


Evolution of Diabetes Technology
and Treatm@ts: Timeline
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Insulin Pumps: Overview
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Presentation Notes
Handful of historical pumps
First portable commercial insulin pump for personal use was available in 1979, 4 years before the first home blood glucose meter!

 


U.S. Pump Usage
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Estimated Pump Use Around the World
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Key to understanding the importance and value of insulin pump therapy is to understanding the ideal insulin regimen for patients.

Goal is to make insulin therapy “PHYSIOLOGIC” – ie just like the insulin in a non-diabetic person
As you can see here, this consists of several components.
First is the basal insulin which should effectively suppress the hepatic glucose output to maintain appropriate blood sugar levels in a fasting state
Second is the prandial dose insulin, which not only accounts for the glucose absorbed from food, but also further suppresses the additional hepatic output of glucose that occurs as the person with diabetes begins eating
Not shown here but equally important is the correction dose insulin that will accurately bring down the blood glucose values if they are in excess of goal





Pump Therapy

O
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Pump Components

Indwelling
subcutaneous

catheter

Subcutaneous
tissue
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You have the actual pump here
Most available pumps are then connected via “tubing” to an indwelling subcutaneous needle/catheter



Pump Components
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Pump Components

How does the Insulin get into
your body?
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So the pump has a small battery-operated motor that depresses the plunger of the cartidge and infuses insulin at a “basal” rate continuously.
This serves at the basal insulin and takes the place of the long acting insulins. 
Then using the screen, prandial and correction dose insulin is provided.


Additional Features

Bolus Calculators:
- Carbohydrates
- Blood glucose
- Insulin on board
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Most pumps available today allow for the patient to input the carbohydrates to be consumed and the blood glucose. They have built in calculators that account for the specified insulin:carb ratio, insulin sensitivity factor and insulin on board. The algorithm calculates the dose and the rpovides it to the patient and voila – perfectly dosed insulin!


Insulin Pump Benefits




10.0
9.5
.09
8.5

8.0
7.5
7.0
6.5
6.0
5.5
5.0

HbA

HbA. R@duction

B Pre-pump W Post-pump

Boland
n=25

Bode
n =50

Rudolph Chanteleau
n =107 n=116

Bell
n =58

Adults Adolescents

Chantelau E, et al. Diabetologia. 1989;32:421-426; Bode BW, et al. Diabetes Care. 1996;19:324-327;

Chase
n =56

Mean dur. = 36 Mean dur. =36 Mean dur. =54 Mean dur.=42Meandur.=12 Meandur.=1



Presenter
Presentation Notes
Multiple different studies in both adults and adolescents have demonstrated a significant decrease in HbA1c among pump users when compared to MDI.




Study, Year (Reference)

Children/adolescents with T1IDM
Doyle et al, 2004 (32)

Mean Between-Group Difference in HbA,,
Change From Baseline, %

Schiaffini et al, 2007 (35)
Cohen et al, 2003 (31)

MNuboer et al, 2008 (33)

Opipari-Arrigan et al, 2007 (34)

Skogsberg et al, 2008 (36)

Weintrob et al, 2003 (37)
Subtotal (/2 =0.0%; P = 0.561)

Adults with T1DM
DeVries et al, 2002 (40)
Thomas et al, 2007 (44)

Bolli et al, 2009 (39)
Tsui et al, 2001 (45)
Subtotal (/12 = 64.5%; P = 0.038)
Subtotal, excluding DeVries et al (12 = 0.0%; P = 0.684)

Adults with T2DM

>

Derosa et al, 2009 (47)

Wainstein et al, 2005 (50)
Raskin et al, 2003 (49)

Herman et al, 2005 (48)
Subtotal (/2 = 0.0%; P = 0.840)

I 1
=1 0 1

Favors CSlI Favors MDI

Mean Difference (95% CI)  CSll, n
-0.80 (-1.89 to 0.29) 16
-0.60 (-1.43 to 0.23) 19
-0.52 (-1.67 to 0.63) 15
-0.16 (-0.68 to 0.36) 19
=0.13 (-1.74 to 1.48) 6

0.00 (-1.25 to 1.25) 34

0.26 (-0.32 to 0.84) 1"
-0.17 (-0.47 to 0.14) -
-0.84 (-1.21 to -0.37) 39
-0.10(-2.12 to 1.92) 7

-0.10(-0.52 to 0.32) 24

0.25 (-0.42 to 0.92) 13
-0.30 (-0.58 to -0.02) -

-0.01 (-0.35 to 0.34) -

-0.50 (-1.57 to 0.57) 32
=0.50 (-1.57 to 0.57) 20
-0.16 (-0.51 to 0.19) 66
-0.10 (-0.52 t0 0.32) 53

-0.18 (-0.43 to 0.08) -

All riohts reserved.
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This figure demonstrates the comparative effectiveness of CSII (pump) therapy vs MDI, where the strength of the evidence was moderate. 
meta-analsis demonstrated no difference between groups in hbA1c level change from baseline after 16+ weeks follow-up
Results similar among adolescents >12 and less precise among kids 12 yo
One of the  studies was good quality and all had medium risk of bias

Meta-analysis demonstrated that CSII decreased HbA1c levels more than MDI
* Low strength of evidence (combined mean between-group difference -0.3%)

Figure Legend:
Mean between-group difference in the change from baseline HbA1c comparing CSII with MDI among children and adolescents with T1DM, adults with T1DM, and adults with T2DM.    
 Error bars represent 95% CIs. 

