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 Hello again.  It seems like I just finished the last one and here I am already plowing 

through the current year's meetings.  They were held in beautiful downtown San Diego.  What a 

nice place to go either for meetings or vacation.  The Gaslight District has many good but not 

overly expensive restaurants and the baseball park is one block from the convention center.  For 

those of you who need to know, I went to one game and my braves beat San Diego 11-2.  It was 

tempting to go to other games because the ballpark can be seen from the convention center but I 

held myself in and did my duty.  There were approximately 13,500 attendees from 129 countries 

this year so it is still a very large meeting.  I will try to go through what I considered to be 

important and hopefully it will be of interest to you.  

 
 Before we get to any of the sections, I wanted to comment on one poster that has attracted 

the attention of many of my patients in Salt Lake. The group from Massachusetts General 

Hospital presented preliminary data on BCG treatment in long-term Type I diabetics.  This report 

has received a fair amount of press during and after the meetings so I thought I would start with 

it.  Bacillus-Calmette-Guerin (BCG) is a vaccine that is used for tuberculosis prophylaxis.  We 

do not use it in the states because tuberculosis is so uncommon but it is used a lot in developing 

countries.  It induces the release of tumor necrosis factor which "has been used successfully in 

rodent models to reverse disease (diabetes) by specifically removing autoreactive T cells and 

unleashing pancreas regeneration to restore long-term normal glycemia."  Please remember, 

these studies have all been in mice.  This report was a proof of principle phase I trial where they 

gave BCG to six patients who had had diabetes for a mean duration of fifteen years.  Three of the 

patients were given BCG and the other three were given placebo.  I will quote their summary.  

"BCG treated patients. . . exclusively showed transient increases in the number of circulating 

dead autoreactive T cells against insulin.  In two of the BCG subjects. . . C-peptide levels rose 

transiently above baseline levels to a statistically significant extent in comparison to 

longitudinally followed C-peptide in reference subjects."  They concluded that "BCG treatment. . 

. modified the autoimmunity that underlies even advanced Type I diabetes, suggesting that 

similar therapy may have value in the treatment and even reversal of advanced Type I diabetes".  
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This is a fascinating study which may have long-term implications for many of you.  C-peptide is 

a marker for endogenous insulin release.  That means that these patients were releasing some 

insulin fifteen years after they developed diabetes when given the BCG.  The BCG seemed to 

lead to the death of autoreactive T cells and increased levels of protective regulatory T cells.  

The implication is that BCG, by elevating the immune modulator tumor necrosis factor, actually 

prevented ongoing destruction of the beta cells and allowed them to regenerate to some degree.  

This is a very preliminary study (phase I) and needs much work before we can generalize from it 

truly.  Nevertheless, it gives some hope that we may be able to reverse the diabetes process even 

in patients that have had diabetes for an extended time.  Most of the other studies are looking at 

preserving beta cells in new onset diabetics but this study is looking at long-term veteran 

patients.  I will keep you posted as new developments occur over the next few years. 

 

Unique Pediatric Challenges 

 

 I am afraid the title of this session which was held on Sunday is rather redundant.  We all 

feel that all challenges with our pediatric patients are unique and that we are dealing with an 

alien population.  Be that as it may, that is what they called the session.  Dr. Olga Kordonouri 

started off by lecturing on advanced insulin pump use.  Dr. Kordonouri reiterated much of what 

has been taught to you pump users in our advanced pump class.  She pointed out that in children, 

the basal insulin should usually be somewhere around 0.3 to 0.4 units per kilogram of weight per 

day.  Her feeling was that the breakfast meal ratio normally was as high as 1:4 with lunch being 

1:10 and dinner being 1 unit for 7 grams of carbohydrate.  For meals with carbs and a fair 

proportion of fat and protein, the dual wave setting should be used since there is both a rapid and 

slow rise in glucose.  These meals would be things like pizza.  The standard setting could be used 

for predominately carbohydrate meals with a rapid rising glucose where the square wave was 

used for food with a very slow rise in glucose levels.  She felt that using the glycemic index 

helped manage post-prandial (after meal) glucose rise.  A dual wave setting was good for food 

with low glycemic index while the standard was good for high glycemic index foods.  Then she 

decided to get more complicated and brought up the concerns with fat and protein.  She 

introduced the FPU (fat protein unit) which is equal to 100 kilocalories of fat and protein.  One 

FPU is equivalent in calculations to approximately ten to twelve grams of carbohydrate.  When 

calculating meal boluses, she suggested that the insulin to FPU ratio be the same as the insulin to  

carb ratio.  She recommended a dual wave with the standard wave for carbs and the square wave 

for the fat and protein which would cover better for the next three to eight hours.  This system 

leads to better post-meal control but a somewhat higher rate of post-prandial hypoglycemia.  She 

recommended this FPU counting system for barbequed food, fast foods and high calorie foods 

like lasagna, pizza and meatloaf.  The other option is a 70/30 split of standard and square wave 

with the square wave over four hours while just using straight carb counting.  I have always been 

puzzled why carb counting alone is considered accurate enough.  If we are eating predominately 

carb foods, it makes good sense.  We have all struggled with the pizza dilemma and there are 

certainly other fatty foods that have thrown our patients off considerably.  For those compulsive 

mothers amongst you, this system would work very nicely for your child.  I cannot see our 

standard teenager using this system at all with its complexity unless we can come up with some 

cards that give very concrete suggestions for specific foods.  I will leave this to the dieticians but 

it might be a good idea.  Dr. Janet Silverstein from Florida then discussed the benefits and 

pitfalls of continuous glucose monitoring.  She is one of the grand old ladies of pediatric 
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endocrinology and has pretty extensive experience with continuous glucose monitoring.  She 

pointed out that in the JDRF study, patients who had a hemoglobin A1c of less than 7% found a 

significantly improved hemoglobin A1c and an increase in the amount of time (70 to 80%) 

within the target range.  In addition they did not have increased hypoglycemia.  On the other 

hand, patients with less good control (between 7 and 10% hemoglobin A1c) found some 

improvement in an A1c for patients on pumps (it dropped from 8.3% to 7.5%) and very little 

improvement with multiple daily injections (8.3% to 8.1%).  The STAR study showed that the 

frequency of continuous glucose monitoring use was the absolute key.  When patients used the 

monitor 21 to 40% of the time, the hemoglobin A1c only dropped from 8.2% to 8.0% but when 

they used it 81 to 100% of the time, the hemoglobin A1c dropped from 8.4% to 7.3%.  The other 

significant advantage to continuous glucose monitoring was less severe nighttime hypoglycemia.  

