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TT
he DCCT study  (1) has shown that maintaining euglycaemia is paramount

for patients with type 1  diabetes and both multiple daily insulin injections

(MDI) and continuous subcutaneous insulin infusion (CSII) have been con-

sidered for some time as the reference for the treatment of type 1 diabetes. 

Subsequently, several reviews and meta-analyses comparing CSII with multiple

daily injections of regular insulin and NPH, found that CSII gives a better gly-

caemic control without an increased risk of ketoacidosis or severe hypoglycaemia

(2, 3, 4). Recently, however, the field of diabetes treatment has been hit by the

arrival of short-acting insulin analogs which provide a narrower insulin peak in

response to meals, and long acting analogues which have a longer duration and a

flatter action profile than NPH insulin and cover better the between-meal periods.

Since these analogs have really improved the treatment of diabetes, it may be felt

that the superiority of CSII over MDI may have been tarnished. 

In an effort to clarify this issue, we compare here the effects of CSII and MDI (both

based on the use of insulin analogs) on metabolic control and quality of life and,

when the evidence is clear cut, try to make recommendations on how to choose

between these modes of insulin administration.

Glycated hemoglobin

In 1993, the Diabetes Control and Complications Trial proved definitely that, in

terms of reducing HbA1c in patients with type 1 diabetes,  CSII is better than MDI

(1). A panoply of subsequent investigations confirmed those findings. For example,
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a meta-analysis based on the results of

12 randomized studies found that, with

respect to MDI, CSII decreases blood

glucose levels by 1 mmol/l (average),

HbA1c by 0.5% and the daily insulin

dose by 14% (2). A further meta-analy-

sis based on the results of  52 studies

with parallel or sequential design,

involving  pediatric patients, adults or

mixed populations, found lower

HbA1c levels during CSII, the effect

being greater among patients wearing

the pump for at least one year (3). In

most of these studies patients used reg-

ular insulin rather than fast-acting

analogs.

Fast acting analogs have improved the

metabolic control of diabetes both dur-

ing CSII and during MDI (5), but have

not changed the balance between CSII

and MDI, because the comparison of

CSII with fast-analogs versus MDI

with fast-analog and NPH has reaf-

firmed the superiority of CSII  both

considering post prandial blood glu-

cose and HbA1c levels, especially

among patients with poor glycaemic

control (6). As a consequence, even

after the arrival of fast analogs, CSII

has continued to be indicated for

patients in poor metabolic control

under MDI. 

Long-acting analogues glargine or

detemir were expected to improve the

efficacy of MDI in terms of metabolic

control. Indeed, patients tending to

present nocturnal hypoglycemia and

fasting hyperglycemia during MDI

with isophane do better when they are

switched to MDI with glargine or

detemir. However, contrary to expecta-

tions, several randomized studies com-

paring isophane-based MDI with MDI

with long acting analogs found no dif-

ference in HbA1c (7, 8). 

In agreement with these findings, a

recent study on type 1 diabetic patients

prone to hypoglycemia, found that the

change from isophane-based MDI to

glargine-based MDI did not change the

serum levels of HbA1c, while HbA1c

decreased steeply when patients were

switched to CSII (9). It should be

noted however, that head to head com-

parisons of MDI based on short and

long acting analogs with CSII have

given controversial results as far as

HbA1c is concerned. In fact, Doyle et

al.  (10) found significantly lower lev-

els of HbA1c during CSII, while

Wilson et al, (11), studying a group of

pediatric patients found no difference.

Fahlén et al, in a retrospective study,

found that both regimens improved

metabolic control, but CSII resulted in

significantly greater reduction in

HbA1c than MDI with glargine, par-

ticularly among patients with higher

levels of HbA1c at baseline.

Ourselves, comparing CSII and

glargine-based MDI in a group of adult

patients in good metabolic control,
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Authors Reference Type of study HbA1c Severe

Hypoglycemia

Blood 

glucose 

variability

Insulin 

requirement

Lepore G et al
Diabetes  Nutr

Metab 17:84-89,

2004

Open, parallel Not different Not different Smaller 

during CSII 

Smaller during CSII

Harmel AP et al Diabetes Care 27:

272-273, 2004

Retrospective Not different Not different NA NA

Garg SK Diabetes Technol

Ther 6:9-15, 2004

Retrospective Not different Not different NA Smaller during CSII

Falhen M et al Diabet Med

22:382-386, 2005

Retrospective Lower during CSII NA NA Smaller during CSII

Hirsch IB et al Diabetes 53 (sup.

