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Background

Most patients with diabetes type 1 use various technological 
devices like continuous glucose monitoring (CGM) systems 
or insulin pumps. Usually these medical products consist of 
several components: besides an external receiver, a CGM 
system comprises a casing including a transmitter and a sen-
sor, which is inserted through the skin as well as an adhesive 
fixing the casing on the skin. In traditional insulin pumps, the 
pump including the reservoir and pump mechanism is worn 
external. A subcutaneous connection is given by a Teflon or 
steel cannula of the infusion set, which is attached on the 
skin. Tubeless insulin pumps (patch pumps) do not have an 

infusion set, thus the pump, including pump mechanism, 
electronics, reservoir, and cannula, is directly attached to the 
body by means of an adhesive.1 To maintain expected wear 
time, overtapes for better fixing the device on the skin are 
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Abstract
Background: Skin reactions due to medical devices for diabetes management have become a common problem in 
diabetes technology. There is a varying degree in how detailed skin reactions are described in scientific literature and 
diabetes practice, and no uniform structured documentation is given. Whereas most articles only describe findings, some 
others already document final diagnoses, such as contact dermatitis. Furthermore, inconsistent wordings for comparable 
issues were used.

Methods: A more detailed and standardized documentation, possibly facilitated by a generally accepted guideline for 
structured descriptions, of skin reactions could be helpful to enable better differentiations between the described skin 
reactions. Therefore, a report form to assess skin reactions due to medical devices in diabetes therapy was developed and 
will be presented in this article.

Results: The one-page report form is divided into four categories and a separate instruction paper. Beside general information 
the form includes the location, size, severity and duration of skin appearances, the grading of itching, and suspected diagnoses.

Conclusion: A consistent use of the form in daily practice and clinical trials could facilitate a fast and standardized 
documentation and help to evaluate the occurrence and severity of different skin reactions due to medical devices in 
diabetes management.
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used frequently.2 The increasing usage and wear time of 
those medical devices may contribute to an increased occur-
rence of skin reactions.3-5 Of patients using an insulin pump 
or CGM system, more than one third report one or more skin 
lesions due to device use.5

Mechanical or physical effects, like long skin occlusion 
under the sensor, sweating or damaged epidermis due to tear-
ing off the adhesive, or an injury due to insertion can lead to 
skin reactions. Furthermore, allergens in the medical device, 
like the adhesives or the plastic material itself, can trigger 
allergic skin reactions. Additionally, individual factors like 
age or dry skin influence the risk of skin reactions.3 Actually, 
there are several internet portals for patients to talk about 
their skin reactions and exchange handling suggestions6 
emphasizing the increased occurrence of skin reactions.

However, a previous publication showed that in studies 
with medical devices reports about skin reactions are rare 
and, if reported, descriptions varied substantially.7 There 
were no uniform structured reporting procedures and for 
comparable issues inconsistent terms or only general word-
ings were used. Furthermore, description details varied 
regarding occurrence and severity of the skin reaction or the 
number of afflicted persons.

In clinical studies, adverse events (AE) have to be docu-
mented. However, the number of skin reactions observed in 
a study may be limited by a small subject population, a short 
study duration, or optimal study conditions. Furthermore, 
subjects with known skin problems often are excluded.

In diabetes practices a skin reaction may be observed and 
treated in daily practice, but systematic assessments and inci-
dent reports to national competent authorities are unlikely. A 
report includes the detailed description of side effects, but 
also information about the medical history of the patients and 
their actual medication, representing a very time and cost 
consuming action.6

The time consuming documentation of each skin reaction 
might contribute to the information being restricted.4 
Additionally, clear evaluation criteria for skin reactions are 
missing and due to limited dermatological expertise of dia-
betes nurses, physicians, or principal study investigators, 
inconsistent terms for comparable issues result.

A structured and validated plan to guide a comprehensive 
and standardized assessment and quick report may help to 
explore and compare the prevalence of skin reactions. Thus, 
a report form for uniform descriptions of skin reactions due 
to medical devices for diabetes management was designed.

Methods

For the development of a standardized report form, already 
existing methods to assess and scale skin reactions as well as 
terminologies were screened and evaluated.

For decades, patch testing with visual sign assessment 
represented the cornerstone of dermatological evaluation and 
methods to evaluate if a substance has an allergic or toxic 

effect when contacting the skin were already reported in 
1847.8

However, most often only the patch testing techniques 
and no details on the visual assessment were described.8 A 
scoring of dermatological changes like erythema, papules, 
vesicles, bullae, and edema by grading scales was intro-
duced later.