The patients studiesô had 36,000 nights on CGM.  During 8.5% of the nights there were at least 

two consecutive readings at less than sixty mg/dL.  With further adjustments the hypoglycemia 

rate dropped considerably.  There was also much less severe hypoglycemia.  It was found that 

exercise had a profound effect on the frequency of hypoglycemia.  There was hypoglycemia of 

less than 60 mg/dL in 10% of nights in which the child had been sedentary the evening before.  It 

jumped to 42% if the child had had exercise the evening before.  The studies also showed that 

the time of bolus before meals was very important.  We have reviewed this subject considerably 

over the last two handouts so I will not repeat that now.  The continuous glucose monitoring 

studies also showed that 65% of the kids missed at least one bolus per week.  She calculated that 

two missed boluses per week will raise the hemoglobin A1c by one half percent.  Her concerns 

were fairly predictable.  First, there was increased stacking of insulin as patients became 

impatient and gave correction doses too early.  Second, there seemed to be inappropriate 

knowledge of the lag time between blood glucose levels and interstitial fluid glucose levels 

(which is used for continuous glucose monitoring).  Third, there was a decreased frequency of 

blood glucose monitoring when the patient started to rely more heavily on the continuous 

monitor.  In her experience in Florida, 75% of the children who attempted continuous glucose 

monitoring stopped after one month of use, some after one week.  None of her patients wear it all 

the time.  Fifty to sixty percent do not use it at all even though they have the monitor.  Others 

will use it for troubleshooting but not for routine care.  The complaints that she heard from her 

patients were 1) too many hassles, 2) it was harder than they expected, 3) it interferes with sports 

and daily life, 4) there were too many interruptions, 5) there were too many skipped readings, 6) 

it hurts when inserted and 7) the alarm sounds too much.  She found that the patients who do the 

best start out with better hemoglobin A1c levels, are more motivated (she could determine their 

level of motivation fairly easily by seeing how many actually followed through with all of the 

steps the insurance companies required before they started monitor use) and came with better 

family support.  She felt for a program to have success with CGM they must 1) provide sufficient 

classes so that the patients are well trained, 2) they must provide realistic expectations (this 

includes the point that the CGM does not replace blood glucose monitoring, that it is not as 

accurate as the glucose monitor and that it will take time), 3) that they stress the importance of 

calibration, 4) that they understand the significance of the lag time and 5) that they set the alarms 

appropriately.  She felt that the low alarm should be set at 60 with the high alarm at 240 mg/dL.  

She recommended that we may want to turn off the predictive alarms initially so that patients do 

not become overwhelmed.  I will be getting back to continuous glucose monitoring later.  I 

thought her experience was somewhat humbling and we need to keep this in mind when people 

jump on the bandwagon.  Jill Weissberg-Bencochel, Ph.D., talked about pediatric adherence 
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challenges for sustained pump and continuous glucose monitoring use.  She pointed out that the 

brain is not done myelinating until 25 years of age and in particular it is the prefrontal cortex in 

which executive functioning skills develop that is developed later.  Thus, many of our teenagers 

simply do not have the full capacity to use this technology and that it may be more than our pre-

teens and teens are ready to handle in many cases.  This can be demonstrated very easily with the 

number of daily boluses that are missed when teens are on pumps and the frequency of glucose 

checking when teens are using the continuous glucose monitor.  In the studies she reported, 

patients between the age of 15 and 25 years used continuous glucose monitoring six or more 

days of the week only 30% of the time.  The children between 8 and 14 (because their parents are 

actively involved) used it six or more times per week 50% of the time.  She emphasized that we 

need to assess family conflict if we are going to have any success with either of these 

technologies and that we must reinforce parental involvement.  The pump is not the patientôs 

pump but is the family's pump at least through much of high school.  She also emphasized that 

we needed to consider the patient's comfort with the public nature of the technology since pumps 

and continuous glucose monitors will very likely be more noticeable and more apparent to their 

peers.  She said that we must plan for information overload and that we have to account for 

transient fluctuations as opposed to persistent patterns and for the annoyance of the alarms.  She 

suggested that maybe we should have classes for parents only for pumping and continuous 

glucose monitoring so that we can emphasize to the parents how important their role is with 

these patients.  There was nothing groundbreaking in any of these talks.  It just emphasized that 

sometimes our technology may be advancing faster than our ability to incorporate the 

technology.  As people work toward closed loop pumps and other even more advanced 

technology, we must keep this thought in mind.  Before our parents jump on a new approach, 

they should think very seriously and be counseled about some of the pitfalls that they might not 

have considered originally. 

 

Continuous Glucose Monitoring 

 

 I would next like to go through several different abstract presentations at the meetings 

about continuous glucose monitoring.  Most of the seminars on continuous monitoring dealt with 

closed loop systems and I will deal with that a little later but there were many short presentations 

on continuous glucose monitoring on its own.  A group from France did a one year open trial on 

poorly controlled diabetics that they defined as patients with a hemoglobin A1c of greater than or 

equal to 8%.  These patients were on insulin pumps or were doing multiple daily injections.  

Both groups had a significantly reduced hemoglobin A1c (a drop of 0.5% down to 8.4%) while 

on CGM when compared to a control group.  The rate of hypoglycemia was similar in the CGM 

group and the control group.  They looked at measurements of quality of life and found that both 

the patient satisfaction and physical health scores improved while using CGM.  Like others, they 

found the frequency of the CGM use was significantly correlated to the improvement in 

hemoglobin A1c.  They also found that patients on pumps did better than patients on multiple 

daily injections.  They concluded "a long-term use of CGM resulted in a sustained and 

significant improvement of metabolic control and quality of life in poorly controlled Type I 

diabetic patients on intensified insulin therapy".  A group from San Francisco and Boston looked 

at patient perspectives on continuous glucose monitoring.  They surveyed 389 patients that were 

solicited from a patient newsletter.  Three hundred and six were still using the CGM while 83 

were ex-users.  They found that the ex-users were more likely to be on Medicaid, to have a 



5 
 

household income under $15,000 and to be in the age group 18 to 24 years.  They could find no 

other significant differences in demographics.  The reasons for quitting are listed in the following 

table. 

. 

They found that 87% of the ex-users reported that they would reconsider continuous glucose 

monitoring and the main reason was that they felt that there was improved accuracy with some of 

the newer devices.  They concluded that the data suggests that current sensors are not accurate 

enough to satisfy many patients.  They also indicated that comfort is a key area of improvement 

for newer generation products.   A group from Northridge, California looked at how much 

provider time was used with sensor augmented insulin pump therapy.  They found that over a 

twelve month span, the healthcare provider spent approximately eight more hours on patients 

using pump and CGM compared to patients using MDI and blood glucose monitoring.  Most of 

the difference in time was spent at the pump initiation period and the time spent after three 

months was fairly similar.  We need to remember that continuous glucose monitoring does take 

more provider time and we will have to be careful about how many patients are started at a time 

because I am afraid our resources will be stretched thin very quickly.  A group from Poland did 

a meta analysis review of CGM, comparing CGM versus self-blood glucose monitoring in 

patients that were on intensive insulin therapy, be it pump therapy or multiple daily injections.  

They found thirteen trials that included 1,125 patients that were followed for at least three 

months.  The pooled data showed that the patients on CGM had a drop of hemoglobin A1c of 

0.26% greater than the patients on blood glucose monitoring.  The patients in the CGM group 

reached a predefined target 29% of the time versus only 16% in the standard controlled group.  

