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Family of EIS operation

More than 30 years of EIS family in operation



EIS for transdermal delivery 

“Best Demonstration Award”
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Context

Transdermal drug delivery advantages:

• no first-pass metabolism,

• less toxicity,

• less side effects

• greater patient compliance.

Strategies:

• Chemical Enhancers,

• Physical systems as:

• Sonophoresis,

• Iontophoresis,

• Electroporation.
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General problem

Different tissue conditions due to inter- and intra-individual 

characteristics (e.g. age, sex, ethnicity)

Lack for non invasive and in vivo assessment 

of the actual dose of drugs 

Loss of the posology concept



State of the art

• No personalized dosages 

• Possible waste of medication

• No real-time feedback to patient

• Biopsy

• Suction blisters

• Tape stripping

• Confocal Raman Spectroscopy

• Colorimetric scale for corticosteroid



Transdermal delivery in aestethics



Aesthetics without posology

courtesy of: thedoctorstv.com.

http://thedoctorstv.com/


• Low cost

• Non invasive measurement method

• Immediate  efficacy  assessment  for  all non-invasive 

systems for intradermal convey.

• A method based on impedance spectroscopy (f < 50 kHz) 

for measuring  a substance delivered under the skin 

General aims

Idea

Requirements
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• Eggplants 

• A commercial drug used in aesthetics dermatology

with a conductivity of 526 μS/cm

• Pre-gelled Ag/AgCl Electrodes

• Solartron 1260

to investigate relationship among 

1. (i) drug amount (ii) impedance

2. and (iii) uncertainty sources.

Screening measurement campaign

Laboratory emulation
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Although uncertainty (different eggplant pulpe, electrode configuration, etc.) 

a clear relationship between amount of injected substance and impedance

A drug increase by 0.8 ml determines a 

decrease in impedance magnitude by 800 .

The trend of the phase is not 

correspondingly regular

Laboratory emulation

|Z|
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Laboratory emulation

Eggplants

Very linear behavior
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Ex-vivo tests

Pig earsStill good linear behavior



16

Clinical tests

Human subjects

Satisfying linear behavior



EIS in diabetology



Diabetes: a pancreas desease

courtesy of: 10insalute.com

http://10insalute.com/


Artificial Pancreas
Artificial Pancreas (AP) consists of closed-loop control of blood 

glucose in diabetes)

Glucose 

Sensor

Insulin 

Pump

Control 

Algorithm



AP operation
The loop is closed in case of basal insulin administration (i.e. long term, e.g. 

daily).

At each meal, when food is ingested, further insulin is administered 

specifically (Bolus).



The Bolus  problem

Even most recent systems cannot react to such quick glucose swing. 

Needs for new control inputs: e.g., 

1. insulin sensitivity factor (ISF) 

2. and insulin duration of action. (IDA) 

They are both fixed during Artificial Pancreas

calibration. 



Bioavailability
However,  ISF and IDA can be 

subject to significant variations 

depending on the kinetics of the 

insulin absorption (bioavailability). 

intravenous

oral route

plasma 

concentration

Fraction of an administered dose of 

unchanged drug reaching the 

systemic circulation.

The insulin bioavailability over time is 

assessed indirectly from the 

measurement of its time dependent  

disappearance from the 

administration volume



The insulin variation is assessed noninvasively by EIS. 

The leakage of a given amount of insulin (ml) produces a 

corresponding variation in the measured equivalent 

impedance in the administration volume. 

The idea - 1

configurations. In two-wires configuration, the gel progressive penetration into the tissue results in a decrease in contact

impedance within 160 min. The four-wires configuration neutralized this effect: The drift is 2.9% (Fig.4).

3.2.3 Sensitivity

The insulin meter sensitivity wasassessed by the slope of the linear model. The average value isequal to 24.7ml -1 in 12 mm

and 497.3ml-1 in 5 mm setup. In particular, for avariation of 1 ml of insulin, acorresponding variation of 497.3% isappreciated

in percentage impedance with respect to the initial value before the injection. The typical trend of results in eggplant in 5 mm

Fig.5 indicates the percentage change in impedance in relation to the drug quantity. A sensitivity improvement of 20% due to

the 4-wire configuration is highlighted13.

Figure 5. Percentage impedance magnitude variation vs amount of insulin solution in in-vitro experiments in 5 mm setup.

3.2.4 Non-linearity

The non-linearity was determined through one-way ANOVA (ANalysis of VAriance), as the standard deviation of the residuals

of the linear model. The typical percentage value (expressed as the average ± 1-s of the sample mean) for 5 mm is reported in

Tab.1 for personalized and the generic model. The personalized model exhibits a non-linearity always lower than the generic

model.

3.2.5 Repeatability

The 1-s repeatability of the 12-mm and 5-mm setups was assessed as the percentage variation with respect to the initial

impedance value at varying the amount of injected drug. Average percentage values of 0.31% and 1.3% were determined per

the 12-mm and the 5 mm setup, respectively. The trend for the former setup is reported in Fig.6A.