Boxes represent individual study point estimates. 
Box size corresponds to weight of study. 

CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; IRR = incidence rate ratio; MDI = multiple daily injections; OR = odds ratio; T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitu



Reduces Hypoglycemia
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Even more noticeable in these studies was the difference in rate of hypoglycemia.


Study, Year (Reference)

Cohen et al, 2003 (31)
Opipari-Arrigan et al, 2007 (34)
Weintrob et al, 2003 (37)
Skogsberg et al, 2008 (36)
Schiaffini et al, 2007 (35)
Overall (12 =6.5%; P =0.370)

INncidence Rate Ratio Severe

IRR for Severe Hypoglycemia, events/person-year

T
0.10
Favars CSll

|
0.1

|
10.00
Favors MDI

IRR (95% Cl)

0.22 (0.02-1.94)
0.27 (0.01-5.55)
0.33 (0.03-3.21)
1.12 (0.52-2.41)
1.50 (0.58-3.88)
0.99 (0.57-1.71)

Hypoglycemi@CSIl vs MDI

Total Events, n Person-Years

csli MDI Gl MDI
1 4 6.0 6.0
0 2 3.0 4.0
1 3 6.7 6.7
13 12 76.0 78.0
1" 7 38.0 34.0
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This figure is pooled incidence rate ratio for “severe” hypoglycemia compairng pump users with MDI among children and adolescents with type 1. Error bars = 95% confidence intervals.

Studies had low strength of evidence.
Study demonstrated similar rate for severe hypoglycemia in the 2 groups with wide CI.
Sutdies were not of good quality and all had medium risk of bias. 

Believe IOB and customizable basal rates makes this difference. With MDI, basal regimen targets fasting BG. This dose may be in excess of what is needed in the afternoon
IOB calculation helps limit stacking
Doesn’t have to eat to keep blood sugar up 




Quality of Life

Liberalization of diet — timing & amount
Increased control with exercise

Able to work shifts & through lunch

Less hassle with travel — time zones
Weight control

Less anxiety In trying to keep on schedule



Continuation Rate

O

Continued
O7%

Discontinued

0
N =165 3%
Average Duration = 3.6 years

Average Discontinuation <1%/yr

Bode BW, et al. Diabetes. 1998;47(suppl 1):392.




Insulin Pump Therapy

Slightly better glycemic control

Pros and Cons of Pump Therapy

Cost

Fewer injections

Superficial infection

Less variable insulin absorption day to
day

Pump failure > DKA

Lifestyle flexibility, improved QOL

Capability to store history of bolus/basal:
clinicians can assess adherence

Decreased frequency of hypoglycemia (in
peds)

Inconvenience of wearing device
24/7

Multiple Daily Injections

Lower cost

Multiple injections

Freedom from wearing pump

Inferior glycemic control

Less flexible




Insulin Pumps: Indications




Pump Thera&y Indications

* HbA;. >6.5%

» Frequent hypoglycemia
» Dawn phenomenon

» EXxercise

» Pediatrics

* Pregnancy

» Gastroparesis

Marcus. Postgrad Med. 1995.

» Hectic lifestyle
» Shift work
* Type 2777




PUMP INDICATIONS

O

» “Ideal CSII candidate is a patient with T1IDM or
absolutely insulin-deficient T2DM who. . .”
Performs 4+ injections daily
Is motivated to achieve tighter glycemic control

Is willing & intellectually/physically able to comply with
Initiation and maintenance of pup therapy

Is emotionally mature with stable life situation
Maintains frequent contact with health care provider

» Eligible patients should be capable of
Frequent SMBG and/or use of CGM
Carb counting and insulin correction
Troubleshooting problems
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Presentation Notes
From AACE Consensus statememt 
Handelsman Y et al. American Assocaition of Clinical Endocrinologists medical guidelines for clinical practice for developing a diabetes meliitus comprehensive care plan. Endocrine Practice, 2011 17(2): 1-53.


