcom G4 Platinum, the
company changed the manufacturing process by not using glues any-
more but by attaching the sensor to the dermal patch using a thermic
heat staking technique, thus avoiding the triggering intermediate
adhesive layer.5” 121 Apparently, sensors produced after August
15, 2016 no longer contained ethyl cyanoacrylate.*® The later ver-

sions (Dexcom G5 and Gé) never contained ethyl cyanoacrylate.

1,6-Hexanediol diacrylate

1,6-Hexanediol diacrylate (HDDA) is a difunctional acrylate ester
monomer used in the manufacture of polymers. It is particularly useful
in ultraviolet light-cured applications, including adhesives, sealants,
alkyd coatings, elastomers, and photopolymers. In photo-cured inks,
HDDA improves adhesion, hardness, abrasion and heat resistance.1??
HDDA was the cause of ACD in a patient who had used the Medtro-
nic Guardian 4 sensor. This device consists of two parts—a sensor and
a reusable transmitter. By gas chromatography-mass spectrometry
(GC-MS), IBOA and N,N-dimethylacrylamide (DMAA), but no other
acrylates, were observed in the extract of the sensor and in the
extract of its adhesive patch. In the extract of the transmitter, how-
ever, 1,6-hexanediol diacrylate was identified in an estimated concen-
tration of 5-10 ppm in 0.5 mL extract. The patient had positive patch
tests to HDDA 0.1% pet. and 0.03%, 0.01%, 0.003% and 0.001% in
acetone, the acetone extract and a large number of acrylates.
The manufacturer confirmed the presence of HDDA in the transmit-

ter, which was coated with a UV-cured lacquer containing HDDA.*?%

Cases of ACD to HDDA have (among others) been caused by its

presence in a hospital wristband,?* printing materials,2°

127

in ostomy
pouch adhesives*?® and pipe relining resins.

A lab worker in a paint factory was sensitised by accidental con-
tact with pure HDDA?® and a worker in the printing industry was
also sensitised after a single accidental exposure.'?> Extensive contact
with HDDA in UV-cured printing inks in a patient allergic to HDDA
resulted in ACD progressing into erythema multiforme and later toxic

epidermal necrolysis, which was confirmed by histopathology.*?°

2,2'-Methylenebis(6-tert-butyl-4-methylphenol) monoacrylate
2,2'-Methylenebis(6-tert-butyl-4-methylphenol) monoacrylate (CAS
number 61167-58-6; EC number 262-634-6; molecular formula
CosH3403; IUPAC name [2-tert-butyl-6-[(3-tert-butyl-2-hydroxy-
5-methylphenyl)methyl]-4-methylphenyl] prop-2-enoate; synonyms:
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-
4-methylphenyl acrylate; 2-(1,1-dimethylethyl)-6-[[3-(1,1-dimethy-
lethyl)-2-hydroxy-5-methylphenyl]methyl]-4-methylphenyl  acrylate
[ECHA (European Chemical Agency) name]) is the acrylate that con-
forms to the structural formula shown below. The commonly used
abbreviation for this chemical is MBPA.

0

CH\)J\
X No OH

(CH3)3C O O C(CHa)3

CHgz CHs

MBPA is a heat and light stabiliser and an antioxidant used in a
wide range of adhesive, plastic, and elastomer materials. This sub-
stance is an effective alkyl radical scavenger, which property is espe-
cially useful in processes at high temperatures and in low oxygen
environments, such as during the initial mixing of adhesives.>?

Contact allergy to MBPA was first reported by Swedish investiga-
tors in 2021.%2 They investigated 3 patients with suspected ACD to
the Dexcom Gé sensor. Updated chemical analyses had shown the
presence of a new acrylate in this sensor, 2,2’ -methylenebis(6-tert-
butyl-4-methylphenol) monoacrylate, which had not been observed in
previous analyses of older Dexcom Gé sensors. When patch tested,
all 3 were positive to MBPA 0.3% pet.>? The manufacturer reported
that the Dexcom Gé6 sensor had a new, stronger adhesive since
October 2019*%° (not mentioning the presence of specific chemicals).

