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TECHNOLOGY OVERVIEW
MECHANISM OF ACTION
The Kiffik Electroporator and Extractor are compact,
wearable devices that offer sustained, continuous, and
noninvasive access to interstitial fluid (ISF). The process
is painless, non-heat generating, and reversible at the
end of the process of extraction, thus leaving no
permanent changes to the epidermis of the wearer.
The technology works by forming stable microopenings through the epidermis. Once the microopenings have been created, the device uses negative
pressure to extract interstitial fluid at a low-flow rate.
Once extracted, Kiffik Biosensors will be able to detect
both systemic and localized biomarkers.
The system is designed to be worn within a convenient,
comfortable wristband, but could also be applied to
other areas of the body.

BACKGROUND
Based on years of research, development, and testing,
Kiffik Biomedical, Inc. has developed a novel medical
device which incorporates 2 patented, distinct
technologies: the Kiffik Electroporator and
Extractors.
Used together or independently, these technologies
offer transformative diagnostic advantages that can
accelerate the understanding of chronic disease and
the discovery of biopharmaceutical solutions.
Additionally, the science and patents that support the
diagnostic device have demonstrated potential for
future therapeutic applications via transdermal drug
delivery.

APPLICATIONS
Together, our novel products are expected to have farreaching applications in multiple biomedical,
pharmaceutical, and academic scientific research
arenas. These include preclinical through phase 3 clinical
drug development, production of biotherapeutic
molecules, and research and development of novel
biomarkers.
Currently, our product also shows promise in
therapeutic application, serving as a convenient and
noninvasive substitute for standard hemodialysis.

SCIENTIFIC RATIONALE
Early and accurate disease detection and monitoring
are critical in establishing appropriate therapies and
enabling proactive care strategies.
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Blood plasma and serum are currently the most readily
available and frequently used bodily fluids for the
diagnosis and monitoring of diseases, as well as the
investigation and discovery of novel biomarkers. These
biomarkers may be used as diagnostic tools or to
elucidate new molecular pathways involved in diseases
and pathogenetic mechanisms.
Although widely utilized, blood plasma and serum offer
drawbacks, in that they can only be collected using
invasive techniques and can only provide information on
systemic biomarkers (those circulating throughout the
body).
To overcome the limitations of plasma and serum,
researchers have explored other biological matrices for
the screening of systemic biomarkers, as well as the
identification of biomarkers at more local levels within
the body.
Examples of such alternative biological matrices include
tumor tissue, cerebrospinal fluid, and ISF.

ISF can help clinicians, researchers, and
biopharmaceutical developers overcome
the limitations of plasma and serum
monitoring.
Many decisions in drug development and clinical
practice are based on measuring blood concentrations
of endogenous and exogenous molecules, yet most
biochemical and pharmacological events take place in
the tissues represented by the ISF. Moreover, with few
notable exceptions, most drugs exert their effects not
within the bloodstream but in defined target tissues.
Therefore, plasma drug profiles are frequently
inappropriate for predicting pharmacodynamic and
clinical outcomes. Instead, it is often the ISF in the
surrounding tissue space that is most closely related to
the site of action, or biophase, of the drug.

In addition, it is often not possible to utilize
blood, or its use may be very limited and
difficult due to medical concerns or other
limitations.
In these circumstances, especially, ISF may allow
noninvasive and continuous access to the same
diagnostic information present in blood. Wellestablished examples where the use of blood is
impossible, limited, ineffective, or otherwise
problematic include:
1.

2.

3.

4.

5.

6.

Applications requiring continuous monitoring.
The continuous monitoring of glucose levels, as
an example, requires insertion of a sensor under
the skin to create contact with the ISF and avoid
blood vessels.
In the pediatric setting, the volumes of blood
obtainable from newborn or preterm infants are
very limited, as low as 2 mL per week. In such
cases, ISF could be obtained continuously and—
more importantly—noninvasively.
Similar to pediatric patients, obtaining blood
samples from some human or animal subjects
can be very difficult, for behavioral or physical
reasons related to venous access, etc.
Although peritoneal dialysis is an option for some,
hemodialysis of blood cannot be performed in a
continuous manner (over days) or in a portable
and compact way. However, continuous dialysis
of the ISF over a period of months offers this
option.
The preparation of plasma for therapeutic
purposes requires its separation from the cellular
components of blood, which ISF does not require.
Moreover, the quantity of plasma produced from
a single blood donation or plasmapheresis is a
fraction of what could be obtained if ISF is used.
Production of therapeutic antibodies from
animals is labor-intensive and yields may be low
when blood is used. These could be substantially
increased and simplified if ISF is used.
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7.