Twenty-two percent of the patients on CGM had a reduction of hemoglobin A1c of at least 10% 

while only 9% of the patients on standard therapy had a drop that large.  They also found that the 

incidence of any hypoglycemic episodes was lower in the CGM group.  They concluded "the use 

of CGM may contribute to improvement of glycemic control and reduction of instance of 

hypoglycemic episodes in Type I diabetes".  A group from Australia looked at calibration with 

continuous glucose monitoring.  I am not going to go through all of their data but their 

conclusion was "a one point calibration at lower compared to higher glucose levels improves the 

precision of CGMS glucose measurements in the lower glucose range.  However, multiple 

calibrations at various glucose levels do not further improve accuracy and lag of the CGMS per 

se compared to multiple calibrations performed at one glucose level".  All of these studies are 

helpful for when we are initiating more CGMS.  We need to learn from other's experience.  A 

group from Iowa looked at the feasibility of continuous glucose monitoring in children under 4 

years of age.  They had ten children who were using an insulin pump and thirteen who were 

using MDI.  Three of the children dropped out before the end of six months.  Of the ones who 

continued in the study, nine were using CGM six or more days per week, four were using it three 
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to five days per week and seven were using it less than three days per week.  The hemoglobin 

A1c, which was 7.9% at start, did not change over the six months.  They found that 

hyperglycemia was present more than half of the day in these children and biochemical 

hypoglycemia was infrequent.  Their results are in the following table. 

 
They concluded that more than 40% of these very young children were using continuous glucose 

monitoring on a daily or near daily basis after six months.  They did not comment on the fact that 

the overall control was unchanged and the rate of hypoglycemia likewise was unchanged.  Next 

we have a report from Stanford looking at the impact of real time continuous glucose monitoring 

in the classroom.  They had a survey of twenty children, parents and teachers to see the effect of 

the monitors in the classroom.  Seventy percent of the parents, 71% of the students and 77% of 

the teachers found real time continuous glucose monitoring moderately to very useful in the 

classroom.  Eighteen percent of the students found the device to be disruptive in the classroom 

whereas only 5% of the parents and 3% of the teachers felt it to be so.  Surprisingly, only 17% of 

the teachers reported having heard the vibrations or alarms in the class.  They concluded that the 

availability of the device in the classroom increased the comfort level of diabetes management 

with 72% of the parents, 88% of the students and 45% of the teachers agreeing.  This study is 

interesting because one of the big complaints listed above was that the devices are too 

disruptive.  Apparently in this group that was not the case.   

  

 A group from San Diego looked at the Dexcom sensor in the hypoglycemic blood sugar 

ranges.  They first looked at the prototype Gen4 which has a newly designed membrane and 

improved algorithms.  It demonstrated improvements in performance in the hypoglycemic range 

with 84% of the results being within 20 mg/dL of the blood glucose level.  This compares to 

73% of the results in the Seven Plus Dexcom system.  They then used a prototype of the Gen5 

Dexcom and found it to be within 20 mg/dL in 90% of the cases.  Thus with each subsequent 

generation, the improvement in the critical hypoglycemic range improved.  This is exactly what 

we need to see with these monitors before we jump to having everybody using them.  The Gen4 

and Gen5 are actually not available yet but obviously the companies are getting better and 

better with their accuracy.  The same group presented another study looking at the calibration 

required for the Dexcom Gen4.  As you know, it is highly recommended that these continuous 

glucose monitoring devices be calibrated when glucose levels are stable.  With many of our 

patients it is difficult to find a period where the blood sugars are stable for a long enough time.  

This study showed that the Gen4 when calibrated at different rates of change in blood glucose 

level had no significant difference in its overall accuracy.  Thus it appears that with the newer 

generations, calibration will also be much less onerous. A group from Escondido, California 

looked at the Gen4 Dexcom continuous monitor and compared it to the OneTouch Ultra2 meter 

as far as accuracy when compared to laboratory instrumentation.  They found that the blood 

glucose monitoring with the OneTouch was more accurate in the hypoglycemic range (96.6% 

versus 73.8%).  On the other hand, the continuous glucose monitor was more accurate in the 

hyperglycemic range and the two approaches performed similarly in the euglycemic range.  It 
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concluded "compared to prior generations of continuous glucose monitoring, the non-adjunctive 

clinical use of CGM appears more feasible".   

 
This study merely shows that each generation is getting better.  Ultimately we want to be able to 

do continuous glucose monitoring as the primary way to follow blood glucose levels.  Remember 

that the recommendation right now is that it be adjunctive and just a supplement to the normal 

blood glucose monitoring.  The group from Escondido also looked at the Gen4 Dexcom as far as 

accuracy of the alarms.  I have included their chart below. 

 
As you can see the accuracy of the alarms is getting better also.  There are still some problems 

with the low alarm under 55 mg/dL but in general each new generation is improving.  The group 

from San Diego also looked at the Gen4 Dexcom over a ten day stretch.  They found that at day 

10 there was no significantly higher sensor failure rate (there was a less than 5% missed readings 

on day 10) and they concluded that with further improvements, this device might be able to be 

used for anywhere from ten to fifteen days at a stretch.  The group from Northridge, California 

looked at the Enlighte sensor from Medtronic.  It features a small, short introducer needle with 

automatic retraction and a ninety degree insertion angle.  The sensors were worn on the abdomen 

and the buttocks.  Eighty-six point two percent of the sensors remained operational for the entire 

six days.  More than 96% of paired readings with lab glucose values were in the zone A and B 

Clarke Error Grid.  They found that the absolute relative difference was up to 18.5% on day 1 

and 10.6% on day 3.  They concluded "performance attributes of the Enlighte sensor should 

facilitate its use in diabetes management.  Sensors may be placed on the buttock with no loss of 

accuracy compared to those placed on the abdomen".   

 

 The new Veo insulin pump/continuous glucose monitoring system was studied by 

Francine Kaufman.  She pointed out that the Veo (which is not available in the United States for 

clinical use yet) allows for automatic suspension of insulin delivery at pre-specified low glucose 

values.  It has been in use in Europe since June of 2009.  There were 935 patients who used the 

system for a total of 49,867 patient days.  A total of 27,216 low glucose suspend episodes (LGS) 

occurred.  Sixty-five percent of these episodes lasted thirty minutes or less and only 11% lasted 

for more than 115 minutes.  In a group of 278 subjects who wore the device continuously for 

three months, she compared results with the low glucose suspend feature on and off.  The percent 

of sensor glucose values less than 50 mg/dL was 0.92% with LGS on and 1.33% with LGS off.  

When the LGS episodes lasted for more than 115 minutes, the mean serum glucose was 58.8 
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mg/dL at activation of the system, 136.8 mg/dL at 180 minutes and 150.1 mg/dL at 240 minutes.  