Shortly thereafter, another 4 patients with ACD from MBPA in
Dexcom G6 were reported from Sweden3! and 5 from Germany.>®
In the Swedish study, 2 of 4 sensitizations were identified only when
MBPA was tested at 1.5% pet. (20 controls negative, no late-
appearing reactions).’*? In the study performed by German investiga-

tors, MBPA was also identified in extracts of the sensor but not in
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Dexcom G6 devices from 2018 and 2019. This confirmed the aller-
genic role of MPBA in the adhesive of the 2020 series of Dexcom, the
composition of which had changed for better fixation to the skin.>®

More detailed information on the patients allergic to MBPA in
Dexcom Gé and investigations will be presented in part 2 of this
article.

Methyl methacrylate
Contact allergy to methyl methacrylate present in the catheter of an
insulin pump caused ACD in one woman in an early report from

Italy.*®2 Details will be presented in part 2.

Phenoxypoly(ethyleneoxy)ethyl acrylate
Phenoxypoly(ethyleneoxy)ethyl acrylate (CAS number 56641-05-5;
EC number 500-133-9; molecular formula (C,H40),CoHgO,; IUPAC
name not available; synonyms: phenol, ethoxylated, esters with acrylic
acid; polyethylene glycol phenyl ether acrylate) is the acrylate that
conforms to the structural formula shown below. The commonly used
abbreviation for this chemical (mixture) is PEEA.

o)
H.C*™ @)

O n

Contact allergy to phenoxypoly(ethyleneoxy)ethyl acrylate has
caused ACD from its presence in a glue used to fix the needle into the
plastic of 3 insulin infusion sets in 2 patients from Belgium. Both
women were also allergic to 3 other ingredients of the glue, IBOA,
1-hydroxycyclohexyl phenyl ketone (1-benzoylcyclohexanol) and
B-carboxyethyl acrylate.®® Details will be presented in part 2 of this
article. Six years later, in Finland, another patient also reacted to a
glue in an insulin set, almost certainly the same glue as in the study
from Belgium.'®2 The patient reacted to 1 of the components of the
glue, provided by the manufacturer, phenoxypoly(ethyleneoxy)ethyl
acrylate (PEEA) 0.01% pet. By gas chromatography-mass
spectrometry (GC-MS) analysis PEEA was found to contain around
10 phenoxyethoxyethyl acrylates of different chain length. These
comprised 0.9% 2-phenoxyethyl acrylate, 13% phenoxy(mono)ethox-
yethyl acrylate (which is also 2-phenoxyethyl acrylate) and 81% phe-
noxyethoxyethyl acrylate oligomers: 22% phenoxydiethoxyethyl
acrylate, 21% phenoxytriethoxyethyl acrylate, and 38% phenoxypo-

lyethoxyethyl acrylate.**3

2-Phenoxyethyl acrylate
2-Phenoxyethyl acrylate (CAS number 48145-04-6; EC number
256'360'6, C11H1203; IUPAC name

2-phenoxyethyl prop-2-enoate; synonyms: 2-propenoic acid,

molecular  formula

2-phenoxyethyl ester; ethylene glycol phenyl ether acrylate; phenyl

cellosolve acrylate) is the 2-phenoxyethyl ester of acrylic acid. Its
structural formula is shown below. The commonly used abbreviation

for 2-phenoxyethyl acrylate is PEA.
@)
Hgovko/\/o

2-Phenoxyethyl acrylate (PEA) serves as a monomer in the syn-
thesis of multifunctional polymers, which may have specific properties
such as shape memory behaviour and responsiveness to external stim-
uli. It is also used to dilute low-molecular-weight compounds and
adjust the viscosity of systems; in addition, PEA participates in light-
curing processes, affecting the speed of polymerisation.*3*

There are no proven cases of ACD to diabetes devices caused
by PEA. However, the substance phenoxypoly(ethyleneoxy)ethyl
acrylate (PEEA), which has caused ACD in insulin pumps in

3 patients®®133

contained nearly 14% 2-phenoxyethyl acrylate
(paragraph 4.3.4). As it are the monomers in acrylates that are the
usual allergens, it is likely that PEA was the sensitizer or one of the
sensitizers in PEEA.

Co-reactivity to PEA in patients sensitised to IBOA was not the
result of cross-allergy, but was caused by the contamination of
the IBOA test substance with PEA*’ (paragraph 4.3.1.1.3). A
patient who had become sensitised to dipropylene glycol diacrylate
in the Omnipod pump co-reacted to many other acrylates including
2-phenoxyethyl acrylate 0.1% pet., which was probably a cross-
reaction.®?

