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Freestyle Libre (FSL) system is a new method to detect glucose enabling a new paradigm in glucose monitoring
and self-management. The sensor, reading the interstitial fluid glucose concentration, provides a numerical data
of glucose level and a trend arrow that add context to static measurement of glucose level. Therefore, patients
could easily follow the progression of their glucose levels over the time, allowing early detection and timely treat-
ment of deviations from targeted glucose level range, thus preventing extreme fluctuations. In order to take full
advantage of the system both the caregiver and the person with diabetes must appreciate the need of careful in-
terpretation of the data generated by the FSL. To this purpose we have generated recommendations that are
based on methods suggested for CGM, our clinical experience and discussion with experienced patients using
FSL, to provide a pragmatic approach to use FSL trend arrow data for managing diabetes in adults.
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Since the 1980s, numerous clinical studies have been performed to
determine the benefit of optimal glycemic control for prevention of
micro- and macrovascular complications in subjects with type 1
[T1IDM]"? or type 2 [T2DM]? diabetes.

HbA1c is commonly used for assessing glycemic control and reduc-
ing the risk of long term diabetic complications. This benchmark marker
measures the average glucose exposure over the past 2-3 months, but
cannot detect short-term changes in blood glucose nor it allows quanti-
fication of time spent with hypo- and hyperglycemia nor glycemic var-
iability. Therefore, HbA1c measurements have to be supplemented by
alternative glucose parameters.

Capillary blood glucose monitoring (CBGM) is commonly used for
adapting glucose-lowering therapy to lifestyle (diet and physical activity)
and individual needs (school, work, holidays, illness), and it facilitates
identification and treatment of acute hypo - and hyperglycemic
swings.*"% Nonetheless, optimizing glucose levels can be hard, particu-
larly in patients on intensive insulin therapy requiring frequent capillary
blood glucose testing (>4 controls daily). Fingertip pricking, the need of
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a meter and disposable supplies and the search for a private place to
check blood glucose can become hurdles to a regular glucose self-
monitoring with deleterious consequences on glycemic control.*~® More-
over, even when CBGM is carefully performed, critical fluctuations in glu-
cose levels may go unnoticed. Continuous Glucose Monitoring (CGM) can,
to some extent, overcome such limitation. This is based on measurement
of glucose concentration in the interstitial fluid at high sampling fre-
quency (e.g., every 5 min) and helps recognizing otherwise undetectable
events (in particular, non-symptomatic hypoglycemic episodes). CGM
can be divided into two categories: 1. Blinded retrospective analysis of
CGM for identification of glucose patterns to guide changes in therapy
or 2. Real-time CGM recording and displaying current glucose value
along with trends and rate of change. The latter can be equipped with
alarms to alert the person with diabetes at the time of hyper/hypoglyce-
mia. Several randomized controlled trials (RCTs) have evaluated the po-
tential benefit of CGM.”~'3 Though these devices may sound intuitive, a
proper educated use to guide therapeutic decisions is not trivial, and
over the past years, a number of different algorithms (Table 1) have
been proposed for adjusting insulin dose based on glucose trend as
detected by CGM.'4-1°