She concluded "use of the LGS feature was associated with less hypoglycemia and 

hyperglycemia and LGS episodes of 120 minutes did not lead to hyperglycemia".  I think the 

most interesting factor is that these patients did not have rebound hyperglycemia after the low 

blood sugar.  Almost always we seem to go too high after they drop down.  There were two 

posters that I wanted to mention addressing closed loop pump therapy.  First there was a study 

from a combined TrialNet and DirectNet study designed to assess the impact of tight metabolic 

control at the diagnosis of diabetes.  I will mention Dr. Buckingham's comments from the 

seminar later and this was actually his poster.  The system combined an external subcutaneous 

pump sensor with a proportional-integral-derivative algorithm utilizing insulin feedback to 

provide minute-to-minute insulin delivery based on sensor glucose levels.  They had nineteen 

subjects between 8 and 16 years of age who were readmitted to the hospital one week after 

diagnosis of Type I diabetes.  They were hospitalized three to four days.  I should mention that 

the system was hybrid in that about 75% of the estimated insulin was given by bolus via carb 

counting prior to an unrestricted meal.  They found that the mean reference glucose was 135 

mg/dL and the median insulin dose was 1.2 U/kg/day.  There were no severe hypoglycemic or 

hyperglycemic events.  The following table shows their overall results comparing the pre-hybrid 

closed loop data with the closed loop data and the one week post-closed loop data. 

  
 They concluded "HCL therapy can rapidly and safely restore metabolic control following the 

diagnosis of diabetes".  They concluded also that improved glycemia is sustained on 

discontinuation of the hybrid closed loop therapy.  This is based on one week's worth of data so I 

am not sure how much stock to put in to the conclusion.  On the other hand, the really important 

data will be presented next year at one year after diagnosis.  We know that these patients do 

have more C-peptide production down the line but we need to see if this is sustained and what 

clinical significance it produces.  A second abstract was from Santa Barbara and addressed 

Hybrid Artificial Pancreas Using Pre-Prandial Inhaled Insulin.  They noted "an artificial pancreas 

(AP) that solely controls insulin delivery via the subQ route can improve overall glucose 

regulation; however, the post-prandial peaks will still be a challenge due to the slow absorption 

rate of subQ insulin".  They used a hybrid system in which the closed loop system provided basal 

insulin as described in the earlier sessions.  In addition they used Technosphere (inhaled) insulin 

as a way to deliver the first phase of insulin to counter post-prandial peaks.  The results can be 

seen on the following graph. 
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With the use of 10 units of Technosphere insulin the post-prandial glucose was lowered by 60 

mg/dL and with 20 units of Technosphere insulin it was dropped 86 mg/dL.  Eighty-six percent 

of the patients remained in the normal glycemic region with 10 units and 100% remained in the 

normal glycemic range with 20 units of Technosphere insulin.  They concluded that a hybrid 

approach that combines inhaled insulin for first phase insulin delivery with a closed loop pump 

system can provide improved and safe glucose regulation, even for large meals.  I will be getting 

back to Technosphere insulin later but I thought this was an interesting approach that might be 

useful down the line.  There were other posters and abstracts presented on continuous glucose 

monitoring but I thought that these were the ones that you would most want to read about.  This 

is a favorite topic obviously and will continue to be so for the next few years.  My take is that the 

accuracy and usability is improving with each new generation.  We still have all of the issues 

that Dr. Silverstein brought up above.  This is not an approach that most of our patients will be 

willing to take on yet but I can see many more of our patients doing so over the next couple of 

years.  I would certainly wait until the newer generations that I described are available before 

jumping in, however.  The other problem is that the system that is probably considered the most 

accurate of the current systems (the Navigator by LifeStyle) is still on production delay and is 

not available.  Unfortunately, it also has been okayed by the FDA for only patients 18 and older.  

No one seemed to know when it would be available and when it would be available for younger 

patients.  Stay tuned because this is the wave of the future.   
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Closed Loop Pumps 

 

 The next step with continuous glucose monitoring, of course, will be a closed loop 

system where we can truly have an artificial pancreas.  The continuous monitor would control 

the pump without patient interference.  We are still not at that point since there is a tremendous 

amount of technologic development that will need to occur to make it user friendly and small 

enough to be portable.  Nevertheless, there is a good deal of research working toward this goal.  

On Monday I attended the session entitled Joint ADA-JDRF Symposium. The Perpetual 

Question:  When Will We Close the Loop, A Progress Update.  The first speaker was Bruce 

Buckingham from Stanford on hypoglycemia prevention.  He pointed out that 12% of young 

patients on pumps and 14% of young patients on multiple daily injections have severe 

hypoglycemia in a one year span.  The DCCT had 62.2 hypoglycemic events per year in the 

intensively trained patients where the standard patient had only 13.5 events per year.  He pointed 

out that only 29% of kids respond to hypoglycemia when asleep.  They have an average of one 

hypoglycemic event per week.  Thirty percent of children fail to respond with adrenalin when 

they drop low which leads to the hypoglycemia unawareness.  After use with the continuous 

glucose monitor, there is a significant increase in adrenal response and thus the children are 

better able to recognize lows.  He also talked about the pump interruption when the patient drops 

low.  He brought up the research from Australia using the Veo system that I mentioned earlier.  

In this case the pump can interrupt insulin delivery for up to two hours.  It would kick in when 

the rate of glucose was dropping rapidly to the hypoglycemic range.  With the interruption, the 

glucose would automatically rise ten to twenty mg/dL/h.  It decreased the rate of hypoglycemia 

considerably and yet there was no ketone production.  In this study 11% of the patients were 

found to have hypoglycemia that lasted the full two hours and 74% of the episodes occurred at 

night.  Thus it was designed to anticipate hypoglycemia approximately 45 to 50 minutes before 

the hypoglycemia would occur.  There has been a real concern about the risk benefit ratio since 

there was a real concern about possible DKA occurring but apparently with this system it was 

not a risk at all.  He also pointed out that hypoglycemia occurs much less frequently in patients 

who still have C-peptide production (you will remember that means still making some insulin).  

He quoted the study from Yale that showed persistent C-peptide production led to a reduction in 

glucose variability and recurrent biochemical hypoglycemia.  He quoted other studies that 

showed that continuous glucose monitoring with pump therapy at one week after diagnosis 

enabled some patients to maintain significant C-peptide levels for two years.  Thus he thought 

that this might be an appropriate approach in the future to help alleviate some of the 

hypoglycemia fears.   

 

 Dr. Roman Hovorka discussed the United Kingdom's experience with semi-closed loop 

pumps.  In this system, the pump and continuous monitor are closed overnight but the patient 

dials in the carb boluses during the day.  Thus this approach requires patient intervention.  He 

reported two combined studies in children ages 5 to 18 years with an average hemoglobin A1c of 

8.5% and taking 0.92 units of insulin per kilogram per day.  The results are in the following 

chart.              

             Closed Pump    Open Pump 

 Glucose Average 124 133 

 % Time in Target 71 43 

 % Time  70 mg/dL 2.1 4.1 
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Another study used a semi-closed system where meals but not snacks or exercise were dialed 

into the pump.  They found that the average glucose was 128 mg/dL as opposed to the same 

patients on standard pump therapy with an average of 166 mg/dL.  However they could not 

prevent the hypoglycemia associated with exercise or over bolusing.  He stated that they are 

working on a system for home use in the United Kingdom that has been approved but it has not 

yet been implemented.  He felt the major benefit was prevention of hypoglycemia during the 

night period but pointed out that the day requires patient compliance which is an ongoing issue. 