PEA was, however, one of the allergens in a case of ACD to
another medical device, a disposable blood pressure cuff, in a patient
with diabetes. The other allergen was IBOA, to which the patient had
previously become sensitised by the use of the FSL sensor. Both IBOA
and PEA were identified in the cuff by gas chromatography-mass

spectrometry (GC-MS).88

4.3.5 | Other culprit allergens

1-Benzoylcyclohexanol (1-hydroxycyclohexyl phenyl ketone)
1-Benzoylcyclohexanol (preferred name: 1-hydroxycyclohexyl phenyl
ketone); CAS number 947-19-3; EC number 213-426-9; molecular
formula C43H1405; IUPAC name (1-hydroxycyclohexyl)-phenylmetha-
none) is the ketone that conforms to the structural formula shown
below. 1-Hydroxycyclohexyl phenyl ketone is used as photo-initiator
in UV-radiation-curable technologies which are used in various appli-
cations and industry branches such as printing and packaging, coat-
ings, furniture, flooring and adhesives.'® Its function in cosmetics is

described as ‘binding’.
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Contact allergy to 1-hydroxycyclohexyl phenyl ketone has caused
ACD from its presence in a glue used to fix the needle into the plastic
of 3 insulin infusion sets in 2 patients from Belgium. Both women
were also allergic to 3 other ingredients of the glue, IBOA,
phenoxypoly(ethyleneoxy)ethyl acrylate and p-carboxyethyl acry-

late.®® Details will be presented in part 2.

Butylated hydroxytoluene

Butylated hydroxytoluene (BHT) is an antioxidant used in food, cos-
metics, metalworking fluids, pharmaceuticals, paints, glues, fillers,
adhesives, plastic materials and many other products. It is a
well-known, albeit not very frequent, cause of ACD, especially in cos-
metics.3¢ One patient allergic to the FSL sensor, who was patch test-
negative to IBOA and N,N-dimethylacrylamide (DMAA) (the usual
allergens in FSL) reacted to BHT 2% pet. and the structurally related
2,4-di-tert-butylphenol  (2,4-DTBP) 1% pet. Gas
chromatography-mass spectrometry (GC-MS) analyses indicated the

chemical

presence of both compounds in FSL. The authors suggested that a pri-
mary sensitization to BHT with a cross-allergy to 2,4-DTBP or vice
versa could explain the simultaneous positive reactions.’® However,
as both chemicals are present in FSL, the allergy to BHT and
2,4-DTBP may also have been the result of concomitant sensitization.

2,4-di-tert-Butylphenol

2,4-di-tert-Butylphenol  (CAS number 96-76-4; EC number
202-532-0; molecular formula Cy4H»,0; IUPAC name 24-
ditert-butylphenol; synonyms: phenol, 2,4-di-tert-butyl-; 2,4-di-tert-
butylhydroxybenzene) is the phenolic compound that conforms to the
structural formula shown below. The commonly used abbreviation for
this chemical is 2,4-DTBP.

OH  CH
(I:_CHS
CHs
CH3—(F—CH3
CHj

2,4-di-tert-Butylphenol (2,4-DTBP) is used industrially as UV sta-
biliser and an antioxidant for hydrocarbon-based products ranging
from petrochemicals to plastics. lllustrative of its usefulness, it pre-

vents gumming in aviation fuels. It is also a natural product found in

Bacillus subtilis, Streptomyces parvulus, and other organisms.*>” A

PubMed search for contact allergy to this compound retrieved zero
hits. One patient allergic to the FSL sensor, who was patch test-
negative to IBOA and N,N-dimethylacrylamide (DMAA) (the usual
allergens in FSL) reacted to 2,4-DTBP 1% pet. and to the structurally
related chemical BHT 2% pet. Gas chromatography-mass spectrome-
try (GC-MS) analyses indicated the presence of both compounds in
FSL. In another 60 patients with adverse skin reactions to medical
devices patch tested with 2,4-DTBP no positive, doubtful, or irritant
reactions were observed. The authors suggested that a primary sensi-
tization to 2,4-DTBP with a cross-allergy to BHT or vice versa could
explain the simultaneous positive reactions.”® However, as both che-
micals are present in FSL, the allergy to 2,4-DTBP and BHT may also

have been caused by concomitant sensitization.