3.2.6 Reproducibility

A 1-s inter-individual reproducibility of 0.1% and 0.7% wasassessed for the personalized and thegeneric solution, respectively,

for the12-mm setup. Thereproducibility for theoptimal setup are 2.4% and 2.7% for thepersonalized and generic solution,

respectively.

3.2.7 Accuracy

In Figs.7, the RMS of the deterministic error is reported at varying the injected insulin, for both the personalized (+ ) and the

generic model (⇥), in the A) 12-mm and B) 5-mm setup, respectively.

3.3 Ex-vivo tests

3.3.1 Experimental setup

According to several studies, the pig has properties very similar to human skin. The permeability of the membrane20, as well as

the epidermal thickness and the lipid part, are indicated to be very similar to those of humans21,22. For this reason, ex-vivo tests

were carried out on 15 samples of abdominal non-perfused muscle of different pigs, under controlled conditions (25◦ C, and

relative humidity of 50%). The parts have dimensions of of 7 x 7 x 4 cm, and the surface was treated before each test. The

optimal setup was used, by carrying out five consecutive injections of 2U/ml, at a depth of 4 mm via insulin pen. The resulting

metrological characteristics are represented analogously as in eggplant experiments. In Fig. 8, the trend of the percentage

variation of the impedance module is reported at varying the injected insulin.
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At each administration, a linear model for the individual 

subject in each his/her condition is identified 

(personalized medicine). 

The idea - 2

Personalized medicine

Significant increase in inter-

and intra-individual 

reproducibility of 

bioavailability measurements 



Inverse model of insulin appearance is used in the
absorption (disappearance) phase

Measured Impedance

Estimated amount of drug still not absorbed

t= t0 t= t1 > t0

The idea - 3



EIS Insulin Meter



Prototype

A. Doughterboard BIO3Z 

for 4-wire bioimpedance

measurement

B. Battery

C. ON and Reset buttons

D. Display



In-vitro results

configurations. In two-wires configuration, the gel progressive penetration into the tissue results in a decrease in contact
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The insulin meter sensitivity wasassessed by the slope of the linear model. The average value isequal to 24.7ml -1 in 12 mm

and 497.3ml-1 in 5 mm setup. In particular, for avariation of 1 ml of insulin, acorresponding variation of 497.3% isappreciated

in percentage impedance with respect to the initial value before the injection. The typical trend of results in eggplant in 5 mm

Fig.5 indicates the percentage change in impedance in relation to the drug quantity. A sensitivity improvement of 20% due to

the 4-wire configuration ishighlighted13.

Figure 5. Percentage impedance magnitude variation vs amount of insulin solution in in-vitro experiments in 5 mm setup.
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The non-linearity was determined through one-way ANOVA (ANalysis of VAriance), as the standard deviation of the residuals

of the linear model. The typical percentage value (expressed as the average ± 1-s of the sample mean) for 5 mm is reported in

Tab.1 for personalized and the generic model. The personalized model exhibits a non-linearity always lower than the generic
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The 1-s repeatability of the 12-mm and 5-mm setups was assessed as the percentage variation with respect to the initial

impedance value at varying the amount of injected drug. Average percentage values of 0.31% and 1.3% were determined per

the 12-mm and the 5 mm setup, respectively. The trend for the former setup is reported in Fig.6A.

3.2.6 Reproducibility

A 1-s inter-individual reproducibility of 0.1% and 0.7% was assessed for thepersonalized and thegeneric solution, respectively,

for the12-mm setup. The reproducibility for theoptimal setup are 2.4% and 2.7% for the personalized and generic solution,

respectively.

3.2.7 Accuracy

In Figs.7, the RMS of the deterministic error is reported at varying the injected insulin, for both the personalized (+ ) and the

generic model (⇥), in the A) 12-mm and B) 5-mm setup, respectively.

3.3 Ex-vivo tests

3.3.1 Experimental setup

According to several studies, the pig has properties very similar to human skin. The permeability of the membrane20, as well as

the epidermal thickness and the lipid part, are indicated to be very similar to those of humans21,22. For this reason, ex-vivo tests

were carried out on 15 samples of abdominal non-perfused muscle of different pigs, under controlled conditions (25◦ C, and

relative humidity of 50%). The parts have dimensions of of 7 x 7 x 4 cm, and the surface was treated before each test. The

optimal setup was used, by carrying out five consecutive injections of 2U/ml, at a depth of 4 mm via insulin pen. The resulting

metrological characteristics are represented analogously as in eggplant experiments. In Fig. 8, the trend of the percentage

variation of the impedance module is reported at varying the injected insulin.
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Eggplants

Very linear behavior



Ex-vivo results

configurations. In two-wires configuration, the gel progressive penetration into the tissue results in a decrease in contact

impedance within 160 min. The four-wires configuration neutralized this effect: The drift is 2.9% (Fig.4).

3.2.3 Sensitivity

The insulin meter sensitivity wasassessed by the slope of the linear model. The average value isequal to 24.7ml -1 in 12 mm
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Fig.5 indicates the percentage change in impedance in relation to the drug quantity. A sensitivity improvement of 20% due to

the 4-wire configuration ishighlighted13.