Most recently, a third category of glucose monitoring systems
(FreeStyle Libre, FSL, Abbott Diabetes Care, Alameda, CA) with no
alarm has been introduced. Like CGM, FSL provides real-time interstitial
glucose levels as well as trends (indicated by trend arrows). FSL offers
an alternative glucose monitoring strategy for comprehensive analysis
of glucose profile without the inconvenience of capillary glucose testing.
RCTs and real life data show that in patients with T1DM or insulin-
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Table 1
Previous methods to adjust insulin doses using CGM trend arrows.
Trend arrows DirecNet!* Scheiner!'® Pettus/Edelman'® Aleppo!”
1" 20% increase of total dose Increase to cover current sensor Increase to cover current sensor CF IDA
glucose plus 60 mg/dl glucose plus 100 mgy/dl <25 +4.5
25-<50 +3.5
50-<75 +2.5
>75 +1.5
1 20% increase of total dose Increase to cover current sensor Increase to cover current sensor <25 +3.5
glucose plus 30 mg/dl glucose plus 75 mg/dl 25-<50 +2.5
50-<75 +1.5
275 +1.0
Va 10% increase of total dose Cover current sensor glucose Increase to cover current sensor <25 +2.5
glucose plus 50 mgy/dl 25-<50 +1.5
50-<75 +1.0
275 +0.5
— 0% increase Cover current sensor glucose Cover current sensor glucose <25 No adjustment
25-<50 No adjustment
50-<75 No adjustment
>75 No adjustment
\ 10% decrease of total dose Cover current sensor glucose Decrease to cover current sensor <25 —2.5
glucose minus 50 mg/dl 25-<50 —15
50-<75 —1.0
275 —0.5
| 20% decrease of total dose Decrease to cover current sensor Decrease to cover current sensor <25 —3.5
glucose minus 30 mg/dl glucose minus 75 mg/dl 25-<50 —25
50-<75 —15
>75 —1.0
1 20% decrease of total dose Decrease to cover current sensor Decrease to cover current sensor <25 —45
glucose minus 60 mg/dl glucose minus 100 mg/dl 25-<50 —35
50-<75 —2.5
275 —15

treated T2DM, the use of FSL, compared to CBGM, increases the fre-
quency of self-monitoring, reduces the time spent in hypo- and hyper-
glycemia, as well as the number of symptomatic hypoglycemic events,
increases the time spent in the optimal glucose range, and improves
the quality of life for people with diabetes,?°~2® though any improve-
ment of HbA1c has been observed.?®?® The reduced time spent in
hypoglycaemia suggests that real-time and glucose trend data, rather
than retrospective analysis of the recordings, were predominantly
used for proactive self-adjustments of glycaemic control, however fur-
ther information for FSL user and physician may be acquired from the
retrospective analysis of FSL readings and used to improve insulin ther-
apy. A critical aspect of FSL is the correct interpretation of the trend ar-
rows as this has the potential for avoiding major hypo-hyperglycemic
fluctuations. For the person with diabetes this is sort of a novel approach
requiring ad hoc guidance. However, to data no practical approach to
using trend arrows on the FSL for the management of adults with diabe-
tes have been developed.

Therefore, after reviewing published methods suggested for
CGM,*-17 discussing with FSL users about the correct interpretation
of static and dynamic information derived from the system and patients
reported outcomes, on the basis of our clinical experiences as diabetol-
ogists, we developed a practical, patient-centered approach to adjust in-
sulin doses based on trend arrow FSL data in relationship to pre-meal or
between meal time.

1. The FreeStyle Libre system

The Free Style Libre (FSL) system allows ‘flash glucose determination
and monitoring’ by wireless scanning of a transmitter connected with a
sensor filament, which is inserted 5 mm under the skin for accurate
measurement of glucose in the interstitial fluid. The sensor can be inter-
rogated through clothes and is water resistant and it can be worn while
swimming and bathing. The scanner shows historical and current glyce-
mic trends and integrates blood glucose readings in a number of differ-
ent manner (daily profiles, mean glucose values, daily variability, time
spent within a pre-defined range, hypoglycemic events, and sensor per-
formance). As compared to the CGM, FSL has no alarms making it not

suitable for patients unable to recognize signs and symptoms of hypo-
glycemia. Nonetheless, for all other patients, acceptance of the device
and use persistence can be increased, as the presence of too many
alarms is a common reason for discontinuation CGM.?° Finally, the FSL
has been proved to be safe and accurate in pregnant woman with
diabetes.*°

FSLis factory calibrated using wired enzyme technology (osmium me-
diator and enzyme glucose oxidase enzyme co-immobilized on an elec-
trochemical sensor filament), resulting in accuracy metrics similar to
other commercially available CGM system.>!~3° Therefore, the FSL user
is not required to perform calibration with capillary glucose measure-
ment, although this may be recommended in case of hypoglycemia or
rapid fluctuation of glucose concentration due the delay in glucose distri-
bution in the interstitial fluid (13.5 min approximately). In the US, FSL has
been approved for “non adjunctive use”, i.e. suitable for therapeutic deci-
sions (insulin dosing) based on a mean absolute relative difference
(MARD) between paired measurements with a reference method for
blood glucose measurements <10%. In Europe, the FSL remains approved
only as “adjunctive use”. A very recent study>’ highlights that although
error grid analysis find almost all measurements to be clinically accept-
able, one in four readings of both CGM and FSL differed from CBGM read-
ings by at least 15 mg/dl and one in twenty values deviated by at least
30 mg/dl or 30%, potentially resulting in different therapeutic decision
(i.e. carbohydrate intake and/or insulin delivery) and such deviation
should be taken into account when using CGM or FSL systems.