Target Populations

Young children, especially infants and neonates
Adolescents with eating disorders

Children and adolescents with pronounced dawn
phenomenon

Children with needle phobia
Pregnant women (before conception)
Ketosis-prone individuals
Competitive athletes




When to Consider

Recurrent severe hypoglycemia

Wide fluctuations in blood glucose levels regardless
of A1C

Suboptimal diabetes control

Microvascular complications and/or risk for
macrovascular complications

Good metabolic control but insulin regimen
compromises lifestyle

Gastroparesis



Remember: The Smart Pump Arrives Dumb

O

» Glycemic control depends on
o An accurate total daily dose
o Appropriate basal rate (~50% of total daily dose)
o Accurate carb ratio
o Accurate insulin sensitivity factor
o Appropriate insulin on board
o Appropriate correction target




Insulin Pumps: Available

Options




Patch Pump vs Infusion Set

O

» Patch Pump (Omni-Pod)

o Worn on body

o No external tubing

o Can loosen, leak, be knocked off

o Lower start-up cost, greater monthly cost

 Infusion set (tubed)
o More site options
o Variety of needle and tubing lengths
o Easy pump removal for showers, sports
o Can loosen, leak, get ripped off




Omni-Pod

» Patch pump (no
tubing)

» Watertight up to 25 feet
for 60 minutes

» Color screen
o “Meter remote”

» Built-in FreeStyle blood
glucose meter

» Food library

» Future integration with
CGM (?)

O




MiniMed Paradigm Revel

* Tubed pump

o 2 different size
options available
(523/723)

* Only available pump
with integrated CGM

* Meter communicates to
pump (not remote)

» No food database
» No color screen

* Low basal rate increment
up to 1 unit

» Splash resistant (not
waterpoof)
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There is a remote on a keychain that can bolus units
Newest iteration, the Veo, is expected in the next year.




Animas OneTouch Ping

* Tubed pump

» Waterproof

» Color Screen

* Meter remote

» Integrated food database

» Future integration with
Dexcom CGM (Animas
Vibe)

» Durable
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Food data base 500 food items from Calorie Kin in meter remote
Integration with dexcom submitted to FDA – Vibe. Hopeful it will be this fall


Tandem t:slim

Tubed pump

Water resistant (3 feet 30
minutes)

Color touch screen
Smallest dimensions
No Iintegrated meter
Rechargeable battery
No returns

Occlusion shuts off pump

Cannot tolerate extreme
temperatures




Accu-Check Combo

* Tubed pump

» Water resistant

» Color screen on meter
» Meter remote

» ? Food database

» Must program basal rate
for each hour

» No bolus calculator on
pump

» Complicated
programming




User Considerations

How much insulin does the patient use in 3 days?
How active is the patient?
Is tethering patient to pump practical?

Is the patient exposed to:
Water?

Extremes of temperature?
Will the patient need a more durable device?
What does the patient want and why?



Miscellaneous




My BG is low Misc. Points

@ Must. Get.

More. Insulin.
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Warm temperatures  increased absorption


Insulin Absorption & Temp
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Air Travel & Insulin Pumps

O

e Study looked at 10 insulin pumps during flight & in hypobaric
chamber with pressure simulating flight.
e Decrease in ambient pressure - predictable unintended insulin
delivery by:
e Air coming out of solution & forming bubbles

e Expansion of existing bubbles in cartridge before takeoff = increase by
36% in size

Flying
.. With
"/ Diabetes

H-\

g M7 %

Lo |
‘_:'.-" "I"{ a N ] - - :' -{-:-'f’. 'u;
AR S N

King et al. Diabetes Care 34: 1932-1933, 2011.
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Looked at 10 insulin pumps connected to tubing
Examined changes in ambient pressure on insulin delivery, bubble formation, bubble size and cartridge movement
During a flight (200 mmHg pressure decrease) excess insulin delivery of 0.623% of cartridge voolume
In hypobaric chamber studies, bubbles developed in insulin when pressure decreased  displaced insulin out of cartridge
Pre-existing bubbles changed in size consistent with Boyle law
No change in cartridge movement but did so with catastrophic plane depressuriation was minimized
Should be noted that air dissolves in water proportional to ambient pressure. As airplanes ascend, ambient pressure decreases and air comes out of solution forming bubbles. These bubbles displace insulin in pump  excess delivery
Larger volume of insulin = more bubbles formed
Then during the descent, the air pressure increases and bubbles redissolve, stopping inuslin delivery until deficit replaced.
If remove before descent then will deliver normally




Pumps in Young Women

Percelved body images & social acceptance
Increased self-consciousness

Greater body dissatisfaction

Decreased body esteem






Misc Points

Increased risk for DKA

Pump volume should approximate
total daily dose x 3

Infusion sets MUST BE CHANGED Q3 days
Insulin on board 4-5 hours

Close follow-up by specialist (CDE, Diabetologist)
All rapid acting insulin analogues equivalent

Infusion should never be stopped — loss of insulin during
a shower ~.25 units

Bolus wizard should be used for ALL corrections

Have a back-up plan for pump failure (glargine dose and
prescription)



Most Important Factor when
Prescribing Pump Therapy??

PATIENT'
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