Dicyclohexylmethane-4,4'-diisocyanate
Dicyclohexylmethane-4,4'-diisocyanate (CAS number 5124-30-1; EC
number 225-863-2; molecular formula C;i5H2oN,O,; IUPAC name
1-isocyanato-4-[(4-isocyanatocyclohexyl)methyl]cyclohexane; synonyms:
4.4'-methylenedicyclohexyl  diisocyanate; bis(4-isocyanatocyclohexyl)
methane; 4,4’'-diisocyanato-methylenedicyclohexane; 4,4'-methylenebis
(cyclohexyl isocyanate); hydrogenated MDI) is the cycloaliphatic diisocya-
nate that conforms to the structural formula shown below. Commonly
used abbreviations for dicyclohexylmethane-4,4’-diisocyanate are (4,4')-
DMDI (from dicyclohexylmethane-4,4'-diisocyanate) and (4,4')-HMDI
(from hydrogenated MDI).

O=C=N N=C=0

Isocyanates are mainly used in the production of polyurethane
resins, which can appear in a large variety of forms and products,
including coatings for flooring, roofing, adhesives, sealants, flexible
foams, rigid foams, elastomers and binders used in paint and
lacquers.?®® Handling of isocyanates is a well-known occupational
health hazard, mainly because of the adverse effects on the respira-
tory tract. In spite of the large numbers of workers exposed and the
fact that isocyanates (including DMDI) have been found to be potent
sensitizers in the guinea-pig maximisation test (GPMT),*%8 relatively
few reports on contact allergy to dicyclohexylmethane-4,4'-
diisocyanate are found in the literature. In a company manufacturing
medical equipment, 13 patients became sensitised to DMDI in a
glue.139 Single case reports have described sensitization to DMDI in
a DMDI-charged cartridge to create resin-coated ‘3D labels’,*° and
an industrial chemical product containing 40%-70% DMDI.**! Older
literature of allergic reaction to DMDI can be found in Reference 140.

An 8-year-old boy had ACD from IBOA, colophonium-derivatives
and DMDI present in the Dexcom G7 sensor.>2 The same boy at age
6 had been reported because of problems while using the Dexcom Gé

sensor and the mylife Ypsopump insulin pump.®* He first developed
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ACD to Dexcom Gé6 and a few months later to the pump. Patch test-
ing revealed a strong sensitization to IBOA. At photographs taken on
D7 no new reactions could be identified, but on D10 a new reaction
was photographed which was interpreted to be DMDI 1% in pet. Ace-
tone extracts made from both devices were analysed by gas
chromatography-mass spectrometry (GC-MS) and IBOA was found
in all four extracts. The GC-MS analyses also indicated the presence
of DMDI in the extract made from the plastic part of the pump. It was
considered likely that the ACD was caused by IBOA, but that DMDI-
allergy may have contributed to the eczema caused by the mylife
Ypso pump. The reaction to DMDI was noticed on D10. The authors
acknowledged that this late-appearing patch test reaction may have
indicated active sensitization. On the other hand, patch test reactions
to isocyanates are known to sometimes appear late, also after the D7
reading in sensitised individuals. Unfortunately, the patient's guardian
declined further investigation, so supplementary patch testing with
DMDI to clarify this issue could not be performed.>*

In another publication, one patient with ACD from a diabetes
device (not specified) had a positive reaction to DMDI, but apparently
it was not analysed whether the culprit device actually contained

DMDI or other isocyanates.*?