Data collected by the FSL system can be sent to a dedicated app on an
Android or iOS device, removing the need for a separate reader, and
allowing remote monitoring of glucose readings and trends. The cost
of the FSL is approximately one-half to one-third of other commercially
available CGM systems.?® All these features are the likely explanation of
the wide diffusion of this system, which is currently used by >400,000
people across 40 countries.>8

2. Education principles and skills for FSL users

The FSL system can be easily applied through its own applicator, it is
easy to use, allowing wide use even in an unselected diabetic population.



Table 2

Suggested approach to adjust insulin doses using FSL system trend arrows in adults with diabetes.

Between-meal time

Pre-meal time

Hypoglycemia Hyperglycemia Normoglycemia Hypoglycemia

Normoglycemia

Hyperglycemia

Status®

Rate of glucose

Trend

arrows change®

« Correct according to FSI * Recheck after 15-30’ Correct « Confirm with CBGM

« Confirm with CBGM

RD + 20% if low risk of hypos

or

RD + correction bolus according
to ISF considering current sensor

glucose plus 60 mg/dl

Increase

« Corrected according to the 15-15

rule

according to the FSI if necessary

considering current sensor
glucose plus 60 mg/dl
* Recheck after 1 h

« Corrected according to the

>2 mg/dl/min

15-15 rule
* Recheck after 30’

RD + 10% if high risk of hypos
or faster insulin aspart use

* Add 15 g of slow-absorption

carbohydrates

* Recheck after 30-60’ Correct

« Correct according to FSI

RD + 10% if low risk of hypos

or

RD + correction bolus according

1-2 mg/dl/min to ISF considering current sensor

Increase

< Recheck after 60’

according to the FSI if necessary

considering current sensor
glucose plus 30 mg/dl
« Recheck after 1 h

RD if high risk of hypos or
faster insulin aspart use

RD

glucose plus 30 mg/dl

Recheck after 1-2 h

« Correct according to the FSI

« Recheck after 1 h

RD + correction bolus according

to ISF

Change

-

<1 mg/dl/min

Decrease
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* Recheck after 30-60’ Correct

Recheck after 30-60’

« Correct according to 15-15

rule if necessary

Recheck after 30’

according to 15-15 rule if necessary

1-2 mg/dl/min

« Recheck after 30’

*RD

* Recheck after 30’

Recheck after 30-60"

« Correct according to 15-15

rule if necessary

Recheck after 15’

Decrease

« Correct according to 15-15 rule if

necessary

>2 mg/dl/min

« Recheck after 30’

*RD

RD: recommended dose; ISF: correction bolus based on insulin sensitivity factor.

@ Status is defined by the static glucose level measurement, according with age, co-morbidity and fragility of the patients.

b Rate of glucose change is derived by directionally dynamic trend arrows.

Nonetheless, in order to take full advantage of its features, people with di-
abetes do require ad hoc education.
This education process should include four main issues:

1. careful and reliable sensor insertion and tips to improve sensor adhe-
sion and avoid premature detachments. Though other site different
from the arm, such as gluteal region or leg, has been evaluated for
the application of FSL, the best performance is that related to arm
application.>® Moreover, in about 10% of cases a skin irritation or red-
ness may occur, impairing the correct glucose reading

2. awareness of the 5-10 minute lag time in glucose diffusion from the
circulating compartment into the interstitial fluid. It is critical for the
clinicians to make sure that their patients understand that data from
FSL system will not always match up directly with blood glucose
meter results, especially when glucose levels are changing rapidly;

3. remember that the FSL may require 24-48 h to reach reading equilib-
rium and it may become less precise in the last 24-48 h of its 14-day
reading life. During these periods capillary blood glucose readings
may be required;

4, correct interpretation of both static and dynamic data derived from
the FSL system and how to use trend arrows in order to take edu-
cated treatment decisions to pursue individualized targets and inter-
vention strategies (Table 2).