Pharmacodynamic and pharmacokinetic studies
of new drugs in preclinical and clinical phases are
limited by the number and the quantity of blood
samples, specifically when small animals are used.
ISF sampling may solve these problems.

To date, several attempts have been made to provide
access to ISF for diagnostic or monitoring purposes
when the use of blood is impossible, impractical,
complicated, too costly, or leads to inconclusive results.
Currently available tools include suction blister,
microdialysis, microfiltration, and open flow
microperfusion (see Table 1). These techniques,
however, have failed to enable the extraction of ISF with
all its native components, and produce only a small
fraction of the total ISF diluted in an aqueous or organic
solution.

POTENTIAL BENEFITS
Based on all research conducted to date, Kiffik devices
and components are completely noninvasive; nothing is
inserted under the skin or into the body, and their use is
painless. They also offer the following advantages:
The Kiffik Electroporator and Kiffik Biosensors
jointly allow extraction of ISF from humans and
animals. Partial analysis of the ISF has allowed us
to quantify 3 types of immunoglobulins: IgG, IgM,
and IgA. Thus, our technology can extract from
ISF different components with molecular weights
greatly exceeding 150 KDa (up to 900 KDa in the
case of IgM)
The simplicity of this technology makes it easy to
produce reliable and repeatable results. This
simplicity also supports other advantages, such
as low manufacturing costs, and ease of use
The simplicity and noninvasiveness of the
process render it intrinsically free from immune
system responses and inflammation, a critical
foundation for its effectiveness and reliability.
These responses are documented to effectively
attack and render inoperative many monitoring
devices, such as sensors, that are implanted
within a living subject’s body

§

§

§

At Kiffik, we have developed an advanced
technology that offers access to ISF and has
the potential to replace blood-based
monitoring.
Our technology is the first and only to provide
noninvasive, microneedle-free access to ISF in a
wearable device. Our approach will enable the
extraction of ISF with all its native components, making
ISF a viable option for the research and monitoring of
new and available biomarkers. By providing a solution
that overcomes the most significant challenges in
biomarker monitoring, we believe Kiffik technology can
become the new gold standard in monitoring—not only
in those circumstances for which blood-based
monitoring is particularly challenging, but across
numerous routine monitoring applications.

For the first time, extraction of ISF with all its
components will be available for multiple scenarios:
§

§

§

For scientists, physicians, veterinarians, and
hospital professionals to perform continuous
or periodic monitoring of biomarkers
For biotechnologists to produce antibodies,
other therapeutic molecules, and therapeutic
cells such as lymphocytes
For pharmaceutical drug development in
preclinical through phase 3 studies
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§

§

Our process can be sustained for extended
periods of time. During continuous testing
intervals lasting up to 3 weeks, we have
successfully analyzed the concordance of
measurements between glucose concentrations
in drops of extracted ISF and drops of capillary
blood from fingers
Beyond monitoring, Kiffik Biomedical, Inc.
technology can provide the foundation for future
development of a wearable artificial kidney, with
the following potential advantages:
o Ability to continuously remove waste
that builds up in the body and
bloodstream due to kidney failure by
cleansing the ISF without affecting the
blood system
o Operation at low flow rates of
≤0.5mL/minute are not expected to
cause medical complications, in a
tightly closed loop system designed to
prevent any contamination
o Only one component of this system
will be minimally invasive
(hypodermoclysis) and the rest of the
system will be completely noninvasive
o Greater ease of use for the patient,
requiring only 2 perfusate solution bag
changes, 2-4x every 24 hours

§
§

Optimal wearability, light, and compact design—
approximately the size of a small cell phone
Fully automated and waterproof, will allow the
user to live a normal life, work, engage in sports
and other activities, and travel

CONCLUSION
The potential applications for our technology are
expansive and offer opportunity to advance many fields
of medicine.

