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Summary

Summary

Type 1 diabetes mellitus (T1D) occurs when the pancreas fails to produce
insulin. Therefore, exogenous insulin therapy is critical to achieve glycemic
control in patients with T1D and to prevent its complications.

Achieving and maintaining near-normal blood glucose and avoiding acute
glycaemic complications remain challenging for many people with T1D, and
solutions are often sought In devices such as Insulin pumps.While costly
management options, these advances may ultimately prove cost-effective

According to national guidelines, [PT may be considered, and Is assumed to be
most effective, for Individuals who fail to achieve an HbAlc of 7.0 % (53
mmol/mol) or experience recurring hypoglycaemia using MDI .

The main objective of our study was to compare insulin pump therapy, also
known as continuous subcutaneous insulin infusion (CSII) with multiple daily
insulin (MDI) in their efficacy of managing T1D in adult patients

The research employed a cross-sectional online survey utilizing questionnaires
to gather data. The study population comprised individuals diagnosed with Type
1 Diabetes (T1D) who were undergoing treatment with MDI & with Insulin

pump.
A total of 80 participants, with a age rang from 18 75 years , Were randomised
(IPT, n =40; MDI, n = 40) .

The results of our study were that using an insulin pump improves blood sugar
levels, improves metabolic functions, delays the occurrence of complications that
accompany diabetes, and improves quality of life.
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INTRODUCTION

1.1. Diabetes mellitus :- commonly known as just diabetes, is a group of metabolic
disorders characterized by a high blood sugar level over a prolonged period of time. In
order to maintain this blood glucose value In normal parameters, a careful monitoring of it
and Insulin administration are necessary.(1)

1.2. Diabetes technology is the term used to describe the hardware, devices, and software
that people with diabetes use to assist with self-management. (2)

This includes:
* Insulin delivery technology such as insulin pumps and connected Insulin pens
* Glucose monitoring devices meter (CGM system or Glucose meter) .

* More recently, Diabetes technology has expanded to include Hybrid devices that both
monitor glucose and deliver Insulin.

* Also many Health Mobil Apps can provide diabetes self- management support

Diabetes technology, when coupled with education, follow-up, and support, can Improve
the lives and health of people with diabetes.
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Figure 1// Overview of diabetes technology over
time: The journey to today




Theoretic part

1. 3. Insulin is a hormone central regulating carbohydrate and fat metabolism in the body.

Insulin causes liver cells, muscle cells and fat tissue to take up glucose from the blood and store
it as glycogen in the liver and muscle. (3)

1.3.1. Insulin Structure:

Insulin is a peptide hormone composed of 51 amino acids and has a molecular weight of
5808Da. (4)

Two chain polypeptide
A chain-21 AA, B chain-30AA . Held together by two disulfide bonds

eInsulin is produced and stored In the body as a hexamer, while the active form Is the monomer.
4

1.3.2 Insulin Function

» Facilitates glucose transport across the cell membrane

* Facilitates AA entry and synthesis of protein In muscle

* Insulin and Its related proteins have been shown to be produced inside the brain, and reduced
levels of these proteins are linked to Alzheimer's disease.

1.3.3 Insulin Related Diseases

1 .DIABETES MILLITUS

*An all-encompassing term for hyperglycemia or excessive blood sugar.
CLASSIFICATION:

*Type 1/Insulin dependent diabetes mellitus (IDDM)
*Type 2/Non insulin dependent diabetes mellitus (NIDDM)
*Gestational diabetes

Impaired glucose tolerance and prediabetes. (5)
2. INSULINOMA

These are tumors of the pancreatic beta cells that lead to excess Production of Insulin and this
results in hypoglycaemia .(6&7)

3. POLYCISTIC OVARY SYNDROME

A complex syndrome In women that includes features of anovulation, Excess androgens,
hirsuitism, infertility etc .(8)

84. METABOLIC SYNDROME

*Dyslipidemia

*B.P>130/85

*Twaist measurements. (9)




Theoretic part

1.3.4 Types of Insulin

There are several types of Insulin available for the management Of diabetes. Some common
types include: (10)

1. Rapid-acting insulin analogs: These insulins have a fast onset Of action, typically within
15 minutes of Injection, and a Shorter duration of action compared to other types.
Examples Include insulin lispro (Humalog), Insulin aspart (NovoLog), and Insulin
glulisine (Apidra)

2. Short-acting insulin (Regular insulin): regular insulin takes Effect within 30 minutes to
an hour after injection and has a Duration of action of 2-3 hours. It Is also known as
soluble Insulin. An example of this is Humulin R

3. Intermediate-acting insulin: This type of Insulin has a slower Onset of action and a
longer duration compared to rapid-Acting and short-acting insulins. Examples includee
NPH insulin (Neutral Protamine Hagedorn) such as Humulin N and Novolin N. It
typically starts working within 1-2 hours, peaks In 4-12 Hours, and lasts for up to 24
hours

4. Long-acting insulin analogs: These insulins provide a steady Release of insulin over an
extended period, typically lasting 24 Hours or longer. Examples include insulin glargine
(Lantus), Insulin detemir (Levemir), and insulin degludec (Tresiba)

5. Pre-mixed insulin: These insulins are a combination of rapid-Or short-acting insulin and
intermediate-acting insulin in fixed Proportions. They provide both immediate and
prolonged Sugar control. Examples include NovolLog 70/30, Humalog Mix 75/25, and
Humulin 70/30

1.3.5. Adverse effects of insulin

1- Systemic advers effect

* Hypoglycemia: the most common and dangerous side effect. (11)

* Hypokalemia: insulin causes shift of K+ from extra- to Intracellular fluid.
 Hypersensitivity reactions: urticaria, Angioedema or anaphylactic shock. (12)

» Insulin resistance : failure of the body cells to respond to either Endogenous or exogenous
Insulin. As a result, larger doses of Insulin are required to give the desired response. (13)

* wight gain

2- Local adverse effects:

* Allergy: at the site of injection, especially with animal insulin.
Treatment:Change the type of insulin. Local corticosteroids.

* Lipodystrophy: (atrophy or hypertrophy) of s.c. tissue after Repeated injections :
Treatment; rotating the injection site. (14)

* Local infection.