5. remind that the effectiveness of glucose monitoring depends largely
on sufficient sensor utilization and that improvements in glucose
control are rapidly reversed following cessation of monitoring,”
therefore almost 8 scans/daily are needed for a correct data
interpretation.

2.1. FSL system application

Patients should follow the manufacture instructions about the
choice of the site, skin cleansing, device preparation and sensor applica-
tion. In case of irritation, glue allergy or adhesion issues, it is possible to
create a barrier between the adhesive disc and the skin, reducing irrita-
tion and improving the adhesion of the devices. This can be achieved by
using adhesive wipes, liquid protective film, or liquid medical adhesive.
In the case of physical activity or for person who sweat conspicuously, it
is advisable to apply a strip of taping tape (i.e. kinestesis patch) over the
sensor. The sensor is water resistant but if exposure to water is
prolonged protect it with an impermeable band.

3. Interpretation of dynamic data collected by FSL system and use of
trend arrows to adjust insulin dose or avoid hypoglycemia

The interpretation of the dynamic data of FSL system places the
T1DM and insulin-treated T2DM patients in front of more complex de-
cisions compared to the traditional static data provided by CBGM. The
patient should be able to evaluate both absolute glucose level applying
common rules of correction of hyper/hypoglycemia as well as the
trend arrow. The shift from “point-in-time” glucose monitoring to “an-
ticipation” of glucose changes is a feature of FSL. Sometimes the FSL sys-
tem does not generate trend arrows either because glycemia varies too
fast or because the system detects very discordant measurements. In
this case it is important evaluation of the trend graph can be of assis-
tance if the graph shows a downward trend, most likely the blood
sugar is decreasing, conversely if the curve tendency is upward, the
blood sugar is increasing.

Obviously, treatment (insulin dose) adjustment must take into ac-
count all standard parameters, such as insulin-to-carbohydrate ratio, In-
sulin Sensitivity Factor (ISF) or Correction Factor (CF), meal composition,
time since last meal and last insulin injection, and exercise. On top of all
this, the directionality of trend arrows can provide additional guidance,
allowing “anticipation” of glucose changes that can translate into an op-
portunity to proactively adjust insulin dose (Table 3), prevent hypogly-
cemia, and achieve a more stable circadian glycemic control. To this
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Table 3
Example of patient guide for insulin dose adjustment using the FSL system trend arrows.
Meal Insulin/carb RD (meal time Glucose Trend Correction dose according to IFS in case Correction dose according with Total insulin
carbs ratio insulin units) reading arrow  of hyperglycemia IFS in case of normoglycemia dose
before meal
1 (GR_mg/dl + 60 mg/dl) — GT _ mg/dl/IFS_ = +20% (= units)
____ units
/ (GR_mg/dl + 30 mg/dl) — GT _mg/dl/IFS__ = +10% (=___ units)
____ units
- GR__mg/dl — GT_mg/dl/IFS_ = units None
. None None
1 None None

RD: recommended dose; ISF: correction bolus based on insulin sensitivity factor; GR: glucose reading; GT: individualized pre-meal optimal glucose value.

purpose the following recommendations may provide guidance to the
patient.

3.1. Pre-meal time glucose level and trend evaluation

NORMOGLYCEMIA (100-140 mgy/dl)
» 1 UPWARD TREND ARROW

Glucose increase is rapid (>2 mg/dl/min). The patient should con-
sider that, within 30 min (i.e. the required for injected rapid insulin an-
alog to start exerting its glucose lowering effect) glucose level could
increase by >60 mg/dl. In such a case it would be appropriate a 20% in-
crease of the insulin dose, if the patient is not prone to hypoglycemia,
while a 10% increase may be more suitable in subjects at high risk of
hypoglycemia'??2? or for patients using faster aspart insulin.*'

» /' UPWARD-OBLIQUE TREND ARROW

Rate of glucose increase is less pronounced (1-2 mg/dl/min). The FSL
user should consider that, within 30 min (i.e. the required for injected
rapid insulin analog to start exerting its glucose lowering effect) glucose
level could increase by 30-60 mg/dl. In this case 10% increase in insulin
dose is appropriate for a patient not prone hypoglycemia. No insulin
dose adjustment should be considered for subjects at high risk of hypogly-
cemia or for patients treated with faster aspart insulin.*!