Epoxy resin

Contact allergy to epoxy resin used in an insulin pump to bind the
tube (cannula) and the needle caused ACD in one patient reported in
an early study from The Netherlands.’?® Details will be presented
in part 2 of this article. Belgian investigators later stated that they had
2 similar cases of ACD from epoxy resin in the same insulin set on

record.®®

Isophorone diisocyanate

Isophorone diisocyanate (CAS number 4098-71-9; EC number
223-861-6; molecular formula Cy5H1gN>O,; IUPAC name
5-isocyanato-1-(isocyanatomethyl)-1,3,3-trimethylcyclohexane; syno-
nym: 3-isocyanatomethyl-3,5,5-trimethylcyclohexyl isocyanate) is the
aliphatic diisocyanate that conforms to the structural formula shown
below. Its commonly used abbreviation is IPDI. For general informa-

tion on isocyanates see paragraph 4.3.5.
HaC
H3C

NCO

NCO
HsC

Contact allergy to isophorone diisocyanate appears to be very
infrequent. In a retrospective study from the Finnish Institute of
Occupational Health, over a period of nearly 13 years (1998-2010),
only 9 patients were found to have had positive patch tests to IPDI,
mostly related to hardeners for polyurethane paints.**® In various

other publications, positive patch test reactions to IPDI have been

observed, but without data on specific exposure to this isocyanate
(cited in Reference 144).

In a university hospital in Belgium, the patient files of 14 patients
with suspected ACD from diabetes devices seen between November
2020 and March 2022 were reviewed.*® Four patients who had previ-
ously developed ACD from FSL (and one also from the MiniMed Sil-
houette insulin pump) had shown positive patch tests to one or more
allergens in the isocyanate series: three to 2,4-toluene diisocyanate
(TDI) 2% pet., two to 4,4'-diaminodiphenylmethane (MDA) 0.5% pet.,
one to isophorone diisocyanate (IPDI) 1.0% pet. and one to polymeric
methylene diphenyl diisocyanate (PMDI) 2.0% pet. The FSL sensors
were found to contain 34 ppm MDI and 1.2 ppm IPDI and the Mini-
Med Silhouette insulin pump 0.1 ppm MDI. Thus, only the patient
with a positive patch test reaction to IPDI had contact with the aller-
gen to which he reacted, present the FSL sensor. The authors consid-
ered this reaction to IPDI to be relevant for the ACD previously
caused by FSL in this patient.>®

In an abstract from Sweden, two patients with ACD from a diabe-
tes device (not specified) had a positive reaction to IPDI, but appar-
ently it was not analysed whether the culprit device actually

contained IPDI or other isocyanates.4?

Nickel

Contact allergy to nickel present in the needle of their infusion sets
caused severe localised ACD in two patients from Italy.'4>14¢ Details
will be presented in part 2.

4.3.6 | Summary of allergens causing allergic
contact dermatitis

Table 8 provides an overview of all allergens in diabetes devices that
have caused ACD, with the sensors or pumps in which they were pre-

sent, numbers of patients with ACD reported and references.

43.7 |
products

Allergic contact dermatitis from auxiliary

Patients using diabetes devices may also apply other products at the
device sites, which can sensitise the patient and induce ACD or
worsen existing dermatitis caused by the sensor or pump. Cleansing
products, including wipes, are used to remove adhesive material from
the skin. Skin wipes containing (modified) colophonium are commonly
used to clean and prime the skin during diabetes device changes.””
Sensitization to this material may not only cause ACD, but can also
result in intolerance to diabetes devices themselves, as some have
been shown to contain colophonium or -derivatives (paragraph 4.3.2;
Table S1, present in the Supporting information). Patients experienc-
ing an allergic reaction from their diabetes device may, on their own
instigation or on the advice of their physician or diabetes nurse, apply
a (hydrocolloid) adhesive between the device and their skin to prevent

the allergic skin reaction from emerging or to ameliorate the
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TABLE 8

Allergen

1-Benzoylcyclohexanol

Butyl acrylate

Butylated hydroxytoluene (BHT)
2,4-di-tert-Butylphenol (2,4-DTBP)
B-Carboxyethyl acrylate

Colophonium

Colophonium-derivatives®

Dicyclohexylmethane-4,4’-diisocyanate (DMDI)®

N,N-Dimethylacrylamide (DMAA)

Dipropylene glycol diacrylate
Epoxy resin

Ethyl cyanoacrylate

1,6-Hexanediol diacrylate (HDDA)
Isobornyl acrylate (IBOA)
Isobornyl acrylate (IBOA)

Isophorone diisocyanate (IPDI)

2,2'-Methylenebis(6-tert-butyl-4-methylphenol)
monoacrylate (MBPA)