INSULIN PUMPS

1.4. Insulin pumps

An insulin pump Is a small device that delivers Insulin through a small plastic tube
(catheter). The device pumps insulin continuously day and night. It can also deliver Insulin
more rapidly (bolus) before meals. Insulin pumps can help some people with diabetes have
more control In managing blood glucose. (15,16)

The pump provides insulin to the body in two ways: (17)

1. Background (basal) insulin
Small amounts of insulin that are released continuously throughout the day.
2. Mealtime (bolus) insulin
Additional insulin can be delivered on demand to match food intake or to correct high blood

sugar.
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1.4.1How does an insulin pump work? (18)

The pump sends insulin through a narrow plastic tube (a catheter) that ends in a tiny needle.
The needle goes into skin. The tube and needle are called an infusion set. With most
infusion sets, the needle pulls out, leaving a tiny flexible tube called a cannula under skin.

HOW DOES AN INSULIN PUMP WORK?

Flexible tubing delivers insulin
from the pump to your body

INFUSION SET
Insulin goesin the
reservoir inside the YOUR SKIN
pump I \
Continuous | 4 A flexible plastic tube
insulindrops called a cannula sits
under your skin

Fig. 4
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Insulin must be stored at a temperature not
exceeding 8°C. How Is insulin stored in insulin pumps
even though temperatures may exceed 40°C»

To ensure insulin stability and efficacy, insulin pumps employ
several mechanisms to preserve insulin at the appropriate
temperature, even in changing air temperatures.

1.Internal Refrigeration.

Some advanced insulin pumps feature an integrated cooling
system or refrigeration unit.

2.Insulated Casing: Most insulin pumps have an insulated
casing that helps shield the insulin reservoir from external
temperatures.

3. Insulin Cartridge or Pod Design: The insulin cartridges or
pods used in insulin pumps are designed to maintain insulin at
the optimal temperature for an extended period. Some
cartridges or pods use temperature-controlled environments to
ensure insulin remains stable, while others are designed with
materials that help insulate the insulin.

4.emperature Alerts: Insulin pumps come with temperature
alerts to notify users when the insulin temperature is outside
the recommended range. When the temperature reaches a
preset limit, the pump may stop delivering insulin, alert the
user, or both.

)




INSULIN PUMPS

1.4.2. types of insulin pump:

There are several brands of insulin pumps, but the two main categories are tubeless and tubed
pumps.( 19)

1. Tubless( ‘tethered’ )pump uses a fine tube to connect the pump to the cannula; the
pump is worn in a pocket or clipped to a belt.

2. patch pump or micro pump has no tubing or a very short tube, and the pump is usually
stuck on to the skin .

Insulin pumps
Pump types
Pump with tubing 7

Tubeless
PpPuMmp

Pump

Fig. 5

Tubing Insertion site

Insulin injected Infusion set
into fatty tissue
below the skin

1.4.3. Insulin pump and insulin adverse effects

-Insulin pumps can prevent or reduce many side effects of insulin through various
mechanisms, including: (20)

¢ Hypoglycemia :-
Insulin pumps can help prevent hypoglycemia in several ways. One key feature of an
insulin pump is its ability to deliver insulin in small, precise increments, allowing for
better control and avoidance of sudden drops in blood sugar levels. The pump can be
programmed to deliver different basal rates of insulin throughout the day, mimicking
the body's natural insulin secretion patterns and reducing the risk of hypoglycemia.
Insulin pumps also offer customizable features such as temporary basal rates and
insulin sensitivity settings. This means that users can adjust their insulin delivery to
match their activity levels, meal times, or changes in insulin sensitivity. By having
more control over insulin delivery, individuals with diabetes can better manage their
blood sugar levels and lower the risk of hypoglycemia.

» Lipodystrophy:-
Insulin pumps can help prevent lipodystrophy, a condition characterized by the loss of
subcutaneous fat at injection sites, by providing consistent insulin delivery and
allowing for proper site rotation. Lipodystrophy occurs when the same injection site is
used repeatedly, causing damage to the subcutaneous tissue and leading to fat
redistribution.

L)

L)

-6-




INSULIN PUMPS

+¢ allergic reactions
insulin pumps can help prevent allergic reactions by offering different types of insulin
infusion sets. These sets include various cannula and infusion options, such as
stainless steel needles or flexible plastic catheters. This allows users to choose the
type of infusion set that works best for them and reduces the likelihood of allergic
responses to specific materials.
¢ Inconsistent insulin absorption:
Insulin absorption can vary from one injection site to another, leading to inconsistent
blood glucose control. Insulin pumps provide continuous and stable infusion of
insulin, promoting more consistent blood sugar levels and reducing the risk of high or
low blood sugar fluctuations caused by absorption inconsistencies.

L)

* Over/under-dosing errors:
With insulin pens or syringes, there is a potential for dosing errors due to manual
calculations or incorrect insulin measurements. Insulin pumps allow for precise
programming of insulin doses, reducing the likelihood of errors and enhancing overall
accuracy. This occur by many mechanisms
= Basal rate : Allows for continuous background insulin delivery at set rates
throughout the day and night
= Bolus delivery : Enables the user to deliver an extra boost of insulin to cover
meals or correct high blood sugar levels
= (Carb counting : Allows for precise insulin dosing based on the number of
carbohydrates consumed
= Temporary basal rate : Lets users adjust their basal rate for specific situations,
such as exercise or illness
= [Insulin on board (IOB) : Calculates the amount of insulin still active in the
body from previous boluses and prevents insulin stacking, which can lead to
hypoglycemia

A study compared insulin pumps and the use of insulin injections

Question

Are the rates of severe hypoglycemia and diabetic ketoacidosis lower with insulin pump
therapy than with insulin injection therapy in young patients with type 1 diabetes?

Findings

In this population-based observational study including 30 579 young patients with type 1
diabetes, pump therapy, compared with injection therapy, was associated with significantly
lower rates of severe hypoglycemia (9.55 vs 13.97 per 100 patient-years) and ketoacidosis
(3.64 vs 4.26 per 100 patient-years), and with lower hemoglobin Alc levels (8.04% vs

8.22%) in a propensity score—matched cohort.
-7-




CONTINUOUS GLUCOSE MONITOR (CGM)

1.5. Continuous glucose monitor (CGM)

A continuous glucose monitor (CGM) is a wearable device that tracks blood glucose (sugar)
every Few minutes without the need for fingersticks, throughout the day and night. The
readings are relayed in real time to a device which Can be read by the patient, caregiver or
health-care provider, even remotely. This can be lifesaving for people who experience low
glucose at night and risk not waking up in the morning .(21)

1.5.1. Work of continuous glucose monitor (CGM) (22)

CGM systems work by continuously measuring glucose levels in the interstitial fluid, which
1s the fluid surrounding cells in your body. Here's how it works in detail:

1. Sensor Placement: A small sensor, usually about the size of a quarter, is inserted just
under the skin, usually on the abdomen or arm. The sensor has a tiny electrode that
measures glucose levels in the interstitial fluid. (23)

2. Glucose Measurement: The sensor uses an enzymatic reaction to detect the glucose
levels around it. The enzyme reacts with glucose, producing a small electrical signal
proportional to the glucose concentration.