2), A107, 455-P,

2004

Prospective, ran-

domized,  open,

crossover

Lower during CSII Not different Smaller 

during CSII 

Not different

Bolli G et al
Diabetes 53 (sup.

2), A107, 455-P,

2004

Prospective, open ,

parallel

Not different Not different Not different Not different

Alemzadeh R et al Pediatrics 114:

e91-5, 2004

Prospective, open,

parallel

Lower during CSII Not different NA Not different

Doyle (Boland) EA

et al

Diabetes Care

27:1554-1558,

2004

Prospective, open,

randomized

Lower during CSII Not different Smaller 

during CSII 

Smaller during CSII

Schiaffini R et al
Diabetes Metab

Res Rev 21:347-

52, 2005

Retrospective Lower during CSII Not different NA Smaller during CSII

Bruttomesso D et

al

Diabet Med

25(3):326-32, 2008

Prospective, open

randomized

Not different Not different Smaller 

during CSII 

Smaller during CSII

table 1: Comparison between fast-analog-based CSII and MDI based on the use of fast- and long-acting insulin analogues. 



found no significant difference in

CSII, although blood glucose values

(overall, before lunch and before din-

ner) were lower during CSII (13). 

These discrepancies could be

explained by differences in study

design, population characteristics, glu-

cose targets or by the fact that some

studies were not  adequately powered

(Table 1). In agreement with Pickup

(8), we suggest that patients who fail

to reach target HbA1c with MDI based

on insulin analogs should be advised to

start CSII. 

Glucose variability

Glucose variability relates to the mag-

nitude and number of blood glucose

swings with respect to average blood

glucose levels. Although glucose vari-

ability is a straightforward  concept,

measuring it has proved difficult.

Several methods are at hand: the stan-

dard deviation, the M value of

Schlichtrull, the MAGE, the Lability

Index and the recently introduced

ADRR (12). Strengths and weaknesses

of each of these methods are just start-

ing to be explored.

Accumulating evidence indicates that

MDI with long acting insulin ana-

logues  detemir and glargine is associ-

ated with lower glucose variability

than MDI with insulin NPH (7). Thus,

since insulin analogues have indis-

putably improved the efficacy of MDI,

several authors have compared rapid-

analog-based CSII with MDI based on

rapid analogues and glargine.

Theoretically, CSII should control glu-

cose variability better than MDI,

because the pump allows to adjust,

moment by moment, the basal rate of

insulin administration and because the

continuous delivery of small  amounts

of insulin should minimize glucose

oscillations. Thus far, all studies (14),

except one, (15) found that CSII gives

lower glucose variability, irrespective

of patient age. The superiority of CSII

is also present in patients in good

metabolic control, as shown recently

by us (12). In a crossover randomized

study, we compared the effects of CSII

and MDI with glargine on glucose

variability. The study population was

made by 38 patients in good control

with CSII.  Glucose variability  was

measured using  glucose standard

deviation, MAGE, Lability Index,

ADRR and continuous glucose moni-

toring. The glucose variability was

lower during CSII according to all

methods used except the ADRR. Thus,

most existing studies indicate that dur-

ing CSII glucose variability is lower

than during MDI, even when the

newer insulin analogs are used. It

remains to be proved, however, if the

favourable effects of CSII on glucose

variability translate into a decrease of

diabetic  complications. 

Blood glucose variability is presently

considered only by some an indication

for pump treatment (2). We feel that

improving glucose variability should

definitely become an indication for

CSII. 

Hypoglycemia 

There is strong evidence that CSII is

associated with fewer episodes of

severe hypoglycemia than non-analog-

based MDI. This evidence, which has

been accumulating from the eighties

(8) emanates from studies concerning

pediatric, adolescent and adult

patients. For example, in a survey with

cross-over design involving 55 adult

type 1 diabetic patients, Bode et al.

found that during the first years of

CSII-therapy the incidence of hypo-

glycemia was 6 times smaller than dur-

ing MDI (16). We too, studying a pop-

ulation of adult patients with type 1

diabetes in the Veneto region of Italy’s

north east, found that the incidence of

severe hypoglycemia decreased by

75% during CSII (17). Boland et al,

following 25 adolescents with type 1

diabetes, found that during CSII the

rate of hypoglycemia was reduced by

nearly 50% with respect to MDI (18).

Things have not changed with the

arrival of rapid acting analogs. In fact,

Hoogma et al found that the incidence

of severe hypoglycemia during lispro-

based CSII was lower than during

MDI with lispro and NPH (19). Thus,

severe hypoglycemia during MDI

remains a major indication for starting

CSII (20).