A main role for the toxicological classification of test sub-
stances was presented by the Draize eye test developed in 
1944.9 Originally, the test was developed for eye irritation 
tests on rabbits to evaluate the safety of materials meant for 
use in and around the eyes.9,10

Modifications of the test, including the assessment of ery-
thema and edema, were used as skin irritation test. A scoring 
enabled the product classification from nonirritant to very 
irritant.8,9,11 Techniques of the Draize test were generally 
accepted and also used by the Food and Drug Administration 
(FDA) to evaluate substance safety for long time. However, 
species differences between human and rabbit cause large 
variations in results, leading to criticism of the test.9,11

Currently, a score or form especially developed to 
assess skin reactions due to medical devices like insulin 
pumps or CGM systems is not available. Thus, in some 
clinical trials using CGM systems, the Draize scale is used 
to assess and categorize skin reactions in context of the 
AE documentation.

Berg et  al developed a patient questionnaire to directly 
focus on skin problems associated with insulin pumps and 
CGM. Patients were asked about their previous and current 
dermatological complications. Each complication was cate-
gorized into predefined items like “red eczema,” “dry 
wound,” or “changes in pigmentation” by the patients them-
selves. To help categorizing the type of skin problem, exam-
ple pictures of the categories were given. A five-point scale 
(“no problem” to “very big problem”) was used to rate the 
discomfort caused by each visible skin lesion.5 The categori-
zation and scaling of complications by the patients them-
selves may be critical. Furthermore, the predefined items 
already include consequences of preceding reactions like 
“old scars,” which are not relevant for a report form that 
assesses current skin reactions.

An index to enable the comparability of diagnosed atopic 
dermatitis was developed by the European Task Force on 
Atopic Dermatitis.12 The SCORAD (SCORing Atopic 
Dermatitis) index collects objective information as well as 
subjective symptoms. The objective part consists of informa-
tion about the extent and intensity of appearances like ery-
thema, edema/papulation, or oozing/crust. The subjective 
part is about pruritus and sleep loss.12 For documenting the 
extent of the symptoms, a figure with numbered areas is 
given. The intensity ranges from 0 = absence to 3 = severe. 
Subjective symptoms are graded with a visual analogue 
scale. The final index score can be calculated by using a for-
mula which includes the determined severities for objective 
and subjective symptoms.13
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Results

Based on long-standing experience of the Institut für Diabetes-
Technologie Forschungs- und Entwicklungsgesellschaft mbH 
an der Universität Ulm, Ulm, Germany (IfDT) in clinical tri-
als using the previously described medical devices and the 
accompanying assessment and documentation of skin reac-
tions, a report form for the assessment of skin reactions due to 
medical devices for diabetes management was designed.

Developmental versions of the form were tested by expe-
rienced physicians of the IfDT by using previous skin reac-
tions captured on photos. The filled forms from different 
physicians were compared to check standardized outcomes, 
and general feedback regarding the form was integrated into 
subsequent versions.

To bring along dermatological experience and ensure der-
matologically correct terms, input was also requested from a 
dermatologist experienced in diabetes-related skin reactions. 
Furthermore, feedback from members of the working group 
diabetes and technology (AGDT) of the German diabetes 
association, including experienced diabetologists and diabe-
tes advisors, was integrated.

The final form consists of four parts: general information 
(A), findings (B), further action (C), and suspected diagnosis 
(D) (see Figure 1).

The form is meant to be filled by health care professionals 
(HCP) and not necessarily professional dermatologists. 
Therefore, a separate instruction form is attached to guide 
HCPs filling out the form (supplement 1). The instruction 
form includes comprehensible definitions for the predefined 
skin appearances, severity categories, and suspected diagno-
ses as well as general information on how to fill out the form.

As soon as a skin reaction becomes known to the HCP, the 
report form should be filled. On the report form itself, pri-
marily general information about the affected person like 
gender, age, and current system use will be asked (Part A).

Essential aspects when documenting skin-related issues 
are mainly objective and subjective skin appearances, includ-
ing their localization, duration, severity, and size (Part B). 
For objective skin appearances common efflorescences like 
erythema, papules, desquamation, crust formation, pustules/
vesicles, weeping, pressure mark, hematoma, and induration 
were allocated (B6). To enable a standardized wording, the 
skin appearances were predefined. Terms were chosen, 
together with a dermatologist enabling dermatologically cor-
rect, but also comprehensive descriptions. Example pictures 
for the listed appearances are given in Figure 2 (a–f), and the 
separate instruction form includes comprehensible defini-
tions for the skin appearances (supplement 1).

To draw conclusions about the triggering component of 
the medical device, it should be documented whether the 
appearances are located at the insertion site, in the area of 
the casing (if available), at the area of the (additional, eg, 
overtapes) adhesive, or outside the borders of the adhesive 
(B6). Therefore, a number (one to five) representing the 

different location possibilities has to be entered for each 
occurred appearance behind the predefined term. In case a 
skin appearance is located in more than one of the pre-
defined five locations, several numbers can be entered on 
the report form.