3. Data Transmission: The sensor wirelessly transmits the glucose readings to a receiver
or a smartphone app. Some CGM systems use Bluetooth or other wireless
technologies, allowing you to conveniently monitor your glucose levels on your
phone or other compatible

4. Data Interpretation: The receiver or app processes the glucose data and displays it as
real-time glucose readings on a graph or numeric display. You can see your current
glucose level, as well as the trend over the past few hours. (24)

5. Alarms and Alerts: CGM systems often have customizable alarms and alerts that
notify you when your glucose levels are too high or too low. This helps you take
prompt action to prevent dangerous situations such as hypoglycemia or
hyperglycemia.

6. Trend Analysis: By examining the glucose trend line, you can identify patterns and
make informed decisions regarding insulin doses, diet, and physical activity. CGM
systems can provide valuable insights into how your glucose levels respond to various
factors, allowing you to adjust your diabetes management accordingly.

——— SKIN
/I‘\
TRANSMITTER - GLUCOSE
I SENSOR
CELL
c /

Fig. 6

INTERSTITIAL FLUID GLUCOSE




CONTINUOUS GLUCOSE MONITOR (CGM)

There are a few different types of CGM (continuous glucose monitoring) systems
available. Here are some common types:

I.

Real-Time CGM: Real-time CGM systems provide continuous glucose readings in
real-time. They typically consist of a sensor inserted under the skin and a receiver or
smartphone app that displays the glucose data. This type of CGM allows you to
monitor your glucose levels continuously throughout the day and night. (25)

Professional CGM: Professional or retrospective CGM systems are used in clinical
settings or by healthcare professionals. They involve wearing a CGM device for a
specified period, such as a few days or a week. After wearing the device, the
collected glucose data is analyzed and used to assess your glucose patterns and make
treatment adjustments if necessary. (26)

. Flash Glucose Monitoring: Flash glucose monitoring systems, also known as

"intermittent scanning" systems ( without transmitter) also use a sensor placed under
the skin. However, instead of providing continuous glucose readings, they require
users to scan the sensor with a reader or smartphone app to obtain glucose readings.
This type of CGM eliminates the need for fingerstick calinecessary. (27,28)

Integrated Insulin Pump CGM: Some insulin pumps have integrated CGM
functionality. These systems combine insulin delivery and continuous glucose
monitoring Into a single device, eliminating the need to carry separate devices.

. Disposable Patch CGM: Disposable patch CGM systems use a small sensor patch

that is worn on the body. The sensor patch is usually discarded after a certain period,
such as one to two weeks, and replaced with a new one.

CGM categories

Professional Personal

Not compatible with smartphones or insulin pumps  Compatibility with smartphones and insulin pumps

Blinded and unblinded (real-time feedback) options Real-time feedback or scan for instant feedback

(flash device)
Short term use (3-14 days) Long term use
Continuous monitoring Continuous monitoring

Alarms for hypo/hyperglycemia in select devices Alarms for hypo/hyperglycemia in select devices

Insurance coverage for most people with type 1 or  Insurance coverage more limited to type 1 diabetes
type 2 diabetes or those on MDI insulin

Fig .7

with select devices

Not FDA approved for insulin dosing (must always  Select devices approved for insulin dosing
confirm with a glucose meter) -9-




CONTINUOUS GLUCOSE MONITOR (CGM)

1.5.2. The relationship between CGM and preventing insulin side effects

CGM does not directly prevent side effects of using insulin, it can provide valuable
information and help individuals manage their blood sugar levels more effectively,
potentially reducing the risk of experiencing certain side effects associated with Insulin
therapy.

CGM devices provide real-time data on blood sugar fluctuations throughout the day and
night. This information can help individuals make informed decisions regarding insulin
dosing, diet, and physical activity. By having a better understanding of their glucose
patterns, individuals may be able to fine-tune their insulin regimen and avoid extreme
fluctuations in blood sugar that can lead to hypoglycemia (low blood sugar) or
hyperglycemia (high blood sugar). (29)

Additionally, CGM systems can provide alerts and alarms to warn individuals when their
glucose levels are reaching potentially dangerous levels. This can help prevent severe
hypoglycemia or hyperglycemia and allow for timely interventions.

1.5.3. Relationship between CGM & Time in range

Time in Range

TIR is relatively new term used within the diabetes community , It describes the percentage
of time the bloodglucose levels stay within a target range(Target range from 70 -180 mg/dl
for most patient)

The goal for many non pregnant adults is TIRof at least 70 % with TBR <4% and TAR
<25%. Meaning roughly 17 out of 24 hourseach day to be in range.

There is a direct relationship between continuous glucose monitoring (CGM) and time in
range for people with diabetes. Time in range refers to the amount of time a person's blood
sugar levels are within a target range. CGM devices play a crucial role in providing real-
time glucose level data, allowing individuals to monitor and manage their blood sugar levels
more effectively, ultimately aiming to maximize their time spent in the target range.

TIR is calculated automatically in the software that comes with the CGM deviceor mobile
application .(30 ,31)

TIiID & T2D Older/High-risk: T1D & T2D

>250 mg/dL

{13 9 mmol1) <596 >250 mg/dL

<10%%
(13.9 mmol/L)
=180 mg/dL

=
(10.0 mmol/L) SRy

>180 mg/dL =S0%*
{10.0 mmol/L)

Target
70-180
(3.9-10.0 mmolL)

Target range:
70180 mg/dL
(3.9-10.0 mmolL)

=70 mag/dL

e
<54 mag/dL <70 mg/dL

(3.0 mmol/L) <1 %0 (3.8 mmol/L)

Fig. 8




ARTIFICIAL PANCREAS

Pregnancy: T1D Pregnancy: GDM and T2D

>140 mg/dL
(7.8 mmoV/L)

>140 mg/dL <25%)

Fig. 9 (7.8 mmol/L)

Target range:
63-140 me/dL

Target range:
3-140 mg/dL (3.5-7.8 mmolL)
(3.5-7.8 mmolL)
<63 mg/dL <63 mg/dL
(3.5 mmol/L) <4%** (3.5 mmol/L)
e <54 ma/dL
(3.0 mmol/L) (3.0 mmoV/L)

1.6. Artificial Pancreas

o The Artificial Pancreas Device system is a system of devices that closely mimicsthe
glucose regulating function of a healthy pancreas.(32)

Sometimes an artificial pancreas device system is referred to as a "closed-loop "System, an
"automated insulin delivery" system, or an "autonomous system for a Glycemic control."
(33)

The first hybrid closed loop system, the Medtronic's MiniMed 670G System is the first FDA
approved artificial pancreas. (34)

The FDA approved it for treating type 1 diabetes in people age 14 and older.