Considering that long acting analogs

give a circulating insulin profile flatter

than that given by NPH, it was expect-

ed that long acting analogs would have

decreased the incidence of hypo-

glycemia. In fact, reductions in hypo-

glycaemia, particularly nocturnal

hypoglycaemia, were found in most of

the studies comparing MDI with

glargine or detemir versus  MDI with

NPH  both in adult and in pediatric

patients (7), but the majority of those

studies did not detect any difference in

the incidence of severe hypogly-

caemia.

Thus far, most studies comparing

short-analog-based CSII with MDI

based on short and long acting analogs

in general diabetics type 1, have found

no difference in the rate of severe

hypoglycaemic events (13,14).

Recently, however, Pickup et al have

shown that in patients prone to hypo-

glycemia under MDI based on quick

and long acting analogues, the inci-

dence of hypoglycaemic episodes

decreases if they are switched to CSII

(9).
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It can be concluded that severe hypo-

glycemia during MDI still remains a

major indication for starting CSII (20).

It is clear, however, that patients with

nocturnal, non severe hypoglycemia

deserve a trial with analog-based MDI

before switching to CSII.

Dawn phenomenon

Before the advent of long acting

insulin analogues, several studies

showed that CSII was superior to MDI

in preventing the dawn phenomenon

(21). Now, this tenet cannot be consid-

ered so strictly true, since it has been

found that insulin detemir and glargine

offer improved overnight control and

better morning glucose levels than

NPH insulin both in adult and pediatric

population of patients (7). A reason-

able conclusion is that the dawn phe-

nomenon is becoming a less strong

indication for CSII.

Quality of life

The impact of CSII on the quality of

life remains poorly defined, because

existing studies report ambiguous and

conflicting results and are frequently

fraugth with methodological problems.

For example, a meta analysis showed

that among studies with a randomized

and controlled design, one gave mixed

results, one reported improvement and

three reported no change (22).

Very recently, however, Hoogma, et al.

found that CSII with lispro is associat-

ed with a better quality of life than

MDI based on lispro and NPH (19).

Furthermore, during CSII patients

experienced a greater flexibility with

regard to eating habits and lifestyle

and declared better sleep patterns (19). 

These results have been confirmed by

an observational study involving 1341

Italian patients with type 1 diabetes

(481 treated with CSII, 860 treated

with MDI with glargine and 26 treated

with MDI based on NPH) (23).

We conclude that CSII affects posi-

tively the quality of life. This fact

should be kept in mind when the high

costs of CSII are considered. 

Pregnancy

Randomized control trials performed

in the 1980s and early 1990s did not

find any significant difference in  preg-

nancy outcome and glycemic control

between CSII and MDI (4, 24). Recent

retrospective studies have pointed to

the same results (25-29).

Besides this, CSII appears to be supe-

rior to MDI during pregnancy because

it allows for an easier control of morn-

ing nausea, decreases the number of

hypoglycemic episodes, decreases

blood glucose variability, alleviates the

dawn phenomenon and makes easier

to control blood glucose  around deliv-

ery (Gabbe 2000).

Since long-acting analogs are not

approved for use during pregnancy,

pre-conception intensive insulin thera-

py with CSII should be offered when

optimal control cannot be achieved

with MDI based on the use of NPH.  It

is clear, however, that ability to use the

pump, motivation and psychological

stability are essential conditions for

the safe and effective use of CSII dur-

ing pregnancy.

Conclusions 

Insulin analogs have improved the

treatment of diabetes, eroding some-

how some of the positions previously

held by CSII. However, CSII still

remains the best therapeutic option for

patients prone to severe hypogly-

caemia and for those with high HbA1c

values or marked glucose variability

during MDI based on insulin analogs.

Furthermore, CSII has a better impact

than MDI on  the quality of life.

(references upon request)
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TT
o date, some glucose monitoring

systems (GMS) are available, oth-

ers are already in the approval

process, and more are in later stages of

their clinical development. Several clini-

cal-experimental and clinical studies eval-

uating these GMS were performed and

published in the last years giving diabetol-

ogists (and patients with diabetes) the

opportunity to gain further insight into the

performance of these GMS (1-3). Clearly

one of the aims of the interested diabetol-

ogist who is reading such publications is

to learn about the advantages and disad-

vantages of the different GMS. He also

would like to know if the performance of

the different GMS is comparable or not

(4,5). Such a comparison (at least to a

given extent) is possible with different

blood glucose meters. However, the differ-

ences in the design of the published stud-

ies with GMS are so pronounced and the

extent to which the details of the respec-

tive studies are presented in the publica-

tions differ so much, that it is almost

impossible to compare the results

obtained! 