Kiffik is not just changing the future of
health monitoring—we’re accelerating the
future of healthcare.
Through strategic partnerships, we will rapidly expand
the understanding of diseases, expand possibilities in
preventive medicine, accelerate the discovery and
development of new therapeutics, and empower
patients to proactively manage their health.
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APPENDIX
ISF is a unique bodily fluid of great potential interest as a source of biomarkers and other biomolecules that has received
little prior attention, largely due to a lack of straightforward methods to collect ISF via the dermal route.
Several methods, devices, and techniques shown in Table 1 have been used to gain access to ISF or to obtain samples of
this fluid locally by biopsy, such as fluid around a cancerous mass.
Table 1: Methods and Techniques Used to Access the ISF

Method
KIFFIK ISF
extractor

How
performed
Extraction through
micro-openings in
the epidermis

What is
sampled

Advantages

Native interstitial
fluid

Ex-vivo (noninvasive)
Continuous

Disadvantages
None identified

Long duration
Wearable

Glass
capillaries

Insertion by blunt
dissection in vivo

Fluid from tumor
periphery or
sectioned
surface

In vivo, native fluid

Bleeding, inflammation

Implantable
chambers

Chronically
implanted

Fluid draining
from central part
of tumor

In vivo, native fluid

Implanted
wicks

Implanted acutely
or chronically

Fluid absorbed
into wicks during
implantation

In vivo, native fluid

Chronic implantation more
representative than acute

Microdialysis

Insertion of
semipermeable
membrane

Substances
diffusing across
membrane

In vivo semicontinuous
and repeated sampling

Recovery especially low for
macromolecules
Must be applied under
permanent local anesthesia for
humans and total anesthesia
for animals

Cellular disruption

Continuous and
repeated sampling

Requires chronic restraint of
animal
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Open flow
microperfusion

Suction blister
fluid

Capillary
ultrafiltration

Tissue
centrifugation

Insertion of
semipermeable
membrane

Substances
diffusing across
membrane

In vivo semicontinuous
and repeated sampling

Recovery especially low for
macromolecules. Must be
applied under permanent local
anesthesia for humans and
total anesthesia for animals

Separation of the
epidermis from
the dermis under
a negative
pressure above
the skin

Localized
substances
trapped in blisters
between the
epidermis

Noncontinuous, good
representation of the
subcutaneous fluid

Noncontinuous

Negative
pressure applied
to semipermeable

In vivo continuous and
repeated sampling

Inflammation

membrane

Substances
transported by
bulk flow across
membrane

Excised tissue
exposed to
increased G-

Fluid from tumor
periphery or bone
marrow

Noncontinuous native
fluid

Composition validated by
extracellular tracers

Leaves large traces on the skin
Painful

and dermis

Incomplete recovery of the
sample

force
Tissue elution

Elution of minced
tissue

Substances
dissolved in
elution buffer

Native fluid

Composition validated by
extracellular tracers

Microneedleassisted
technique

Dermal fluid
collected by
micro-capillarity

Fluid present in
first thin layer of
the epidermis

Noncontinuous
representation of the
subcutaneous fluid

Difficult to implement; small
amount of subcutaneous fluid
obtained (< a few µL) even if
large surface area is treated
Subject to contamination
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Analysis of ISF Samples Obtained from a Human Volunteer and Select
Animal Species
The following Tables 2 to 5 show the results of analysis of some biomarkers of interest in the ISF extracted from a human
volunteer and select animal species.
Table 2: Select Biomarkers Measured in the ISF Extracted Using the Kiffik Device1
Biomarkers

Concentration
(measured)

Concentration
(normal values in blood)

Glucose

4.5 mmol/L

3-6.0 mmol/L

Potassium

4.8 mmol/L

3.5-5.1 mmol/L

Urea

7.8 mmol/L

3.0-8.0 mmol/L

Total proteins

45 g/L

64-80 g/L

Albumin

30 g/L

35-50 g/L

Alkaline Phosphatase

33 IU/L

20-120 IU/L

Aspartate transaminase

24 IU/L

5-40 IU/L

Creatine Kinase

36 IU/L

30-200 IU/L

Cholesterol

0.81 mmol/L

3.0-6.2 mmol/L

Triglyceride

˂0.3 mmol/L

<1.7 mmol/L

1. Values obtained from ISF extracted from the arm of a single volunteer.
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Table 3: Comparison of Biomarkers Values in the ISF and Blood of a Healthy Volunteer
Interstitial Fluid Biomarkers
General Biochemistry