1.6.1. Artificial Pancreas components

The artificial pancreas typically consists of four main components: (35)

1. Continuous Glucose Monitor (CGM): This device measures the glucose levels in the
body continuously or at regular intervals. It provides real-time glucose data to the
control algorithm.

2. Insulin Pump: The insulin pump delivers insulin into the body based on the
instructions from the control algorithm. It can continuously provide basal insulin and
also administer bolus doses for mealtime or correction.

3. Control Algorithm: The control algorithm serves as the intelligence behind the
artificial pancreas system. It receives glucose data from the CGM and calculates the
appropriate insulin dose based on various factors. The algorithm then sends
instructions to the insulin pump.

4. Blood Glucose Meter: Some artificial pancreas systems include a separate blood
glucose meter to cross-check the accuracy of the CGM readings. This helps ensure
accurate insulin dosing decisions

-11-




Artificial Pancreas

1.6.2. Artificial Pancreas and insulin side effects

While the artificial pancreas system can help regulate Insulin delivery and Improve diabetes
management, It may not completely eliminate all insulin side effects. Insulin itself can have
potential side effects, including:

1. Hypoglycemia: The artificial pancreas system aims to prevent hypoglycemia (low
blood sugar) by adjusting insulin doses based on real-time glucose measurements.
However, there can still be situations where hypoglycemia may occur, such as during
exercise, incorrect input of meal information, or system malfunctions.(36,37)

2. Hyperglycemia: Similarly, the artificlal pancreas system tries to avoid
hyperglycemia (high blood sugar) by delivering appropriate amounts of insulin.
However, not all factors influencing glucose levels can be accounted for, and there
may be instances where hyperglycemia can occur.

3. Insulin Absorption Issues: Insulin absorption can vary from person to person, and
factors like infusion site issues or insulin degradation can affect its effectiveness.
While the artificial pancreas system can optimize insulin delivery, individual factors
can still influence the overall impact.

4. Allergic reactions or site irritations: some individuals may experience allergies or
skin irritations at the infusion site due to factors like adhesives or components of the
system. It is important to be aware of these potential Issues and consult with a
healthcare professional regarding any concerns.

Continous Control ' CLOSED-LOOP INSULIN
glucose algorithm DELIVERY SYSTEM
sensor cvon
- Glucose
‘ level ,
Sensing
(Continuous Delivery
glucose sensor) (Insulin pump)
Modulation
9 (Control
algorithm)
Fig. 10

-12-




Smart insulin pens

1.7. Smart insulin pen

A smart insulin pen is a technologically advanced device used by individuals with diabetes
who require insulin therapy. It is designed to help users accurately administer insulin doses,
monitor their glucose levels, and track their insulin usage for better diabetes management.

Smart insulin pens often come with features such as Bluetooth connectivity, built-in
memory, and compatibility with smartphone applications. These features allow the pen to
communicate wirelessly with other devices or apps, making it easier for individuals to keep
track of their insulin doses and glucose readings.(38,39,40)

The Smart insulin pen consists of several parts, each serving a specific function. Here's a
brief overview:

l.

Pen Body: The main body of the pen holds the insulin cartridge and is responsible for
delivering the correct dose of insulin.

Dosing Button: The dosing button allows the user to select and administer the desired
dosage of insulin.

. Display Screen: The display screen provides information such as the selected dose,

injection history, and reminders. It helps users track their insulin usage and manage
their diabetes effecinsulin

Bluetooth Connectivity: The Smart insulin pen is equipped with Bluetooth
technology, allowing it to connect to a smartphone or other devices. This connectivity
enables data transfer, including insulin dosage information and other important
metrics.

. Preferences and Settings: The Smart insulin pen may have additional buttons or

controls for configuring various preferences and settings. These can include options
for basal rate, mealtime insulin ratios, and reminders for blood glucose monitoring.
Memory Storage: The pen may have built-in memory storage to store historical data
related to insulin doses, injection times, and other relevant information. This data can
be accessed by healthcare professionals or used for personal record-keeping.

Sensor Technology: In some advanced Smart insulin pens, there may be built-in
sensors to monitor blood glucose levels continuously. These sensors can provide real-
time feedback and help users make informed decisions about their insulin dosage.

. Battery: The pen may be powered by a rechargeable battery or disposable batteries,

depending on the model. The battery ensures the pen's functionality and enables
features like the display screen and Bluetooth connectivity.

Pen needle: It is the disposable, fine needle attached to the pen for injecting insulin.
The needle is typically detachable and replaced for each injection.

-13-




Smart insulin pens
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1.7.1. Smart insulin pen and insulin side effects

* Hypoglycemia :- Smart insulin pens have been developed to help prevent
hypoglycemia in individuals with diabetes. These pens are equipped with
integrated technology that monitors blood sugar levels and delivers the
appropriate insulin dosage based on the readings. By constantly monitoring
glucose levels and adjusting the insulin doses accordingly, smart insulin pens
can help individuals avoid episodes of hypoglycemia, which can be dangerous
and potentially life-threatening.(41)

e Lipodystrophy :- smart insulin pens can indirectly help reduce the risk of
lipodystrophy by providing features that promote proper injection technique
and rotation of injection sites. These features can remind users to rotate
injection sites regularly, preventing the accumulation of fat deposits in
specific areas. Additionally, some smart insulin pens have built-in injection
tracking and reminder functionalities to ensure that users follow proper
injection.

e Weight gain:- Smart insulin pens themselves do not directly prevent weight
gain.smart insulin pens can assist users in adhering to their prescribed insulin
regimen and maintaining optimal blood sugar control. When blood sugar
levels are well-managed, it may help prevent excessive hunger, cravings, and
potential weight gain associated with fluctuations in glucose levels.




Smart insulin pens

1.8. Needle free insulin delivery

Needle-free insulin delivery refers to alternative methods of administering insulin
without the use of traditional injection needles. These methods aim to provide a more
convenient and painless way for individuals with diabetes to receive their insulin doses.
Here are a few examples of needle-free insulin delivery :(42,43)

l.