In order to facilitate such an approach and

guarantee a certain quality of the clinical

development of GMS in the following,

some considerations are given and a stan-

dardized staged approach for the clinical

development of GMS is proposed. 

Gms are not blood glucose meters!

In contrast to blood glucose meters, which

are measuring glucose values in capillary

blood samples by means of a specific

enzymatic reaction, GMS estimates glu-

cose levels in different compartments

(interstitial fluid (ISF) of dermal or subcu-

taneous origin, blood, composite “skin”

signal in case of non-invasive glucose sen-

sors) using very different technological

approaches. In addition, different calibra-

tion procedures are recommended.

Therefore, a number of technical and

physiological factors can be the reason(s)

for differences in the results obtained with

different GMS. A consequence of this can

be that comparative statements about the

performance of GMS are (and will be?)

problematic. Nevertheless, what counts at

the very end is that systemic glucose

changes of patients with diabetes are

tracked over time with a certain amount of

reliability, independent from the technolo-

gy employed and site of sensor applica-

tion.

The degree of reliability that is required

from GMS can vary considerably, depend-

ing on many factors, for example costs. If

a given system is aimed as a low-cost sys-

tem with a subsequent moderate measure-

ment performance, it should be of no sur-

prise if the results of a head-to-head com-

parison reveal a worse performance in

comparison to an expensive high end sys-

tem, as it is also the case with different

blood glucose meters! The question then

is, what is the minimal quality level that

we regard as acceptable from a safety

standpoint or what kind of system we

would like to have for which purpose?

What is the target? 

(How is the long way to the automated

pancreas?)

In principle, GMS can be applied to

patients with diabetes for different purpos-

es:

• occasional use to learn about specific

problems or during special situations;

• long-term use for daily life therapeutic

decisions;

• fully or semi-fully automated control of

blood glucose.

Therefore different types of GMS are in

use or under development:

• professional systems: retrospective glu-

cose monitoring (requires SMBG for ther-

apy;

• professional system: online glucose

monitoring but no display, only hypo- and

hyperglycemia warning (requires SMBG

for therapy);

• professional system: online glucose

monitoring and hypo- and hyperglycemia

warning;

• patient system: online glucose monitor-

ing but no display, only hypo- and hyper-

glycemia warning (requires SMBG for

therapy);

• patient system: online glucose display

and hypo- and hyperglycemia warning;

• open Loop or Closed Loop Automated

Pancreas.

Clearly, in the end everybody would like

to have an automated pancreas. However,

there are a number of steps between the

professional system (that means that the

system is run by a health-care profession-

al) with retrospective glucose monitoring

to systems, which are handled by the

patients themselves (with an online glu-

cose display), towards a system which

takes control not only of the glucose mon-

itoring, but also of the insulin application.

With each step, the analytical and techni-

cal requirements are increasing, that

means, the reliability of a system used for

retrospective monitoring only can be by

far less in comparison to a system that is

aimed to be used for an automated pan-

creas. Simply speaking, an erroneous

measurement in the first case has no con-

sequences, whereas the consequences in

the other case can be lethal! 

A major step in between is the online dis-

play. That means, in the moment when

glucose values are shown on the display;

one can assume that patients with diabetes

will tend to take these values for granted,

like they regard vales presented by their

blood glucose meter as being correct to the

last digit. Even if you tell your patients

hundreds of times, not to use the values

displayed by their GMS to vary your

insulin therapy, it is not approved for this

purpose by the regulatory agencies; they

will do so anyway ! 

Viewpoint of patients and physicians

Patients with diabetes (and their treating

physician) are not interested in the techno-

logical details of the given GMS, this is

something for experts. The patients want a
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system which is easy to use, discreet, and

requires no finger pricking for calibration.

They want to believe the results provided

(actionable results) and use them without

any hesitation for their therapeutic deci-

sions. 