 

 Dr. Edward Damiano talked about Fully Closed Loop/Where Do We Stand?  He talked 

primarily about bi-hormonal pumps in which two pumps are attached, one with insulin and one 

with glucagon along with continuous glucose monitoring.  The first study was a one day study in 

which they were measuring glucoses every five minutes for 27 hours and the system was entirely 

reactive.  The glucagon usually had to be released in the late post-prandial (after meal) period in 

order to prevent hypoglycemia.  The glucose values were within the target range 60% of the 

time.  There were huge disparities in insulin absorption both within the same subject and 

between subjects.  The glucagon peak was about 23 minutes after it was infused and was very 

effective in preventing hypoglycemia.  Next they did a two day study which actually lasted 51 

hours in which they were measuring glucose values every fifteen minutes.  He used the 

Navigator system and felt it far superior to the other systems that he tried.  They used small 

priming boluses at the start of each meal but the meals and exercise were unannounced so that 

there was no insulin given significantly before eating.  There were still glucose peaks after meals 

that ranged in the 180 to 250 range.  The mean blood glucose value was 153 mg/dL and the 

Navigator average was 136 mg/dL. They were within target 77% of the time.  He is now heading 

into a five day study which is currently in progress.  They are using an iPod touch which means 

they have a portable monitoring device.  It records the glucose, the insulin given and the 

glucagon given.  This is not a fully closed system since there is a button for pre-meal small 

boluses.  This system is designed so they can switch from closed to open loop when needed.  We 

will need to stay tuned to see the results that he achieves.   

 

 Then Dr. Boris Kovatchev gave an update on sensor technology-What Do We Have and 

What Does the Future Hold?  He first went through some of the history pointing out that the first 

blood glucose monitoring on an outpatient basis was achieved with the Ames Reflectance meter 

in 1972.  The first continuous glucose monitor was introduced in 1999 but it was retrospective in 

that it did not give real time results.  Finally in 2010 there was the first integration with pumps.  

He states that because the systems use interstitial fluid there is always the problem with the lag 

time and calibration errors.  He feels that this automatically makes it the weakest link in the 

system.  He mentioned that BD is working at measuring glucose binding protein.  A 100 

microgram needle is implanted subcutaneously or intradermally.  The meter picks up the 

fluorescent signal.  Eighty-five percent of the results thus far were in the A range.  The Enlite 

sensor from Medtronic will be 40% smaller than the current sensor.  It has a six day life and has 

a faster running time and improved accuracy.  The Enlite is being incorporated in the Veo 

system.  The Dexcom4 is 60% smaller than the current Dexcom sensor.  There is a faster startup 

time and 77% of the results are in the A grid.  This will be incorporated in the Animus Vibe 

system.  Things are moving rapidly in this field and I am sure there will be much more to report 

next year.  Eventually this is very likely where we will go with a continuous monitor that is 

communicating at least partially with a subcutaneous pump.  I suspect that we will probably end 
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up more in the semi-closed loop category where patients still bolus for food since the monitor 

cannot anticipate food that is coming.  Thus there will always be the potential for user error, 

unfortunately. 

 

 On Sunday there were several abstracts presented at one of the oral sessions.  A group 

from Portland presented Automated Adaptive Closed Loop Insulin Delivery for Stress 

Hyperglycemia in Type I Diabetes.  As they pointed out "stress hyperglycemia from acute 

medical problems, emotional stress or drugs is difficult to manage and can increase morbidity".  

They hypothesized that an automated sensor controlled algorithm based on continual 

measurement of insulin sensitivity would reduce the magnitude of stress hyperglycemia.  They 

tested their system with eight subjects who were given hydrocortisone, a steroid that significantly 

decreases insulin sensitivity.  They found "in response to steroid induced hyperglycemia, an 

automated model based algorithm detected reduced insulin sensitivity and markedly increased 

the infusion rate of subcutaneous insulin.  These adaptations led to marked reductions in pre- and 

post-prandial glucose levels despite continued high dose steroid administration".  Thus they felt 

that it seemed to be a promising treatment for stress induced hyperglycemia in Type I diabetes.  

A group from Hanover, Germany addressed the low glucose suspend function in sensor 

augmented pump therapy.  They used the Paradigm Veo system from Medtronic.  It is a novel 

automatic insulin shutoff mechanic to prevent severe hypoglycemia.  The system is alerted when 

the blood sugar reaches 75 and suspends insulin delivery when the blood sugar reaches 70 

mg/dL.  It is suspended for two hours and then resumes insulin delivery.  The frequency of low 

glucose suspend alerts was 2.56 episodes per patient per day in 24 pediatric patients between the 

ages of 1 and 21 years.  Of all the LGS episodes, 42% lasted less than thirty minutes while 24% 

took more than 120 minutes.  The LGS of greater than 120 minutes was much more frequent in 

the night (84% of episodes).  The number of hypoglycemic events was significantly reduced 

when they were using this system.  For blood sugars less than 70 mg/dL their rate was 0.95 

events per day versus 0.75 in the regular pump patients.  For blood sugars less than 40 mg/dL it 

was 0.13 episodes per day versus 0.28 episodes per day.  The mean glucose with the LGS system 

was 148 mg/dL for the full day.  They concluded that the LGS prevented severe hypoglycemia.  

A group from Charlottesville, Virginia (including patients from France, Italy and California) 

used a modular advisory automated control system to reduce glucose excursions out of the safe 

range in a closed loop pump.  These patients used the navigator or Dexcom7 continuous 

monitors along with the Omnipod insulin pump.  The advisory module "used metabolic state 

estimation to predict hyperglycemia and to suggest conservative correction boluses with a target 

of 150 mg/dL.  The safety module also reduced the basal rate automatically using predicted risk 

of hypoglycemia which was updated every fifteen minutes".  I cannot go into the details because 

they were not fully explained nor would I understand them.  They found that when compared to 

the patient's own pump therapy, the AAC reduced out of range glucose deviations as indicated 

by increased percent time within the target range of 72 to 180 mg/dL to 75% of the time versus 

60%.  It reduced the risk of extreme glucose excursions two fold.  Likewise it decreased 

hypoglycemic episodes below 70 mg/dL over two fold.  They found that age was a significant 

factor with the adolescents involved in the study who generally ran higher and with more 

variable glucose levels.  They concluded that a hybrid AAC system combining automated safety 

with advised corrections provides a feasible alternative, or replacement, for standard open loop 

insulin pump therapy.   
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 A group from Santa Barbara reported on the JDF Artificial Pancreas Project.  They have 

developed a fully automated closed loop system which combines one or more subcutaneous 

continuous glucose monitors, a continuous subcutaneous insulin infusion pump with a 

sophisticated control algorithm.  They were testing to see if it allowed efficient glycemic control 

without any prior meal information using multi-parametric model predictive control with an 

insulin on board safety constraint.  They found that the system recognized all of the unannounced 

meals and gave appropriate meal boluses.  The average percent time within the range of 80 to 

180 mg/dL was 77% with one mild hypoglycemic episode.  All of the reported results were 

within the A and B zones of grid analysis.  They concluded that "the controller safely regulated 

glycemia despite initial hyperglycemia and unannounced meals".  Dr. Havorka's group from 

Cambridge, United Kingdom looked at a closed loop insulin delivery system using the Animus 

pump and Dexcom continuous monitor during a 36-hour period replicating normal daily 

activities in twelve adolescents.  These patients had an average hemoglobin A1c of 7.9%.  Half 

of the patients were placed on an open loop system and the other half were on the closed loop 

system.  They tried to mimic a normal day with normal consumption of meals (50 to 80 grams of 

carbohydrate) with self-calculated insulin boluses and snacks of 15 to 30 grams of carbohydrate.   