Inhalable Insulin: This method involves delivering insulin through the lungs using
an inhaler. The insulin is inhaled as a fine mist, allowing it to be absorbed directly
into the bloodstream .(44)

Insulin Patches: These patches contain small microneedles that do not penetrate
the skin. The microneedles dissolve upon contact with the skin, releasing insulin
into the body. (45)

. Insulin Jet Injectors: These devices use high-pressure streams of insulin to

penetrate the skin and deliver the medication. The insulin is delivered as a fine jet,
without the need for needles. (46)

Insulin Sprays: Insulin sprays are administered directly onto the skin, where it
quickly absorbs into the bloodstream. This method eliminates the need for
injection needles.

. Insulin Pens: Insulin pens are devices that contain a cartridge of insulin and a

disposable needle. The needle is inserted into the pen, and a dial is used to select
the desired insulin dose. The insulin is then injected using a button or trigger.

Insulin Nasal Spray: This method involves delivering insulin through the nasal
passages. Insulin is sprayed into the nose, where it is absorbed by the nasal
mucosa and enters the bloodstream.

Insulin Pills: Currently, oral insulin pills are in development. These pills aim to
deliver insulin through the digestive system, bypassing the need for injections
entirely. However, they have yet to reach widespread availability, and more
research is needed.




1.8.1. Types of Needle-Free Injection Devices

Several types of needle-free injection systems are available In the market, each with unique
features and advantages .

They include-:

Spring-powered injectors, powder injectors,& jet injectors.

The most common type of needle-free injector is the jet Injector device, used for vaccines,
insulin, hormones, and other pharmaceutical applications. InsuJet Is an excellent example of
a needle-free jet injector.

Needle-free jet injectors are often called jet gun Injectors, air guns, or pneumatic injectors.
They can either be single-use, also called DCIJs (disposable cartridge jet injectors) or multi-
use, also called MUNIJIs (multi-use nozzle jet Injectors).

The number of times an injector can be used depends on the type of medication you take and
the manufacturer.

For example, InsuJet, a multi-use injector, can be used up to 5,000 times to deliver your daily
Insulin dose.

Fig. 12
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Needle Free injunction

1.8.2. Needle-free insulin delivery and insulin side effects

* lipodystrophy :- Needle-free insulin delivery systems, such as Insulin pens or insulin
pumps, can help prevent lipodystrophy. These devices use fine needles or catheters to deliver
insulin without the need for traditional Injections. By using alternative delivery methods, the
risk of developing lipodystrophy is reduced.

Insulin pens typically use disposable needles that are thinner and shorter than traditional
syringes, reducing the trauma to the skin and the risk of fat tissue damage. Insulin pumps, on
the other hand, use a small catheter inserted under the skin, delivering insulin continuously or
in programmed doses.

By avoiding repeated needle Injections in the same area, needle-free insulin delivery reduces
the likelihood of lipodystrophy.

« weight gain :- Needle-free insulin delivery methods can potentially help prevent weight
gain in individuals with diabetes. Traditional insulin injections can sometimes lead to weight
gain due to factors such as increased appetite and insulin absorption issues. However, needle-
free alternatives, such as insulin pumps or inhalable insulin, may offer more precise dosing
and better glucose control, which can contribute to better weight management
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[nsulin pump therapy can improve quality of life and glycaemic control for
many people with type 1 diabetes. people using insulin pumps achieve better
metabolic outcomes compared with people using multiple daily injections (MDI)
so 1n this study we compared between DM patients who use insulin pump & who
use MDI .

We aimed to estimate effects of insulin pump therapy (IPT) on HbAlc level, and
severe hypoglycaemia (SH),&BMI &Microvascular complications&
Macrovascular complications compared with multiple daily insulin injections

(MDI). P
(#

In Sweden , most individuals with T1D are seen in
specialist diabetes outpatient clinics, and
treatment is fully subsidised by the public

healthcare system.
)

—/

Objective: The main objective of our study was to compare insulin pump
therapy, also known as continuous subcutaneous insulin infusion (CSII) with
multiple daily insulin (MDI) in their efficacy of managing T1D in adult patients .

3.1. Material &Methods:-

Data sources & population :-

The data used in this study come from national Danish registries . We accessed
the information through a group created on the Facebook platform, which
included a number of type 1 diabetics residing in Sweden, where we contacted
them and asked 40 people to fill out the questionnaire.

We identified all adults (>18 years) who were alive and residing in Sweden as of
2023 who had ever been diagnosed with T1DM . -19-
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Methods:-

* The research employed a cross-sectional online survey utilizing
questionnaires to gather data. The study population comprised individuals
diagnosed with Type 1 Diabetes (T1D) who were undergoing treatment with
MDI & with insulin pump. The participants may or may not have been
utilizing Continuous Glucose Monitoring (CGM) .

» We identified a cohort of all adults with type 1 diabetes in Sweden using

cross-sectional online survey these individual use either IPT (treatment) or
MDI (control)

» We estimated treatment effects among population subgroups using
treatment-staggered difference-in-differences.

*We evaluated the potential heterogeneity effects, we estimated the ATTs for
each result for the following subgroups: male versus female, lower than
average age, age groups (18 to 25 years, 25 to 50 years, 50 to 75 years old ),
lower vs higher educational achievement (primary, high school or vocational
school versus short or medium higher education) .

-20-
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V . bl Treatment arm
IPT(total gerson 40) MDI (total
person 40)
18- 25 7 person (18%) 11 person (28%)
25-50 23 person (58%) 20 person (50%)
Age groups p p
50-75 10 person (25%) 9 person (23%)
male 27person (68%) 21person (53%)
female 13 person (33%) 19 person (48%)
Primary 0 10 person (25%)
High school or vocational 2 person (5%) 13 person (33%)
Education
Short or medium 38 person (95%) 17 person (43%)
higher education
. 26 person 24 person (60%)
<
Durat")n Of type 25 yEals Without IPT(medium 15 years)
. With IPT (medium 9years)
1diabetes (
years)
=25 years 14 person 16 person (40%)
without IPT (medium 7 years)
With IPT (medium 4&4years)
Insulin pump with 27 person (68%)
tubing
Type of Insulin
pump
Insulin patch pump 13 person (33%)

e




Variable

Treatmentarm

IPT(total person 40)

MDI (total person 40)

Use CGM with IPT 17 person
(42 %)

HbA1c % (Cl) 7.2(7.1-7.3) 7.6(7.4_7.7)
Severe 0 26 person (65%) 19 person (48%)
hypoglycemia
eventinthe
past 6 month

1 9 person (23%) 15 person (38%)

2 or more 5 person (13%) 6 person (15%)
BMI ~28.1(26.5 - 31.0) ~21:5(26.7~ 31:3)

History of microvascular

15-16 person

21-22 person

extremity

complications (40%) (52%)
History of macrovascular 6-7 person 9-11 person
complications (15%) (22%)
Amputation of lower 0 0
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Results: A total of 80 participants, with a age rang from 18 75 years, Were
randomised (IPT, n = 40; MDI, n = 40) .