Methyl methacrylate

Culprit products containing the allergen and
causing ACD

Cliniset, Clini Soft, and Disetronic insulin
pumps

Enlite sensor

FreeStyle Libre 1 sensor
FreeStyle Libre 1 sensor

See under 1-Benzoylcyclohexanol

Enlite sensor

Omnipod insulin pump
TouchCare Aé

Dexcom G7 sensor
Enlite sensor

FreeStyle Libre 1 sensor
Omnipod DASH pump
Dexcom G7 sensor
mylife Ypsopump Orbit micro-infusion set ©
Enlite sensor

FreeStyle Libre 1 sensor
Omnipod insulin pump
Omnipod insulin pump
Unspecified insulin pump

Dexcom G4 Platinum sensor

Guardian 4 sensor, transmitter part
See under 1-Benzoylcyclohexanol

FreeStyle Libre 1 sensor

FreeStyle Navigator Il sensor
Dexcom G6 sensor
Dexcom G7 sensor

Enlite sensor

Miao-Miao transmitter

MiniMed Quick-set infusion set
MiniMed Sure-T infusion set
mylife Ypsopump Orbit infusion set

Omnipod insulin pump

TouchCare A6 sensor and insulin pump
FreeStyle Libre 1 sensor

Dexcom G6 sensor (new, from early 2020 on)

Insulin pump Set Per Micro-Infusione
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Summary of allergens, culprit products containing the allergen and causing ACD, numbers of patients and references.

References and [Number of patients]

66 [2]

6 [1]
]
]
6[2]

6 [3], 38 [1], 39 [4], 45 [1], 46 [not
specmed max. 6], 70 [1], 84 [1]

[1]
60 [1]
66 [2]

15 [5], 21 [6], 31 [15], 36 [7], 37 [34], 38

[5], 39 [51], 40 [1], 41 [10], 44 [1], 46 [8],
56 [13], 54 [4], 57 [6], 47 [18], 59 [53], 63
[2], 50 [4], 69 [3], 70 [11], 71 [39], 72 [8],
73 8],76[1],77[1],78 [1], 79 [2], 80 [1],
1(1],82[1], 83 [2], 84 [2], 85 [1], 90 [3],
1[1], 92 [1], 144 [1]

1[1]
2[1],51[1],52[3],50[1]
2[2]

6 [2], 38 [2], 41 [1], 54 [4], 47 [2], 50 [1],
0[2], 84 [1]

6 [1]
54/7
54/7
1[1

1[3], 40 [1], 41 [5], 44 [1], 46 [1], 63 [4],
0 [1], 69 [1], 77 [1]

]
]
]
4[1]
]
]

[1],47 [1], 101 [1]

0
0[1], 70 [1], 101 [1]

0[1
2[3],53[5], 131 [4]

132[1]

(Continues)
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TABLE 8 (Continued)

Culprit products containing the allergen and

Allergen causing ACD References and [Number of patients]
Nickel Insulin pump (Atrapid M.C. Medi) 145 [1]
Insulin pump, not specified 146 [1]

Phenoxypoly(ethyleneoxy)-ethyl acrylate (PEEA)

Tripropylene glycol diacrylate (TPGDA) Omnipod

Unspecified insulin pump

66 [2], 133 [1]
61[1]

2Abietic acid,”* Abitol (hydroabietyl alcohol),>?3?74 hydrogenated methyl abietate (methyl dihydroabietate),”* hydrogenated rosin ester (methyl

hydrogenated rosinate),*>74

methy! abietate,”* methyl rosinate (methyl ester of rosin),”“ glyceryl hydrogenated rosinate.®?

The FSL housing was shown to contain methyl dehydroabietate; this is a related colophonium-derivate, but was itself not patch tested.
“DMDI was found in the plastic part of the pump; the patients had a positive reaction to DMDI at D10; it was uncertain whether this was a late reaction or

patch test sensitization.

dermatitis (part 2). These products may all contain (potential) aller-
gens. Some patients use local anaesthetic preparations such as
EMLA® cream and plaster (containing lidocaine and prilocaine) to
diminish pain and discomfort associated with the application of diabe-
tes devices.?°

Long-term application, prolonged contact time with the skin and
existing damage to the skin from irritation, irritant dermatitis or ACD
all increase the risk of becoming sensitised to such auxiliary products.
Reported contact allergies are shown in the next paragraph. Unfortu-
nately, with the exception of colophonium in Skin Tac wipes’’ and
prilocaine in EMLA,? the culprit allergens have not been investigated
and identified.