Moderate intensity exercise on a stationary bike was performed for forty minutes and then later 

twenty minutes.  The snacks and the exercise were unannounced.  The overall mean glucose 

levels were 130 mg/dL with the closed loop versus 162 mg/dL with the open loop.  The time 

spent in target (70 to 180 mg/dL) was 82% with the closed loop and 55% with the open loop 

system.  Time above 180 mg/dL was 13% with the closed loop and 37% with the open loop and 

time spent below 70 mg/dL was 5.4% with the closed loop versus 7% with the open loop.  

Overnight plasma glucose levels were in target 97% of the time with the closed loop and 51% in 

the open loop patients.  Hypoglycemia occurred on nine occasions in patients on the closed loop 

system versus eleven occasions on the open loop.  The attached graph shows the relative results. 

 
 The group from Yale looked at a closed loop system both without and after exercise.  

They pointed out that in the average patient nighttime hypoglycemia almost doubles after 

exercise.  There is a need for increased glucose with exercise and again seven to eleven hours 

later as glycogen is being restored.  They compared patients with open loop pumps and closed 

loop pumps both on sedentary days and exercise days.  During nights following sedentary days, 

86% of the blood glucose values were within target (80-140 mg/dL), 5% were below target and 

9% were above target during closed loop control compared to 54%, 10% and 46% respectively 

during open loop treatment.  During nights following daytime exercise, 72% of blood glucose 

levels were within range, 8% below and 20% above target in closed loop control compared to 
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52%, 21% and 27% during open loop control.  They concluded "compared to open loop pump 

therapy, the closed loop system was associated with greater percentage of nocturnal blood 

glucose values within target and fewer episodes of nocturnal hypoglycemia following sedentary 

or exercise days.  Such systems, even if used at night only, may be useful to improve glycemia 

and minimize the risk of nocturnal hypoglycemia in people with Type I diabetes in the home 

setting".  As I said before, this is the wave of the future and very likely will be where we head in 

the not-too-distant future.  Do not hold your breath, however, because there will be years of fine 

tuning before this becomes universally available. 

 

Insulin Pumps 

 

 There were no sessions designated specifically for insulin pumps (other than in closed 

loop systems) but there were still were several posters that were presented.  The group from 

Santa Barbara looked at the accuracy of insulin delivery as they were working with their 

artificial pancreas system.  They tested very small amounts of insulin delivery as needed with 

this system.  The following graph shows that the use of the Omnipod was considerably more 

accurate than syringes and pens although the pens were much more accurate than the syringes. 

 
A group from Italy compared pump use with multiple daily injection use with data extracted 

from electronic medical records.  They determined something known as a Quality of Care 

Summary Score and found that the patients on pump therapy were slightly better at 26.5% versus 

patients on MDI at 25.0%.  They found that among centers using pump therapy, quality of care 

delivered to patients treated with either pump or multiple daily injection increased with the 

increase in the number of patients at the clinic treated with pumps.  They concluded that within 

centers adopting pump therapy, patients on pumps received better care than patients on MDI.  

The difference was very slight, however, and I am not sure that we can take much of a message 

from this.  I think that it still boils down to what the patient wants and is best able to handle.  An 

abstract from the STAR 3 study was presented with our own Dr. Carol Foster as an author.  The 

STAR 3 was a one year trial comparing sensor augmented pump (SAP) therapy to multiple daily 

injection therapy in Type I children.  They were comparing pediatric subjects at the high versus 

low end of study hemoglobin A1c values to see if they used or adjusted their pumps in different 

ways.  The subjects with low hemoglobin A1c values used lower total daily doses of insulin, 

more boluses per day and smaller boluses than those with high hemoglobin A1c values.  They 

had fewer sensor values greater than 180 mg/dL but a similar number less than 70 mg/dL.  They 

concluded "that promoting behaviors that allow pediatric SAP patients to give smaller and more 
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frequent boluses may help to optimize glycemic outcomes".  The results are in the two following 

charts.  Q1 means the first quarter of the study and Q4 the last quarter of the study. 

 
 I wonder why we harp on our pump patients on the number of boluses that they can download.  

Maybe there is some justification to our concerns.   

 
 

 The group from New Haven used an infusion site called the InsuPatch for pump therapy.  

This is a site warming device that in theory should increase the rate of insulin absorption and 

provide better control of post-prandial glucose levels.  They found that the time to reach half 

maximum action and maximum insulin action were 19 and 36 minutes earlier with the InsuPatch 

than with straight NovoLog pump therapy.  They concluded that these data "indicate that the 

onset and the overall peak action of a rapid acting insulin bolus is earlier when InsuPatch is 

activated to warm the infusion site in pump treated patients.  This effect could mitigate post-

prandial hyperglycemic excursions and improve overall glycemic variability".   I did not get to 

see this patch unfortunately.  They also did not provide any data of how readily it was accepted 

by the patients.  Anything to increase insulin rapidity is worthwhile, however.   

 

 A group from Seattle looked at the effect of the addition of once daily Lantus to 

continuous glucose insulin infusion therapy on glucose variability.  They were looking at twelve 

children between the ages of 8 and 18.  Unfortunately, they found that the glucose variability 

worsened after the addition of Lantus rather than improved it.  They concluded "the method of 

adding a once daily injection of insulin glargine as a substitute for a portion of basal continuous 

subcutaneous insulin infusion may worsen glucose variability".  I do not think that any of us 

recommend concurrent Lantus and pump therapy except for the athletes that have long periods 

where they cannot wear their pumps.  In that situation, the addition of Lantus has been a real 

boon.  This study shows that it is not beneficial in normal day-to-day living.  

 

  I should take this time to mention some developments from the commercial exhibit.  The 

new OmniPod pump that I mentioned last year is still not available.  It continues to be evaluated 
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by the FDA which is going much slower now than it has in the past.  It will be 35% smaller than 

the current pod and weigh 25% less.  The rep asked me to please remind patients using the 

OmniPod that it can be and should be recycled.  The Medtronic pump is really not different from 

before.  They are supporting the test BFU Drive Program.  We have always taught our pump 

patients to always test before getting behind the wheel of a car and this program is emphasizing 

that message.  They are working on transmission through care link that could be transmitted to 

iPads and to computers.  They are also working on ways to have the continuous monitor 

transmitted to the bedroom.  Finally I would like to mention the Accu-Chek solo micro that I was 

not supposed to see.  We have not used Accu-Chek pumps in the past but this one really struck 

my fancy.  It is a pod just like OmniPod but it has a detachable base.  Thus the reservoir can be 

detached and reattached at will.  Thus if someone is playing football and needs to have the pump 

off they can do so which we currently cannot do with the OmniPod.  Being a pod, it is controlled 

by radio and of course has no tubing.  It also has a bolus button so that if the controller is not 

readily available a patient can bolus insulin for food.  The rep who showed me (who was from 

Europe and so could wear one) thought that it possibly could be out next summer.  This seems to 

be the next step in pod therapy. 