Figure 5. Percentage impedance magnitude variation vs amount of insulin solution in in-vitro experiments in 5 mm setup.
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were carried out on 15 samples of abdominal non-perfused muscle of different pigs, under controlled conditions (25◦ C, and
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Pig muscleStill good linear behavior



Ex-vivo results
Pig muscle

Figure 6. 1-s -repeatability vs amount of injected drug in in-vitro (A) and ex-vivo (B) experiments.

Figure 7. Percentage accuracy of personalized (+ ) and generic (⇥) model vs amount of insulin, in in-vitro experiments for

(A) 12-mm and (B) 5-mm setup.

4 Methods

4.1 Laboratory tests

Laboratory tests were carried out trough an equivalent circuit obtained as a parallel between a capacitor [0.5 nF] and a

resistor [42-2500W] (realized by 1433-M Decade Resistor and aStandard Capacitor Type 509-F both of General Radio). 32

measurements were performed at the frequencies of [100, 120, 10000, 10000, 20000] Hz, with a sine wave amplitude of 100

mV, at a temperature of 23◦ C and humidity of 50%. The impedance module of the RC loop were assessed as average and

standard deviation, and compared with LCR Meter Agilent 4263B from Agilent Technologies as a reference.

4.2 In-vitro tests

The in-vitro tests were implemented on peeled eggplants (size 10 x 4 x 4 cm) dried under the same conditions: 2 h, temperature

of 23◦ C, and relative humidity of 50%. Two different inter-electrode distance set-ups were used: 12 mm and 5 mm. For

the (i) 12 mm inter-electrode distance were used two FIAB PG500 electrodes (28 x 36 mm) cut in half, using a sinusoidal

voltage amplitude of 20 mV, at a frequency of 1 kHz. Lilly’s Humalog pen solution, containing fast-acting insulin (100 UI/ml,

where each UI indicates 0.0347 mg of human insulin) was used. Insulin was injected by five consecutive steps of 0.05 ml

(thus reaching a total volume of 0.25 ml), at a depth of 8 mm (PIC Insumed 31G syringe with G31 x 8 mm). For (ii) 5 mm

inter-electrodic distance were used two FIAB PG500 electrodes, cut lengthwise to obtain four electrodes of dimensions 7 x 36

mm. The insulin injection was performed using at 100 U/ml Insulin Pen at a depth of 4 mm. 2 U/ml were administered for five

consecutive injections (reaching a total volume of 10 U/ml in each individual experiment), in order to make the experiment

more similar to clinical practice and diabetic use levels. In both cases (12 mm and 5 mm setup), preliminary measurements

were carried out for each sample before infiltration.

8/11

Personalized model

Generalized model

Personalization accuracy



In-vivo results
Figure 8. Typical percentage magnitude variation vs insulin

solution in ex-vivo experiments.

Figure 9. Percentage accuracy of personalized (+ )

and generic (⇥) model vs amount of drug in in-vitro

experiments.

Figure 10. Insulin injection during in-vivo

experiments.

Figure 11. Typical percentage magnitude variation vs

insulin solution in in-vivo experiment.

4.3 Ex-vivo tests

The ex-vivo tests were performed on abdominal non-perfused muscle of different pigs, under controlled conditions 25◦ C, and

relativehumidity of 50%. Thepartshavedimensions of 7 x 7 x 4 cm. Thesurfacewastreated beforeeach test: thephysiological

residual liquid was removed with a buffering gauze and a disinfectant wipe was used to remove residual germs and bacteria on

the surface. The optimal setup (5 mm inter-electrodic distance) was used at adepth of 4 mm viaLilly’sHumalog insulin pen by

carrying out five consecutive injections of 2U/ml (reaching a total volume of 10 U/ml). FIAB PG500 electrodes sized at 7 x 36

mm with a sinusoidal voltage amplitude of 20 mV at a frequency of 1 kHz were used.

4.4 Preliminary in-vivo test

The study was conducted in accordance with the Declaration of Helsinki. The experimental protocol was approved by the

ethical committee of the University Federico II. Written informed consent was obtained prior to the experiment. The volunteer

is a patient already undergoing diabetic therapy, with ultra-fast insulin administered as bolus in suitable amounts 20 min before

meals. The same setup with inter-electrode distance 5 mm and injection depth 4 mm was used. The insulin was administered

with a Lilly’s Humalog pen at successive steps of 0.02 up to the final amount of the patient therapeutic value of 0.10 ml

(equivalent of 10 U/ml). The parameters of the Insulin Meter system sinusoidal voltage amplitude of 20 mV and a frequency of

1 kHz were set.
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Internet of NanoThings (IoNT)

Molecular data 

communications!

We’ll have a further sense?!

Nanosensors embedded over the world transmitting info under request



THANK YOU 

FOR YOUR ATTENTION!

Magnets, Superconductors and 

Cryostats (MSC)

GROUP 
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