Case reports and case series
Of 15 children with ACD to diabetes devices, three had positive patch
test reactions to Adhesive remover wipes from Smith and Nephew
(a fourth had a? + reaction) and four had reactions to EMLA plaster
(h = 3) or cream (n = 1). These 4 were tested with prilocaine and lido-
caine and one had a + reaction to prilocaine.?° Two children had posi-
tive reactions to the analgesic Tapin (one plaster, one cream), one to
Duoderm (and another had a? + reaction, she also reacted to colo-
phonium) and one appeared to be allergic to TENSO adhesive ban-
dage. Whether these products had actually caused ACD or
contributed to it and what the (potential) allergens were was not
mentioned.?°

One patient was allergic to colophonium in Skin Tac™ wipe.** A
56-year-old man with ACD from colophonium in the FSL sensor used
Skin Tac wipes, which aggravated the dermatitis. Colophonium was
one of the ingredients in the wipe.”* A 9-year old boy who had ACD
from ethyl cyanoacrylate in the Dexcom G4 Platinum sensor was also
allergic to colophonium, which was present in the Skin Tac wipes he
was using.*®

A 12-year-old boy with ACD from FSL had positive reactions to
IBOA (present in FSL) and to a piece of a hydrocolloid dressing
(Duoderm Extra Mince), which he regularly placed between his diabe-
tes device and the skin to prevent cutaneous reactions. Colophonium
gave a doubtful reaction (?+) on D4, whereas three

colophony-derivatives were positive (++). It was not discussed

whether (modified) colophonium was an ingredient of the hydrocol-
loid, but the possibility was subtly suggested.”*

A 7-year-old boy was suspected of ACD to a diabetes device (not
specified); the rash persisted despite trialling different sensors and
adhesive tapes. During the consultation, the patient's mother replaced
the sensor demonstrating the process and techniques involved and it
was noted that Tac adhesive barrier products were additionally being
used to further secure the device. Patch tests were positive to hydro-
abietyl alcohol (a colophonium-derivative) and to Skin Tac adhesive
barrier wipes, which contained partially hydrogenated rosin (colopho-
nium) as the tackifying agent. Colophonium in the European baseline
series was negative, as is often the case with patients sensitised to
modified colophonium products (chapter 4.3.2).147

A 3-year-old girl with ACD from colophonium in the Enlite sensor
had a positive patch test to an ‘Overtape dressing” and a moisturising

).3¢ An 18-year-old female patient had

cream (no further data available
a positive patch test to ‘isopropyl alcohol wipes’ (++ on D4), but
there were no other positive reactions.®®

An 8-year-old boy had developed ACD from IBOA, DMDI
(dicyclohexylmethane-4,4’-diisocyanate) and (derivatives of) colopho-
nium in the Dexcom G7 sensor. He also had suffered ACD from Duo-
derm extra thin, used to protect the skin from contact with the
sensor's adhesive patch. A patch test with the dressing ‘as is' was pos-
itive, very likely due to the presence of modified colophonium in Duo-
derm extra thin. Details of this patient can be found in part 2 of this
article.®2

44 | The glucose sensors and insulin pumps that
have caused allergic contact dermatitis: An overview

Fifteen insulin pumps (of which 4 were not specified), 6 sensors and one
transmitter (Miao-Miao) have caused one or more cases of ACD. These
devices are shown in Table 9 in alphabetical order; also specified are the
culprit allergens contained in them, the number of patients in who ACD
was elicited and the literature references. The FreeStyle Libre sensor has
caused most cases of ACD and contained the largest number of culprit

allergens (butylated hydroxytoluene, colophonium-derivatives, 2,4-di-
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TABLE 9 Summary of diabetes devices that have caused allergic contact dermatitis, culprit allergens, number of patients and literature

references.