27(68%)men and 13 (33%)women

* The Incidences of severe hypoglycaemia one time (IPT , 23%; MDI, 38%
participants) .

* Among responders, 27 (68%) used an insulin pump with tubing and 13 (33%)
used a patch pump.

* In our study the number of patients who used CGM with IPT were 42%

* The amount of HBA1C in IPT users 7.2 (7.1 — 7.3). For MDI users was 7.6
(7.4 -17.7).

* The BMI was for IPT users ~ (28.1). For MDI users it was ~ (27.5).

As for the complications of diabetes, it was less common for IPT users
compared to MDI users.
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Discussion

The results of our study demonstrated that In our population with T1D, those who
used CSII as a mode of insulin delivery have improved hemoglobin Alc levels and glycemic
profiles compared to those who are on an MDI regimen. Most of the Improvement in HbAlc
in the CSII group occurred during the first 3 months after Initiation of pump therapy.

Studies that compared CSII to MDI have shown that most of the improvement in HbAlc
occurs in the first few months after Initiation of CSII, (47-48) . which is In agreement with
our observations. The Inltial prominent reduction in HbA 1c after initiation of CSII may be
related to intensification of insulin therapy during this time compared to the previous insulin
regimens applied. However, further improvement in HbA 1c does not typically occur after 6
to 12 months; and In some studies, this Improvement is not necessarily sustained,(47,48,49).
This is likely due to an element of diabetes burnout(50-51) or due to loss of enthusiasm for
the new technology. Generally the reason behind this Is not clear and needs to be further
explored, as understanding factors that can positively influence motivation and compliance
Is essential to appropriately manage individuals with T1D. However, the longer
sustalnability of a positive effect of a pump could be reflected on the commitments of
patients/family to Intensification of treatment.

Based on the concept of metabolic memory, this persistent improvement in glycemic control
during the study period should translate into a reduction of diabetes related complications
such as retinopathy and nephropathy, which in turn should lead to reduced healthcare costs
related to diabetes complications. It would be interesting to explore cost-effectiveness in
future studies, comparing the cost of CSII with the long-term reduction in healthcare costs
related to decreased burden of diabetes complications.

The improvement In HbA1lc in the CSII group compared to the MDI group is related to
many factors. Despite both groups having a similar total daily dose of insulin, the
distribution of insulin administration in the CSII group matches carbohydrate intake better
than in the MDI, with the majority of carbohydrate intake covered by rapid insulin.
Additionally, compliance in the CSII group with prandial insulin is likely higher, with users
administering rapid insulin for snacks especially since they do not require injections to be
administered.

However, the CSII group have more frequent visits with specialized diabetes educators and
dieticians in the clinic, particularly during the first few months after pump initiation.
Diabetes education as well as frequent follow up have a positive impact on glycemic
control.An additional factor to be considered is enthusiasm and motivation due to the
novelty of the insulin pump and the use of new technology, which may contribute to better
compliance to insulin administration. Understanding the factors that help drive patient
motivation is essential to reduce rates of diabetes burn-out.
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An increase in BMI was noted in both the MDI and the CSII groups in our study,
which is an expected finding given the anabolic function of insulin.

In concordance with our findings, observational studies have found an association
between the use of CSII and increased weight gain,(52-53) . A study conducted in
Kuwait had a similar result despite a reduction in insulin daily dose. Kuwait’s study
stated that the significant increase in BMI in patients on CSII therapy may have been
due to the liberty to eat without receiving extra injections of Insulin, (54) .On the other
hand, other studies including randomized controlled trials, large cohort-matched studies
and systematic reviews, did not find a significant difference between CSII and MDI
with regards to weight or BMI,( 55,56,57) . The need of long-term studies is a necessity
to determine the actual effect of both treatments on BMI.

Conclusion:-

The addition of CGM and the development of closed-loop systems may offer further
improvement of glycemic control without the risk of hypoglycemia. While costly
management options, these advances may ultimately prove cost-effective.
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References

1 _Sicree R, Shaw J, Zimmet P. The global burden: diabetes andaimpaired
glucose tolerance. Baker IDI Heart and DiabetesInstitute. IDF diabetes atlas, 4
ed. 2009.

2 King F, Ahn D, Hsiao V, Porco T, Klonoff DC. A review of blood glucose
monitor accuracy. Diabetes Technol Ther 2018

3 Brange J, Ribel U, Hansen JF. Dodson G, Hansen MT.Havelund S, et al.
Monomeric insulins obtained by proteinengineering and their medical
implications. Nature.1988.

4 Gamal M. Dahab (MD, PhD) , mansoura clinical pharmacology , 10*" edition ,
2016

5_Thomas CC, Philipson LH. Update on diabetes classification. Med Clin N Am
2015.

6_ Eriksson B, Oberg K Neuroendocrine tumours of the pancreas. Br J Surg.
2000.

7 Mansour JC, Chen H. Pancreatic endocrine tumors. J Surg Res. 2004.
8 Ashok K. Srivastava« Barry I. Posner , insulin action , 6/December/2012

9 wvan der Pal KC, Koopman ADM, Lakerveld J, van der Heijden AA, Elders
PJ, Beulens JW, Rutters F. The association between multiple sleep-related
characteristics and the metabolic syndrome in the general population: the New
Hoorn study. Sleep Med. 2018 ,Burrage E, Marshall KL, Santanam N, Chantler
PD. Cerebrovascular dysfunction with stress and depression. 2018 Apr-Jun.

10_ Diabetes Canada Clinical Practice Guidelines Expert Committee, et al.
(2018). Types of insulin. Canadian Journal of Diabetes, Accessed 2018.