Sometimes HCPs might like to document additional 
information. To prevent additional and thus several docu-
ments for one patient, a free text space is given for additional 
information.

The size of the skin reaction is asked separately and has to 
be documented in millimeter on the report form (B7).

Skin changes can impair user’s daily life significantly.14 
Especially the subjective symptom “itching” is a common 
reported symptom when using CGM systems.7,15 Thus, by 
using a scale with a maximum score of 10, affected persons 
will grade their feeling of itching between 0 (=no itching) 
and 10 (=intense itching).

To assess the temporal progression (B8) of the skin 
appearances, the first occurrence of symptoms and the solva-
tion of the last are asked. Whereas itching can be noticed 
earlier some skin appearances may only be detectable after 
system removal. Adding the date of system removal will 
therefore enable the differentiation whether the skin appear-
ance was detected before or only after sensor removal, allow-
ing more detailed information about the duration of skin 
appearance. Additionally, to identify a potential immediate 
type I allergic reaction, the start date of the last system appli-
cation has to be documented as well.

Due to the varying degrees of reactions,8 a grading into 
mild, moderate, or severe of the skin reactions in sum can be 
done. The definitions of the grading categories are based on 
the adverse event severity grading scale by the FDA16 and 
are given in the separate instruction of the report form. Mild 
is defined as asymptomatic or mild symptoms. Only clinical 
or diagnostic observations have to be performed and no 
intervention is indicated. For moderate appearances, mini-
mal, local, or noninvasive interventions are indicated. The 
appearances limit age-appropriate activities of an indepen-
dent daily life. Severe skin reactions are defined as severe or 
medically significant but not immediately life threatening. A 
hospitalization or prolongation of hospitalization is indi-
cated. The appearances are disabling and limit self-care 
activities of the daily life.

Serious AE in clinical trials as well as serious incidents 
assessed in daily practice have to be reported to national 
competent authorities.17 An allergic contact dermatitis 
(ACD) for example is expected to reoccur under similar con-
ditions and, thus, constitutes a permanent impairment of 
daily life. The diagnosis of an ACD has to be graded as 
severe and serious and must be reported to national compe-
tent authorities.

For documenting further actions, like change to an alter-
native system or use of a protective adhesive, as well as 
information about whether actions were effective, the form 
provides some free text space (Part C).



804	 Journal of Diabetes Science and Technology 15(4)

After having assessed and described the skin reactions, a 
suspected diagnosis may optionally be added (Part D). 
Common diagnoses like irritant contact dermatitis (ICD) or 
ACD and infections are already given. The definitions are 

described on the separate instruction form. Often no distinc-
tion is made between ICD and ACD.3 Due to mostly stronger 
intensity compared with skin irritations, an allergic reaction is 
frequently reported,7 but usually occurs seldom.3 ACD is a 

Figure 1.  Report form.
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type 4 allergy due to one or more allergens (most acrylates); 
after sensitization a lifelong immunological memory exists. 
Thus, symptoms will reoccur after repeated contact and usu-
ally get even stronger.3 Therefore, previous skin reactions and 
their kind of severity are requested as general information at 
the beginning of skin assessment. To ensure a final diagnosis 
of an ACD, a patch test should be performed.18 Further steps 
may be the lifelong contact avoidance of identified allergens.

Conclusion

To summarize, beside general information the form includes 
the location, size, severity and duration of skin appearances, 
the grading of itching, and suspected diagnoses.

To keep the form as short as possible but also comprehen-
sive, the objective and subjective categories of the report 
form were chosen based on their clinical importance and the 
high incidence and variation in previous studies reporting 
skin reactions. To allow a fast and uniform completion of the 
form, check or one word options are in focus of this form. 
Free text spaces are given for additional information that 
should not be neglected and may be relevant for more accu-
rate assessment of the skin-related issues but will not be 
usable for an evaluation of occurred skin reactions.

Although the form was designed to be as simple as pos-
sible and a separate instruction form is given, an initial 
training may be useful for a quick filling out during daily 
practice stress.

Currently, the form is not validated and inter- and intrain-
dividual variations by different HCPs cannot be excluded. To 
assess variations, the form should be used widespread in 
clinical trials as well as in diabetes practices to enable a com-
prehensive evaluation.

A consistent use of the form in daily practice and clinical 
trials could facilitate a fast and standardized documentation 
for physicians and diabetes nurses. A standardized docu-
mentation primarily helps to evaluate the occurrence and 
severity of different skin reactions due to medical devices 
in diabetes management. Furthermore, it may help to iden-
tify and reduce triggering factors, such as potent allergens 
and thus help patients to avoid skin reactions in the future. 
The further development toward a score, for example, 
resulting in one final number could be the next step to sim-
plify the evaluation of the assessed skin reactions and it 
may be easier to get a final diagnosis.
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