* — HORIZONTAL TREND ARROW

Glucose values are stable (<1 mg/dl/min change). Dose of insulin
should be calculated as usual on the basis of carb-counting and usual
standard parameters previously described.

* \, DOWNWARD-OBLIQUE TREND ARROW

Rate of glucose decrease is modest (1-2 mg/dl/min). FSL user should
consider that, within 30 minute glucose levels could be reduced by 30-
60 mg/dl. No insulin adjustment should be considered, but for patients
prone to hypoglycemia glucose administration according to the 15-15
rule (see below) could be considered.

* | DOWNWARD TREND ARROW

Rate of glucose decrease is rapid (>2 mg/dl/min). FSL user should
consider that, within 30 minute glucose levels could be reduced by
60 mg/dl or more. In this case patient should consider glucose adminis-
tration according to the 15-15 rule (see below).

HYPERGLYCEMIA (>140 mg/dl)

« 1 UPWARD TREND ARROW

Glucose increase is rapid (>2 mg/dl/min). FSL user should
consider that glucose level is already high and it will increase further
by 60 mg/dl or more within 30 min. Patient should calculate the insulin
dose adjustment based on the ISF adding 60 mg/dl to the glucose level
indicated by FSL system. In case of severe hyperglycemia (>250 mg/dl)
a CBGM confirmation and a ketones check could be useful, especially if
reading is done in the morning, after night time fasting. In the case of

ketosis, patient should contact the physician. If ketones are absent, pa-
tient should calculate the insulin dose adjustment based on the ISF
adding 60 mgy/dl to the glucose level indicated by FSL, and wait almost
60 min without eating. An adequate hydration should be recommended,
if not contraindicated (i.e. heart failure). Then, patient should scan again
and revalue the situation.

=/ UPWARD-OBLIQUE TREND ARROW

Glucose increase is modest (1-2 mg/dl/min). FSL user should
consider that glucose level is already high, tends to a further increase
and it will increase further by 30-60 mg/dl within 30 min. Patient
should calculate the insulin dose adjustment based on the ISF adding
30 mg/dl to the glucose level indicated by FSL system. In case of severe
hyperglycemia (>250 mg/dl) a CBGM confirmation and a ketones
check could be useful, especially if reading is done in the morning,
after night time fasting. In the case of ketosis, patient should contact
the physician. If ketones are absent, patient should calculate the insulin
dose adjustment based on the ISF adding 30 mg/dI to the glucose level
indicated by FSL, and wait almost 30-60 min without eating. An
adequate hydration should be recommended, if not contraindicated
(i.e. heart failure). Then, patient should scan again and revalue the
situation.

* — HORIZONTAL TREND ARROW

Glucose values are stable (<1 mg/dl/min change), but glucose levels
are it will remain if not slightly increase before the next meal. FSL user
may consider an insulin dose adjustment calculated on the basis of ISF
or CF in order to aim at a pre-meal glucose value <140 mg/dI In case
of severe hyperglycemia (>250 mg/dl) a CBGM confirmation and a ke-
tones check could be useful, especially if reading is done in the morning,
after night time fasting. In the case of ketosis, patient should contact the
physician. If ketones are absent, patient should patient should calculate
the insulin dose adjustment based on the ISF, and wait almost 30-
60 min without eating. An adequate hydration should be recom-
mended, if not contraindicated (i.e. heart failure). Then, patient should
scan again and revalue the situation.

* \. DOWNWARD-OBLIQUE TREND ARROW

Glucose is high, but is slowly decreasing (1-2 mg/dl/min). It is advis-
able to wait and recheck glucose value again after 30 min. In case of severe
hyperglycemia (>250 mg/dl) a CBGM confirmation and a ketones check
could be useful, especially if reading is done in the morning, after night
time fasting. In the case of ketosis, patient should contact the physician.
If ketones are absent, patient should calculate the insulin dose adjustment
based on the ISF subtracting 30 mg/dl to the glucose level indicated by
FSL, and wait almost 30-60 min before eating. An adequate hydration
should be recommended, if not contraindicated (i.e. heart failure).