11_Unger J, Parkin C. Hypoglycemia in insulin-treated diabetes: a case for
increased vigilance. Postgrad Med. 2011 Jul

12_ Rybicka M, Krysiak R, Okopien B. The dawn phenomenon and the Somogyi
effect — two phenomena of morning hyperglycaemia. Endokrynol Pol. 2011

13 Wilcox G. Insulin and insulin resistance. Clin Biochem Rev. 2005 May;26

14 Radermecker RP, Piérard GE, Scheen AJ. Lipodystrophy reactions to
insulin: effects of continuous insulin infusion and new insulin analogs. Am J Clin
Dermatol. 2007

15_Ly TT, Layne JE, Huyett LM, Nazzaro D, O'Connor JB. Novel Bluetooth-
enabled tubeless insulin pump: innovating pump therapy for patients in the
digital age. J Diabetes Sci Technol 2019

-27-




16 Edelman SV, Bode BW, Bailey TS, et al.. Insulin pump therapy in patients
with type 2 diabetes safely improved glycemic control using a simple insulin
dosing regimen. Diabetes Technol Ther 2010

17 American Diabetes Association. Insulin pumps: relief and choice.

18 _Jill Rodgers ,Using Insulin Pumps in Diabetes , Wiley Publishing , 2008 .

19 American Association of Diabetes Educators: Insulin Pump Therapy: Best Practices in
Choosing and Using Infusion Devices . Accessed May 11, 2014.

20 _S. Sufyan Hussain¢« Nick Oliver , Insulin Pumps and Continuous Glucose Monitoring Made Easy E-
Book , Elsevier Health Sciences Publishing ,2015.

21 _Daniela Elleri¢ Stefano Zucchini« Valentino Cherubini ,Glucose Sensor Use in Children and
Adolescents , Springer International Publishing ,2020 .

22 Sandeep Kumar Vashist John H.T Luong ,Point-of-care Glucose Detection for Diabetic Monitoring
and Management , CRC Press Publishing , 2017..

23 Cappon, G.; Acciaroli, G.; Vettoretti, M.; Facchinetti, A.; Sparacino, G. Wearable continuous
glucose monitoring sensors: A revolution in diabetes treatment. Electronics 2017.

24  Battelino T, Danne T, Bergenstal RM, et al. Clinical Targets for Continuous Glucose
Monitoring Data Interpretation: Recommendations From the International Consensus on Time
in Range. Diabetes Care. 2019.

25 Visser MM, Charleer S, Fieuws S, De Block C, Hilbrands R, Van Huffel L, Maes T,
Vanhaverbeke G, Dirinck E, Myngheer N, Vercammen C, Nobels F, Keymeulen B, Mathieu C,
Gillard P. Effect of switching from intermittently scanned to real-time continuous glucose
monitoring in adults with type 1 diabetes: 24-month results from the randomised ALERTT1
trial. Lancet Diabetes Endocrinol. 2023.

26 Di Molfetta S, Caruso I, Cignarelli A, Natalicchio A, Perrini S, Laviola L, Giorgino F.
Professional continuous glucose monitoring in patients with diabetes mellitus: A systematic
review and meta-analysis. Diabetes Obes Metab. 2023.

27 _Bailey T, Bode BW, Christiansen MP, Klaff LJ, Alva S. The Performance and Usability of a
Factory-Calibrated Flash Glucose Monitoring System. Diabetes Technol Ther. 2015.

28 Olafsdottir AF, Attvall S, Sandgren U, Dahlqvist S, Pivodic A, Skrtic S, Theodorsson E, Lind
M. A Clinical Trial of the Accuracy and Treatment Experience of the Flash Glucose Monitor
FreeStyle Libre in Adults with Type 1 Diabetes. Diabetes Technol Ther. 2017.

29 Lin, Y. K. et al. Associations between the time in hypoglycemia and hypoglycemia awareness
status in type 1 diabetes patients using continuous glucose monitoring systems. Diabetes Technol.
Ther. 22, 787-793 (2020).

30 CGM & Time in Range. American Diabetes Association. Accessed June 19, 2023.

31_ Gabrielle Kaplan-Mayer ,Insulin Pump Therapy Demystified an Essential Guide for
Everyone Pumping Insulin , Hachette Books Publishing , 2009

-28 -




32 Ali Cinar< Kamuran Turksoy , Artificial Pancreas Systems
Adaptive and Multivariable Predictive Control,Springer International Publishing , 2018

33 Faulds ER, Zappe J, and Dungan KM, REAL-WORLD IMPLICATIONS OF HYBRID
CLOSE LOOP (HCL) INSULIN DELIVERY SYSTEM. Endocr Pract, 2019.

34 Stone MP, et al., Retrospective Analysis of 3-Month Real-World Glucose Data After the
miniMed 670G System Commercial Launch. Diabetes Technol Ther, 2018.

35 Yvonne Ho ,Patient-Specific Controller for an Implantable , Springer Nature Singapore
,2018

36 Wolpert H, Kavanagh M, Atakov-Castillo A, Steil GM. The artificial pancreas: evaluating
risk of hypoglycaemia following errors that can be expected with prolonged at-home use
[published online ahead of print June 3, 2015.

37 _N. Magdelaine et al., ""Hypogly caemia-free artificial pancreas project,"IET Syst. Biol., vol.
14, no. 1, pp. 16-23, 2020.

38 Sangave NA, Aungst TD, Patel DK. Smart connected insulin pens, caps, and attachments: a
review of the future of diabetes technology. Diabetes Spectr Publ Am Diabetes Assoc. 2019.

39 Kerr D, Warshaw H. Smart insulin pens will address critical unmet needs for people with
diabetes using insulin. Endocr Today. 2019.

40 American Diabetes Association. Insulin Pens . Accessed 2/12/2024.

41 Lingen K, Pikounis T, Bellini N, Isaacs D. Advantages and disadvantages of connected
insulin pens in diabetes management , Accessed 2/12/2024.

42 Bremseth D., Pass F. Delivery of Insulin by jet Injection: recent observation Diabetes
Technol Ther 2001.

43 Bremseth D., Pass F. Delivery of Insulin by jet Injection: recent observation Diabetes
Technol Ther 2001.

44 Justin Gillis (January 28, 2006). "Inhaled Form of Insulin Is Approved'. The Washington
Post. Retrieved 2007-10-21.

45 Veiseh, Omid; Langer, Robert " A smart insulin patch'. (August 2015).
46 _ Rivas, David Fernandez; Galvez, Loreto Alejandra QOyarte "Jet injection system'.(2020).

47 Nabhan ZM, Kreher NC, Greene DM, Eugster EA, Kronenberger W, DiMeglio LA. A
randomized prospective study of insulin pump vs. Insulin injection therapy in very young .