 
 

Insulin Therapy 

 

 On Saturday afternoon I attended abstract presentations on newer insulins.  A group from 

the United Kingdom compared insulin Degludec with Lantus in terms of nocturnal 

hypoglycemia.  Insulin Degludec is a new basal insulin that forms soluble multi-hexamers upon 

subcutaneous injection which results in an ultra long action profile.  Some of the other studies 

have shown that it can last up to three days.  In this study they used it for a year in 629 adult 

patients with Type I diabetes.  The goal was a waking blood glucose of 70 to 90 mg/dL.  They 

found that at one year both Degludec and Lantus improved the overall glycemic control by a 

0.4% drop in hemoglobin A1c (7.7 to 7.3%).  On the other hand, the rates of nocturnal 

hypoglycemia with blood glucose levels of less than 56 mg/dL were 25% less with the use of 

Degludec.  This worked out to 4.4 episodes over the year versus 5.9 episodes per patient year.  

The rates of overall confirmed hypoglycemia (including daytime) were similar for the two 

insulins.  They concluded "insulin Degludec given as basal bolus treatment with insulin aspart 

(NovoLog) in people with Type I diabetes, improves long-term glycemic control with a 

significantly lower rate of nocturnal hypoglycemia compared with insulin glargine (Lantus)".  

Dr. Satish Garg from Denver presented a talk on human hyaluronidase plus recombinant human 

insulin versus Humalog in a basal bolus regimen.  As he pointed out, recombinant human 

hyaluronidase is FDA approved to increase the dispersion and absorption of other injected drugs.  

The study was to see if it could improve the rapidity of action of analog insulin.  The 
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hyaluronidase works only transiently and locally; it does not have a systemic effect.  They added 

it to regular insulin and it seemed to speed up Regular to be comparable to the analogs.  You will 

remember that regular insulin is considerably slower than the analogs so we are much more 

interested in comparisons when given with either Humalog or NovoLog.  Interestingly enough, a 

poster was presented using hyaluronidase with Humalog.  The results are shown in the following 

diagram.   

 
As you can see, there was a consistently ultrafast profile with greater and earlier peak exposure 

with the use of hyaluronidase.  Insulin action in the first hour is doubled and after four hours it is 

halved.  Each of these graphs is a different individual so you can see that the effect was pretty 

consistent throughout.  These studies are very interesting and may enable us to do much better 

with post-prandial blood sugars than we are currently doing.  This would also alleviate the need 

for working on the timing as we keep preaching to you.  I have no idea if hyaluronidase can 

remain in the bottle with one of the analogs or if it has to be added at the time.  These are things 

we will learn over the next year but I think the results are very promising.  By the way, there was 

another late breaking abstract that looked at the question of speeding up insulin effect.  They 

used a needle-free jet injection device much like we used years ago back when we were using 

regular and NPH.  They compared it to a conventional insulin pen.  They found that the time to 

peak insulin effect was 31 minutes with the jet injector versus 64 minutes with the pen.  In 

addition, the duration of hyperinsulinemia and of the glucose lowering action were shorter with 

the jet injector than with the pen. This may be another way of speeding up the insulin so that we 

are covering food at the time much better without as much risk for hypoglycemia a few hours 

later as the Humalog or NovoLog effect wanes.  The problem that we had with the jet injectors in 

years past was that they caused quite a bit of bruising.  I will be interested to see if someone tries 

to come out with another similar device and if we have the same problem still.  Another poster 

from France introduced a new human insulin formation called BioChaperone.  It is a modified 

dextran and has  been shown in animal studies to have a very fast onset and short duration of 

action.  They did human studies and the results are on the following graph. 
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It shows that the BioChaperone insulin (BCI) works just about as fast as NovoLog (IAS) and 

much faster than regular insulin.  They concluded that the BioChaperone insulin enhances human 

insulin absorption and is as fast as the fast acting insulin analogs.  Unfortunately they did not 

show that it was faster than our current analogs.  I will not be excited until it is a faster insulin. 

 

 Next we head back to an old friend, inhaled insulin.  You remember that Exubera was 

taken off the market by Pfizer when they found that there simply was no market for the insulin 

and that most people found it both cumbersome and to not work well.  The other inhaled insulin 

that was examined at that time is still moving down the production line.  It is called 

Technosphere insulin and is an ultra-rapid acting inhaled insulin with pharmacokinetics suited to 

control post-prandial glucoses.  The study was presented by Satish Garg from Denver and 

studied patients on Lantus who were doing multiple daily injections of Humalog.  Half the group 

continued on the Humalog and half the group switched over to Technosphere.  They were 

followed for a total of sixteen weeks.  The one hour and two hour post-prandial glucose levels 

were significantly lower with the Technosphere insulin than with the Humalog insulin.  The 

overall total and mild to moderate hypoglycemic event rates were significantly reduced with 

Technosphere.  The hemoglobin A1c change at sixteen weeks was similar in the two groups.  

They concluded "Technosphere insulin use was comparable in A1c reductions to insulin lispro 

(Humalog) with significantly lower one and two hour post-prandial glucose and fasting glucose 

and fewer hypoglycemic events per patient month in patients with Type I diabetes on MDI".  

They concluded a longer study was needed to evaluate the clinical benefit of a lower fasting 

plasma glucose and post-prandial plasma glucose.  The same group  presented another poster on 

Technosphere insulin in which they followed fifteen patients with Type I diabetes for 45 days.  

They found that final mean mealtime Technosphere doses were 8.6, 9.8 and 9.6 units for 

breakfast, lunch and dinner.  During the study, the mean basal insulin remained the same as 

when they were taking Humalog.  They also found that a second supplemental dose of 

Technosphere insulin was taken 37.7% of the times 90 to 120 minutes after meals.  The mean 

supplemental doses at day 45 were 5.1, 6.6 and 7.9 units for each meal.  The hemoglobin A1c 

values decreased from 7.86% to 7.47% during the study.  They concluded that supplemental 

inhaled insulin improved glucose control without any increase in time spent with blood glucose 

values less than 60 mg/dL.  They recommended a randomized study with a larger group of 

patients.  If I remember correctly, the Technosphere insulin has a much smaller and more 

practical inhaler device.  This may actually be useful for patients with multiple daily injections 
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and might be useful for patients on hybrid closed loop pump therapy later on who need extra 

insulin for food.  There may yet be a future for inhaled insulin.   

 

 Now we will go back to the oral presentations and a study presented from China in which 

our old friend oral insulin reemerges.  In this case, bioadhesive calcium phosphate embedded 

insulin nano particles within enteric coated capsules were used to facilitate gastrointestinal 

insulin absorption and to overcome gastric damage.  What they found was that the onset of 

action was anywhere from 38 to 65 minutes depending on the strength of the dose.  The time for 

reaching a maximum value was anywhere from 170 to 236 minutes.  They pointed out that the 

dose curve was somewhat similar to NPH insulin but that there was a rather high between subject 

variability and absorption.  I do not think that this is an insulin that we will ever see on the 

market in the States.  It is too slow and much too variable.  It is an insulin that you really cannot 

predict exactly what it will do in a given individual.  It is too bad because it would be nice to take 

two pills before a meal and have it work as well as the shots.   