* | DOWNWARD TREND ARROW

Glucose is high, but is rapidly decreasing (>2 mg/dl/min). It is advis-
able to wait and recheck glucose value again after 30 min. In case of se-
vere hyperglycemia (>250 mg/dl) a CBGM confirmation and a ketones
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check could be useful, especially if reading is done in the morning, after
night time fasting. In the case of ketosis, patient should contact the phy-
sician. If ketones are absent, patient should calculate the insulin dose ad-
justment based on the ISF subtracting 60 mg/dl to the glucose level
indicated by FSL, and wait almost 30 min before eating. An adequate hy-
dration should be recommended, if not contraindicated (i.e. heart
failure).

HYPOGLYCAEMIA (<100 mg/dl)

Regardless the direction of the trend arrow, hypoglycemia must al-
ways be confirmed with a CBGM (3C rule, see below) and corrected
with rapidly absorbed carbohydrate (sugars), according to the 15-15
rule (see below) if CBGM is <70 mg/dl, or with 5 g of rapidly absorbed
carbohydrate (sugars) if CGBM is between 70 and 100 mg/dl, to avoid
swing up and hyperglycemia. Moreover, FSL users should confirm re-
covery from hypoglycemia by CBGM, because the FSL could take longer
to confirm achievement of normoglycemia, leading to overcorrection. A
glucose reading should be obtained again 30 min after normoglycemia
has been achieved and insulin dose calculated according to such a
reading.

3.2. Between-meal time glucose level and trend evaluation

The glycemic variations between meals are generally limited, except
in case of intense physical activity or ingestion of snacks containing rap-
idly absorbed carbohydrates. Trend arrows direction can help FSL
avoiding excessive hypoglycemia.

NORMOGLYCEMIA (100-180 mgy/dl)

» 1 UPWARD TREND ARROW

Glucose increase is rapid (>2 mg/dl/min). FSL user should consider
that, within 30 minute glucose level could increase by 60 mg/dl or
more. In this case, the patient should re-check glucose level after 15-
30 min and if still increasing an additive insulin bolus calculated accord-
ing to ISF and insulin on board should be considered.

» /' UPWARD-OBLIQUE TREND ARROW

Glucose increase is modest (1-2 mg/dl/min). FSL user should
consider that, within 30 minute glucose level could increase by 30-
60 mg/dl. In this case patient should re-check glucose level after 30-
60 min and if still increasing an additive insulin bolus calculated accord-
ing to ISF and insulin on board should be considered.

* — HORIZONTAL TREND ARROW

Glucose levels are well controlled and stable. Re-check glucose level
after 1-2 h.

* \\ DOWNWARD-OBLIQUE TREND ARROW

Glucose decrease is modest (1-2 mg/dl/min). FSL user should con-
sider that, within 30 minute glucose level could decrease by 30-
60 mg/dl. In this case patient should re-check glucose level after 15-
30 min and if still decreasing or reaching a value <100 mg/dl treating
the glucose level as a hypoglycemia, correcting according with the 15-
15 rule to prevent further decrease, overall if physical activity has
been done or planned.

* | DOWNWARD TREND ARROW

Glucose is high, but is rapidly decreasing (>2 mg/dl/min). FSL user
should consider that, within 30 minute glucose levels could be reduced
by 60 mg/dl or more. In this case patient should consider treating the
glucose level as a hypoglycemia, correcting according with the 15-15
rule, overall if physical activity has been done or planned.

HYPERGLYCEMIA (>180 mg/dl)

= 1 UPWARD TREND ARROW

Glucose increase is rapid (>2 mg/dl/min). FSL user should consider
that glucose level is already high and it will increase by 60 mg/dl or

more within 30 min. Patient should consider injecting a rapid insulin
bolus calculated according to ISF adding 60 mg/dl to the glucose value
indicated by FSL and considering the insulin on board in case the read-
ing has been done into 2-4 h after meal. Re-check glucose level and the
trend after 1 h. In case of severe hyperglycemia (>250 mg/dl) a CBGM
confirmation could be useful. An extra insulin bolus, calculated accord-
ing to ISF adding 60 mg/dl to the glucose value indicated by FSL, should
be injected. A new glucose scan should be performed after 60 min to re-
value the situation. Patient should be advised to take into account the
insulin on board of the correction bolus at the time of subsequent insu-
lin injection.