48 Jakisch BI, Wagner VM, Heidtmann B, et al. Comparison of continuous subcutaneous
insulin infusion (CSII) and multiple daily injections (MDI) in paediatric Type 1 diabetes: a
multicentre matched-pair cohort analysis over 3 years. Diabet Med. 2008;25.

-29-




49 Mueller-Godeffroy E, Vonthein R, Ludwig-Seibold C, et al. Psychosocial benefits of insulin
pump therapy in children with diabetes type 1 and their families: the pumpkin multicenter
randomized controlled trial. Pediatr 2018;19.

50 Lindstrom C, Aman J, Norberg AL, Forssberg M, Anderzén-Carlsson A. Mission
Impossible'; the mothering of a child with Type 1 diabetes — from the perspective of Mothers
Experiencing Burnout. J Pediatr Nurs. 2017.

51 Abdoli S, Vora A, Smither B, Roach AD, Vora AC. I don’t have the choice to burnout;
experiences of parents of children with type 1 diabetes. 2020.

52 Nansel TR, Lipsky LM, Iannotti RJ. Cross-sectional and longitudinal relationships of body
mass index with glycemic control in children and adolescents with type 1 diabetes mellitus.
Diabetes Res Clin Pract. 2013.

53 Birkebaek NH, Kahlert J, Bjarnason R, et al. Body mass index standard deviation score and
obesity in children with type 1 diabetes in the Nordic countries. HbAlc and other predictors of
increasing BMISDS. 2018.

54 Mousa M, Al-Mahdi M, Al-Sanaa H, Al-Kandari H. A comparison of continuous
subcutaneous insulin infusion vs. Multiple daily insulin injection in children with type I diabetes
in Kuwait: glycemic control, insulin requirement, and BMI. Oman Med J. 2015.

55 Blair J, McKay A, Ridyard C, et al. Continuous subcutaneous insulin infusion versus
multiple daily injections in children and young people at diagnosis of type 1 diabetes: the SCIPI
RCT. Health Technol Assess. 2018.

56 Misso ML, Egberts KJ, Page M, O'Connor D, Shaw J. Continuous subcutaneous insulin
infusion (CSII) versus multiple insulin injections for type 1 diabetes mellitus. Cochrane
Database Syst Rev. 2010.

57 Karges B, Schwandt A, Heidtmann B, et al. Association of insulin pump therapy vs insulin
injection therapy with severe hypoglycemia, ketoacidosis, and glycemic control among children,
adolescents, and young adults with Type 1 Diabetes. JAMA. 2017.

-30-




YaSind Gy daala [ Uapall 40 and ) adie iy £ g e
Aasall (A g ol Aa o clallaial

: >lacl
pblSJl auc 0dw)
> 0> Ulgouwl

AV-CH VIR FPWTER W ||
KN EV-CH |

A Vigo p 2024



0P

wug.sus@4\3‘gjgu\agmqsgk@&ugusdﬁugémy5&14433“3;,@3&?
Y-

CUS Ll & Aale 5 QAN Jaaly e Jaa o3 1 405 alad § el sa) @ (S
(s )Zé}d\j alal) Lgadlu g

(o)) Wlen diladd) gy lgpasd cns ddal) ) s (e )
(Alsdls Fsd) ) (Ard e @a JS A gaibw (e
o) agale ) Ja1 ) £ gal) ara g2 g S e )

Ade lauial) gagal) ale¥) A Jaad) gdatl Aaall dda )l B & Ady Una plalad) quiladl )
adkad)

o Helagls agals g ad g e liall Bk 8 ) gal g A sill 5 8 58I (S gda) (e e I
(AT ) oY ade U L

o &
/Jy)
Ua jall o2 ) Jguasll B9 3 Jag S ab SAL Vgl dn sl o (ALY S Ay B
 Agllad) dpalal
rCra JS QLAY g SN Aa gl A Las
A claag le ) Jsasll B A JaY) i) ) gilS ol ey KU1 Sl g9 Saadl gl

Cro Sl Lgada g Lgdl pay (S 388 dlaaad) deaf agdi o gisall ) olitall g jSAdL Ay g3l Las
Ll sl OIS LS cdle i peld o) JSAlL Daalad) Al ) 0 7 904 & A6V ol gl
Aalad) ) 3 el (B ] 93 Lgadlal g




-" MM‘

A Gl guad) ) A by SR JE& Latie (TD) J¥) £ 5l Ga (s Sl g1a Gany
oA adll A Sl Al B asa) gdal Lnaal) AL 10 A Gl sudYl zbladl day
Addelaa aday T 1D

(b Sl A el it g agde Bliad) g el 4adi aal) (A Suad) (g glana (58S J) 33 Y
A La BIE 5 (J ¥ .5 (ra g Sl 510 Cuaal) GalAEY) (e daadl Laas Jiay Salad) aal)

O Y ARl 3 1Y) iAo e p ) e g ol g cilduzna Jia 3l B Jsla oo il
A Cua e Lgillad Algdl) & s 9B ¢ ) ghatl) o2

Ol 3180 (Adlad Y 43 la il g (IPT gl i) (iSay cdopida gl) dygan 53 (salnall B g
DS oAl G G gl Gl g1 (Jsafld saie 53) %7.0 Ay HbALC (s sia (385 8 ) gl
Al cle jally GLEILY) B gl aladialy [ i)

iy Uy i g gmall ¢l gaadt) ddiaay rdlad) 40 e g8 Uil )3 (pa (o )l Ciagd) oS
Lagiillad 3 (MDI) 222ial) a5l O g & (CSII) Alad) s 3 Ol g patecall cu el
il el ol Jo¥) £ il (e g sSeal) 2 e B 1) (A

e Gl | ciliLd) aaad il aladicly Ci i) e Lakia tsm ) ardif
|38 Gl g (TAD) ¥ £ 53l (a5 oSadl la pan agibua) il o ) 3 (e Al )
Ol gadY) ddiZaa g AdiBal) cile all gladiad) 5 jgal a\a;.mh. Zkadl ¢ gruady

IPTcn =) Wl 755 18 (i pb Jles | g 510 (8 jLiia 80 (Mea) ) g JSy ab LA a1
.(MDI¢ n = 40 <40
il g a9 cadll A Sl Gl glase Gung (ol paud¥) Adilaa aladiiad o Uil 3 gl il g
Abal) Lo o8 Cuan g (g Sl (a pe qalal Al Clielaall igaa A g o A8 Jiiaill