 

 Before leaving insulin treatment, I wanted to mention a talk that I heard by Matthew 

Riddle, M.D. Saturday afternoon on long-acting insulin analogs.  He first looked at the action 

profiles of Lantus and Levemir.  Neither of them are the flat insulins that we like to claim they 

are.  Lantus has a small peak at about six hours duration and then is flat for the rest of the 24 

hours.  Levemir seems to have a broader peak at nine hours and is pretty much back to baseline 

at fourteen hours.  As a result, if you look at the glucose profile, the levels remain roughly steady 

for Lantus for 24 hours and the Levemir graph shows the glucose rising fairly abruptly after 

about fourteen hours.  He states that there is little variability in most patients with Lantus.  There 

is some inter-individual variability but the levels seem to remain about the same day-to-day in 

most patients.  Levemir gives quite similar profiles with less day-to-day variability.  However 

there is still some inter-individual effect and it does have the shorter duration and greater peak.  

He went through some of the early Lantus versus NPH studies and you are all very familiar with 

those from years past.  He felt that Levemir was very similar to Lantus in this regard.  When 

Lantus is studied versus Levemir the results are almost superimposable although 55% of the 

patients on Levemir had two shots per day and they had on average a 50% higher dose.  The 

insulin Degludec has delayed absorption and decreased clearance from the blood.  Thus it has a 

roughly 48-hours duration, a flat action curve and less likelihood of causing hypoglycemia.  

However this advantage in hypoglycemia may not be as much as the one back when we switched 

from NPH to Lantus.  He stated that the average doses needed for the insulins were 0.48 

U/kg/day for Lantus, 0.45 U/kg/day with Degludec and 0.78 U/kg/day with Levemir.  I should 

point out that he established these doses in Type II diabetics so we need to be certain that we do 

not take these doses quite literally for our own patients.  Dr. Phillip Home talked about 

biosimilars.  These are insulins that will be on the market in the near future to compete with 

Lantus and the rapid analogs.  NovoLog will have their orphan drug status removed in 2012, 

Humalog in 2013 and Lantus somewhere between 2014 and 2015.  The biosimilar insulins are 

intended to be clinically identical to the brands but they are not structurally identical.  As a result 

we have to be careful about possible differences in duration of action and antigenicity.  Thus we 

will have to watch carefully when these drugs come on the market and learn from each 

individual patient how they respond.  The advantage of the biosimilars is that they will very 

likely be considerably cheaper.  These are not generics but insulins that are very similar but not 

identical to the brand product.  I can see insurance companies jumping on the bandwagon as 
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soon as possible to cut the price of insulin.  As long as these insulins will work with each 

individual, they will be welcome but we must look at them with a skeptical viewpoint. 

 

 So there we stand with the new insulins.  For the moment there is nothing new on the 

horizon and we will continue with Lantus and Levemir for basal insulin and NovoLog, Humalog 

and Apidra for bolus insulin.  I would guess that Degludec will not be out for another two years 

since they will have to get through the FDA first.  This will be marketed by Novo and I am sure 

there will be a big push when it arrives.  For our patients, the advantage of giving it every two to 

three days is negligible.  I can see our patients wondering, "Did I give it yesterday or was it the 

day before?"  Fortunately it can be given daily and maintain a steady level.  We will all have to 

learn it's dosing quirks as we go along but it sounds like a promising insulin.  With the 

diminished likelihood of nighttime hypoglycemia, it seems like a good addition to our 

armamentarium.   

 

Blood Glucose Monitors 

 
 It is kind of interesting that so much time is spent at the scientific meetings on continuous 
glucose monitoring when we all rely entirely on self-blood glucose monitoring right now.  Far 
more presentations were made on CGMS than were made on SBGM.  Although continuous 
monitoring is the wave of the future, blood glucose monitoring right now is the present.  There 
were no sessions devoted to monitoring but there were several abstracts and oral presentations 
that I thought were worthy of mention.  First was a study from Winnipeg, Canada looking at the 
association of frequency of self-monitoring and the hemoglobin A1c in a clinical practice.  For 
people with Type I diabetes, the average hemoglobin A1c was 8.65% when they had fewer than 
two checks per day, 8.58% for two to three checks per day and 8.22% for more than three checks 
per day.  The conclusion is somewhat obvious.  The more testing that you do, the better results 
and the better control.  A larger study from Seattle included 556 participants with Type I 
diabetes.  The mean age was 11.9 years so this was a pediatric study.  The results are on the 
following graph and chart. 
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The conclusion was "a strong association was present between SMBG and hemoglobin A1c with 

increasing daily SMBG being associated with lower hemoglobin A1c for both the glucose 

monitoring downloads and self-reported numbers.  I think our numbers are slightly better than 

those presented but the trend is obvious.  You see, there is a reason that I ask for more testing.  

Once again I feel vindicated.  Moving away from my pulpit, a group from Milpitas, California 

reported on the One Touch Verio Pro system which "features a novel electro chemical test strip 

and measurement algorithm designed to minimize the effects of common interfering substances 

and provide highly accurate plasma glucose values for patients with diabetes".  They found that 

99.6% of the test results were within the ISO accuracy limits.  When we look at error grid 

analysis, 99.6% were in zone A and one test was in zone B.  They concluded "the new system 

demonstrated a high level of clinical accuracy and surpassed the standard ISO criteria as well as 

the tighter product accuracy specification".  Isn't it ironic that as we are slowly moving away 

from blood glucose monitoring to interstitial continuous monitoring, the accuracy of the blood 

tests continues to improve.  These results are very impressive.  The same group presented a 

poster on the Verio test strips in the hypoglycemic (less than 70 mg/dL) level.  There were 366 

blood glucose results in the range of 32 to 69 mg/dL.  In this less than 70 mg/dL range, all of the 

test results were within 15 mg/dL of the reference laboratory and 99.5% were within 10 mg/dL 

of the reference values.  In the less than 60 mg/dL results, 100% of the meter results were within 

15 mg/dL of the lab and 100% were within 10 mg/dL of the reference lab.  They concluded that 

this new monitoring technology was capable of providing highly accurate results in the 

hypoglycemic glucose levels.  Another group from Indiana looked at the Contour Link blood 

glucose monitoring system which wirelessly transmits blood glucose test results to the MiniMed 

Paradigm pump and the Guardian REAL-Time continuous glucose monitoring system.  Thus it 

can be used effortlessly in calibration for continuous monitoring.  It has been cleared for use 

outside the United States but is not available in the States.  They found that 98.5% of 400 

readings were within 15 mg/dL of the reference lab.  They concluded that the Contour Link 

exceeds ISO accuracy standards and can be used very safely in the continuous monitoring 

program.  That pretty well summarizes the studies on standard blood glucose monitoring. 

 

 There were some interesting studies on newer approaches to measuring glucose levels.  A 

group from Zurich, Switzerland studied the Multisensor which measures skin impedance and 

optical skin characteristics in several frequency bands of the electromagnetic spectrum.  They did 

32 different studies in four patients over sixteen days.  Their results are shown on the following 

graph. 

 