Blood Biomarkers

Urea

7.5 mmol/L

Urea

4.3 mmol/L

Creatinine

73 µmol/L

Creatinine

93 µmol/L

Sodium

161 mmol/L

Sodium

138 mmol/L

Potassium

4.9 mmol/L

Potassium

3.8 mmol/L

Chlorides

126 mmol/L

Chlorides

102 mmol/L

Total CO2

26 mmol/L

Total CO2

26 mmol/L

Total calcium

1.38 mmol/L

Total calcium

2.52 mmol/L

Ionized calcium

0.67 mmol/L

Ionized calcium

1.22 mmol/L

Total bilirubin

5 µmol/L

Total bilirubin

12 µmol/L

Total proteins

35 g/L

Total proteins

73 g/L

Albumin

Albumin

48 g/L

AST

25 g/L
48 U/L

AST

28 U/L

ALT

9 U/L

ALT

19 U/L

GGT

5 U/L

GGT

11 U/L

Alkaline phosphatase

18 U/L

Alkaline phosphatase

37 U/L

5.2 mmol/L

Lactic acid

2.6 mmol/L

<0.2 mg/L

C-reactive protein

<0.2 mg/L

341 pmol/L

Vitamin B12

310 pmol/L

>45.4 nmol/L

Folic acid

25.4 nmol/L

Lactic acid

General Biochemistry (Inflammation)
C-reactive protein
Erythropoiesis
Vitamin B12
Folic acid

Specific proteins: Immunoglobulins
IgG
IgA

3.12 g/L
0.40 g/L

IgG
IgA

7.45 g/L
1.17 g/L

IgM

0.31 g/L

IgM

1.17 g/L

115 nmol/L

Cortisol

565 nmol/L

Endocrinology
Cortisol
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Table 4: Biomarker Values in the ISF Measured by the Kiffik Device as Compared to Blood-Based Biomarker Values in a
Healthy Volunteer Before and After Hemodialysis2
Interstitial fluid
Biomarker

Blood

Before
hemodialysis

After
hemodialysis

Before
hemodialysis

After
hemodialysis

Alkaline reserves (Bicarbonate),
mmol/L

19.5

20.2

22.3

29.4

Urea, mmol/L

28.8

20.1

22.1

14.1

Creatinine, mg/L

110.11

64.79

101.82

54.34

CPK, IU/L

144.0

74.0

123.0

116.0

Glucose, g/L

1.28

1.29

0.93

1.42

LDH, IU/L

243

243

198

179

Sodium, mmol/L

122.8

124.4

128.0

137.6

Potassium, mmol/L

5.90

5.53

5.48

4.59

Chloride ion, mmol/L

88.0

92.8

84.4

88.9

Transaminases: AST, IU/L

19.4

16.4

15.3

14.9

Transaminases: ALT, IU/L

6.6

5.1

7.7

8.2

Total Cholesterol, g/L

0.38

0.21

1.58

1.4

Cholesterol HDL, g/L

0.10

0.10

0.30

0.30

Cholesterol LDL, g/L

0.21

0.06

1.02

0.86

Triglycerides, g/L

0.33

0.24

1.30

1.34

PSA, ng/mL

0.356

0.327

0.815

0.784

Albumin, g/L

18.10

12.10

47.00

43.00

Gamma-GT, IU/L

8.0

5.0

33.0

39.0

C-reactive protein, mg/L

0.01

0.01

0.89

0.95

2. Data for ISF from the volunteer before and after hemodialysis have no equivalent in the scientific literature and were
obtained by our team using the Kiffik device.
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Table 5. Values of Biomarkers Measured in the ISF of Select Animal Species3
Biomarker

Interstitial fluid
(rabbit)

Interstitial fluid
(donkey)

Leukocytes, number/mm3

6980

Neutrophils, number/mm3

3406

Eosinophils, number/mm3

1501

Basophils, number/mm3

Interstitial fluid
(cow)

7

Monocytes, number/mm3

433

Platelets, number/mm3

43,000

Glucose, g/L

0.73

5.31

9.96

Urea, mmol/L

4.81

0.08

0.08

Creatinine, mmol/L

0.13

Total Cholesterol, Total g/L

0.06

0.34

0.21

Triglycerides, g/L

0.26

1.03

0.37

Transaminases: AST, IU/L

62.6

308.5

99.3

Transaminases: ALT, IU/L

94.3

27.1

89.6

Gamma-GT, IU/L

5.00

18.0

2.0

CPK, IU/L

896.0

395.0

10,984

LDH, IU/L

455

2077

1155

Bicarbonate, mmol/L

11.6

12.9

14.4

Sodium, mmol/L

139.4

131.5

139.4

Potassium, mmol/L

4.23

3.46

4.17

Calcium, mmol/L

96.62

110.5

105.7
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Chloride, mmol/L

106.2

100.1

104.3

Albumin, g/L

33.60

17.8

32.9

C-reactive protein, mg/L

2.25

1.00

0.02

Immunoglobulins: IgG, g/L

2.25

Immunoglobulins: IgM, g/L

0.10

3. Most of the values cited in table are, to the best of our knowledge, measured for the first time
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