» / UPWARD-OBLIQUE TREND ARROW

Glucose increase is modest (1-2 mg/dl/min). FSL user should con-
sider that glycemia is already high and it will increase by 30-60 mg/dl
within 30 min. Patient should consider injecting a rapid insulin bolus
calculated according to ISF adding 30 mg/dl to the glucose value indi-
cated by FSL and considering the insulin on board in case the reading
has been done into 2-4 h after meal. Re-check glucose level and the
trend after 1 h. In case of severe hyperglycemia (>250 mg/dl) a CBGM
confirmation could be useful. An extra insulin bolus, calculated accord-
ing to ISF adding 30 mg/dl to the glucose value indicated by FSL, should
be injected. A new glucose scan should be performed after 60 min to re-
value the situation. Patient should be advised to take into account the
insulin on board of the correction bolus at the time of subsequent insu-
lin injection.

* — HORIZONTAL TREND ARROW

Glucose value is stable (1-2 mg/dl/min), but glucose level is high.
Patient should consider injecting a rapid insulin bolus calculated ac-
cording to ISF and considering the insulin on board in case the reading
has been done into 2-4 h after meal. In case of severe hyperglycemia
(>250 mg/dl) a CBGM confirmation could be useful. An extra insulin
bolus, calculated according to ISF, should be injected. A new glucose
scan should be performed after 60 min to revalue the situation. Patient
should be advised to take into account the insulin on board of the cor-
rection bolus at the time of subsequent insulin injection.

* \. DOWNWARD-OBLIQUE TREND ARROW

Glucose is high, but is slowly decreasing (1-2 mg/dl/min). It is ad-
visable to wait and recheck glucose value again after 30-60 min Patient
should consider that, within 30 minute glucose level could decrease by
30-60 mg/dl, therefore in case of glucose value close to the target
(~140 mg/dl), a further scan should be suggested in 15-30 min. On
the contrary, in case of severe hyperglycemia (>250 mg/dl) a CBGM
confirmation could be useful. An extra insulin bolus, calculated accord-
ing to ISF subtracting 30 mg/dl to the glucose value indicated by FSL,
should be injected. A new glucose scan should be performed after
60 min to revalue the situation. Patient should be advised to take into
account the insulin on board of the correction bolus at the time of sub-
sequent insulin injection.

* | DOWNWARD TREND ARROW

Glucose is high, but is rapidly decreasing (>2 mg/dl/min). It is advis-
able to wait and recheck glucose value again after 30 min. Patient should
consider that, within 30 minute glucose level could decrease by 60 mg/
dl or more, therefore in case of glucose value close to the target
(~140 mg/dl), a further scan should be suggested in 15-30 min and
eventually a snack with 15 g of complex carbohydrates (i.e. two crackers
or 20 g of bread) should be taken. On the contrary, in case of severe hy-
perglycemia (>250 mg/dl) a CBGM confirmation could be useful. An
extra insulin bolus, calculated according to ISF subtracting 60 mg/dl to
the glucose value indicated by FSL, should be injected. A new glucose
scan should be performed after 60 min to revalue the situation. Patient
should be advised to take into account the insulin on board of the cor-
rection bolus at the time of subsequent insulin injection.
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HYPOGLYCAEMIA (<100 mg/dl)

Regardless the direction of the trend arrow, hypoglycemia must al-
ways be confirmed with a CBGM (3C rule, see below). In case of
CBGM <70 mg/dl patient should correct with rapidly-absorbed carbo-
hydrate (sugars), according to the 15-15 rule (see below), while 5 g of
rapidly absorbed carbohydrate may be sufficient if CGBM is between
70 and 100 mgy/dl, to avoid swing up and hyperglycemia. Moreover,
15 g of slow-absorption carbohydrates should be taken in order to sta-
bilize glycemia until the next meal, since insulin is still present in the
circulation and not completely metabolized. FSL users should be ad-
vised to confirm recovery from hypoglycemia with CBGM, because the
FSL could take longer to confirm achievement of normoglycemia, lead-
ing to overcorrection. A glucose reading should be obtained again
30 min after normoglycemia has been achieved and insulin dose calcu-
lated according to such a reading.