Diabetes device

Cliniset insulin pump

Clini Soft insulin pump

Dexcom G4 Platinum sensor

Dexcom Gé6 sensor

Dexcom Gé sensor (new, from early
2020 on)

Dexcom G7 sensor

Disetronic insulin pump

Enlite sensor

FreeStyle Libre 1 sensor

FreeStyle Navigator Il sensor
Guardian 4 sensor, transmitter part
Insulin pump (Atrapid M.C. Medi)
Insulin pump Set Per Micro-Infusione
Miao-Miao transmitter

MiniMed Quick-set infusion set
MiniMed Sure-T infusion set

mylife Ypsopump Orbit infusion set

Culprit allergens
1-Benzoylcyclohexanol
B-Carboxyethyl acrylate
Isobornyl acrylate (IBOA)
1-Benzoylcyclohexanol
B-Carboxyethyl acrylate
Isobornyl acrylate

Ethyl cyanoacrylate

Isobornyl acrylate (IBOA)

2,2'-Methylenebis(6-tert-butyl-4-methylphenol) monoacrylate

(MBPA)

Colophonium-derivatives

Dicyclohexylmethane-4,4’-diisocyanate (DMDI)

Isobornyl acrylate
1-Benzoylcyclohexanol
B-Carboxyethyl acrylate
Isobornyl acrylate (IBOA)
Butyl acrylate

Colophonium

Colophonium-derivatives
N,N-Dimethylacrylamide (DMAA)
Isobornyl acrylate (IBOA)

Butylated hydroxytoluene (BHT)
2,4-di-tert-Butylphenol (2,4-DTBP)
Colophonium-derivatives
N,N-Dimethylacrylamide

Isobornyl acrylate (IBOA)

Isophorone diisocyanate (IPDI)
Isobornyl acrylate (IBOA)
1,6-Hexanediol diacrylate (HDDA)
Nickel

Methyl methacrylate

Isobornyl acrylate (IBOA)
Isobornyl acrylate (IBOA)
Isobornyl acrylate (IBOA)

Dicyclohexylmethane-4,4'-diisocyanate (DMDI)

Isobornyl acrylate (IBOA)

References and [Number of patients]

30
[1]
42 [1], 51 (1], 52 [3], 50 [1]
52 [3], 53 [5), 131 [4]

2 [2]
]
]
]
]
]

6[1]

6 [3], 38 [1], 39 [4], 45 [1], 46 [not
specmed max. 6], 70 [1], 84 [1]

6 [1], 39 [1], 54 [1]
9[1

6 [2], 38 [2], 41 [1], 54 [4], 47 [2], 50 [1],
0[2], 84 [1]

(1]
(1]
(2]
(2]
6[1]
(1]
(2]
(4]
[

N

6[1
42
6[4],57[7]

5[5], 21 [6], 31 [15], 36 [7], 37 [34], 38
[5], 39 [51], 40 [1], 41 [10], 44 [1], 46 [8],
56 [13], 54 [4], 57 [6], 47 [18], 59 [53], 63
[ 1, 50 [4], 69 [3], 70 [11], 71 [39], 72 [8],
31[8],76 [1], 77 [1], 78 [1], 79 [2], 80 [1],
81 (1], 82 [1], 83 [2], 84 [2], 85 [1],90 [3],
1[1],92[1], 144 [1]
0f
1[

1]
1]
0[1]
145 [1]

132 [1]

16 [1]
54/70[1], 47 [1]
54/70[1], 70 [1]
51 [1]

51[1]

(Continues)
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TABLE 9 (Continued)

Diabetes device Culprit allergens References and [Number of patients]
Omnipod insulin pump Colophonium 44 [1], 45 [1], 77 [1]
N,N-Dimethylacrylamide (DMAA) 62 [1]
Dipropylene glycol diacrylate 61 [3], 62 [1]
Isobornyl acrylate (IBOA) 21[3],40 [1], 41 [5], 44 [1], 46 [1], 63 [4],
50 [1], 69 [1], 77 [1]
Omnipod DASH pump Colophonium-derivatives 32[1]
TouchCare Aé sensor, pump Colophonium 44 [1]
Isobornyl acrylate (IBOA) 44 1]
Unspecified insulin pump (n = 4) Epoxy resin 66 (2], 123 [2]
Nickel 146 [1]
Phenoxypoly(ethyleneoxy)ethyl acrylate (PEEA) 66[2],133 [1]

tert-butylphenol, N,N-dimethylacrylamide, IBOA and isophorone diiso-
cyanate), followed by the Enlite sensor and the Omnipod insulin pump
with 4 allergens each.
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