3.3. Night time glucose level

The glycemic variations during the night are generally limited.
However, insufficient carbohydrates assumption or intense and
prolonged physical activity during the day time may cause a nocturnal
hypoglycemia.

In case of nocturnal hypoglycemia, FSL user should remember the 3C
rule, therefore a CBGM confirmation and opportune correction are
needed, according with glucose level (15-15 rules). After recovery, doc-
umented with CBGM, 15 g of complex carbohydrates should be taken to
neutralizing the insulin on board and glucose value re-checked with
CBGM after 30-60 min.

A retrospective observation of repeated prolonged nocturnal hypos
should address the FSL user to evaluate, according with the physician,
a dose reduction of basal insulin and/or the choice of a newer basal in-
sulin analogue characterized by both, a lower incidence of nocturnal
hypos*? and major flexibility in time of injection (any time of the day).

However, in case of repeated awareness nocturnal hypos, an
alarmed CGM should be suggested.

3.4. Hypoglycemia correction: 3C rule and 15-15 rule

In case of hypoglycemia, FSL user should be advised to follow the 3C
rule: Confirm the hypoglycemia by CBGM, Correct according with 15-15
rule and Check again glucose level with CBGM. FSL users should use
15-20 g glucose as preferred treatment in case of blood glucose
<70 mg/dl [3.9 mmol/L]), although any form of carbohydrate that con-
tains glucose may be used, while 5 g of rapidly absorbed carbohydrate
may be sufficient if CGBM is between 70 and 100 mg/dl. Fifteen minutes
after treatment, if CBGM shows continued hypoglycemia, the same treat-
ment should be repeated. Patients should be advised not to snack until
their FSL glucose levels approach the target value, because of the lag-
time, to avoid over-correction. Only once CBGM returns to normal, the
person should ingest meal or snack (15 g of complex carbohydrates, i.e.
two crackers or 20 g of bread) to prevent recurrence of hypoglycemia.*>

4. Inappropriately behaviors and pitfalls with FSL

The relative low cost of FSL led to a wide diffusion of this system, also
among unselected subjects, with consequent improper use of the de-
vice. The simplicity of use and unnecessary fingertip pricking can lead
both, an excessive number of scans with consequent inappropriate cor-
rections or too low scans (like a traditional CBGM), not allowing to fully
exploit the potentiality of the FSL. Moreover, because FSL is cheaper
than CGM, also patients unable to recognize signs and symptoms of hy-
poglycemia, who instead need an alarmed system, could inadequately
choice this device.

Finally, beside to the inappropriate use of FSL, some pitfalls should
be considered to avoid that the system become “unsafe”. For example,
aesthetic reasons as the visibility of the device may induce patients to

choice unsuitable, not recommended and therefore not reliable applica-
tion sites. Moreover, although FSL is considered accurate, to date there
are not enough data in clinical practice on the safety of “non adjunctive
use” of FSL, therefore, actually we recommend confirmation by CBGM of
extreme glucose values (hypos or severe hyperglycemia) before thera-
peutic decisions.

5. Conclusive considerations

SL system is a new method to detect glucose enabling a new para-
digm in glucose monitoring and self-management. Patients could easily
follow the progression of their glucose levels over the time, allowing
early detection and timely treatment of deviations from targeted glu-
cose level range, thus preventing extreme fluctuations. Improved
glycaemic control and avoidance of repeated daily finger sticks will
help ensuring improved quality of life. However, in order to take full ad-
vantage of the system both the caregiver and the person with diabetes
must appreciate the need of careful interpretation of the data generated
by the FSL. To this purpose we have generated recommendations that
are based on methods suggested for CGM, our clinical experience and
discussion with experienced patients using FSL. Our recommendations
have a pragmatic value but no formal evaluation in proper clinical
trial. Insulin-treated diabetes still implies a complex management but
we hope our pragmatic approach may help patients to improve glucose
control.
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