So, the patients build the bridge between

the glucose values provided (diagnostic

world) and the insulin dose they adminis-

ter in a given situation (therapeutic world)

over and over again. In contrast, it appears

sometimes as if the people in the compa-

nies developing diagnostic or therapeutic

tools should talk more often with each

other! It appears as if they focus on their

own piece of development, without seeing

the whole story. The aim is that all thera-

peutic decisions made sufficient use of the

wealth of additional information novel

diagnostic developments like the GMS

provide. In other words, the targets for the

technological development of a given

GMS should be intensively discussed by

both: the patients/diabetologists as the

user group together with the responsible

scientists in the GMS-developing compa-

nies. An interaction between patients,

physicians and scientists should also help

to precisely define the quality of perform-

ance and other requirements that these

modern diagnostics tools should fulfill

(“set the stage”). Most probably, these will

be different for different patient groups.

Once it is proven that these requirements

are fulfilled from the more analytical/tech-

nological point of view, in reply, the dia-

betologists should carefully evaluate

which of the (novel) capabilities of the

given GMS is useful and practical for ther-

apy of patients with diabetes in daily life.

The invention of GMS should allow to

develop and to implement optimized treat-

ment strategies. These should allow

achieving a better long-term metabolic

control without running the risk of acute

metabolic deteriorations. Trend analysis

can be an important tool to avoid especial-

ly low blood glucose values. In other

words, a more aggressive treatment is fea-

sible due to the fact that the risk of hypo-

glycemic events is practically eliminated.

Involvement of the scientific colleagues

from the companies providing the thera-

peutic tools or probably developing new

ones in this communication process would

also be very helpful, as they then gain a

better understanding of what the proper-

ties of optimal tools for the treatment

should be.

What is the optimal clinical 

development strategy?

What we currently see is that the diagnos-

tics and therapeutic world in the treatment

of patients with diabetes are approaching

each other (Figure 1). In view of the very

high formal requirements, each new

insulin analogue or oral antidiabetic agent

for diabetes treatment have to fulfill in

terms of safety and efficacy in order to get

approval by the authorities, the same

should hold true for diagnostic tools.

However, at least in Europe it is relatively

easy to get a CE-mark, which allows to

bring a given GMS to the market (6). The

formal requirements for a market approval

by the FDA appear to be much higher;

however, to my understanding also the

FDA follows no clear strategy in the

approval process.

GMS can be developed for different pur-

poses, therefore, before the clinical devel-

opment starts, clear specifications and tar-

gets should be defined in order to be able

to critically review throughout the devel-

opment program in regular intervals if

such requirements are fulfilled or not

(“achievement of mile stones”). If we

agree in the assumption that new diagnos-

tic techniques should fulfill comparable

quality standards as therapeutic agents, a

standardized and step-wise clinical devel-

opment program that allow a careful, crit-

ical and thorough evaluation of each GMS

before it comes to the market is the logical

consequence. This is the rational for the

following proposal for the clinical devel-

opment process of any new GMS.

Clinical-experimental studies (step 1)

A disadvantage of GMS is that their per-

formance can only be investigated in in-

vitro or animal studies to a given extent (if

at all!). The differences in the skin proper-

ties, amount of subcutaneous fatty tissue,

physiological differences and many other

factors related to diabetes and to daily

interventions in daily life hamper the use

of animal studies to such an extent, that

only studies in humans make sense. This,

in turn, means that once a certain level of

development is achieved, clinical-experi-

mental studies with human beings have to

be started. The stage of development of a

given GMS used in such early clinical-

experimental studies might be relatively

low, quite often it is not clear if glucose

changes can be monitored by the technol-

ogy applied at all! 

The systems/devices used in such studies

are often quite bulky and cumbersome to

use, however, this is not an issue, as it is

not the clinical usefulness which is studied

in such more basic studies. Also, the num-

ber of subjects participating in such stud-

ies can be small. However, the number

should not be  too small (<10 subjects) in

order to avoid over- or misinterpretation

of negative results. In this early develop-

ment stage, the results obtained are rou-

tinely used to optimize the performance of

the glucose sensor per se and also that of

the attached GMS. In other words, during

this early step in the development process,

a lot of improvements are introduced in

each new system (but see below). Each

change made requires that the perform-

ance of the GMS is checked again in a

subsequent clinical-experimental study in

order to clarify if the change(s) has led to

an improvement in the performance of the

system or not. 

How can the performance of a given GMS

be studied reproducibly under standard-

ized conditions in clinical-experimental

studies? Only if such a reproducibility can

be established it is possible to judge if a

given change of the GMS led to an

improvement or not. 

In glucose clamps studies, the blood glu-

cose levels of healthy subjects or patients

with diabetes can be kept constant at cer-

tain glucose levels for prolonged periods

of time. Changes in glycemia can be

induced very rapidly. This offers the fol-

lowing possibilities:

1. Rapid increases or decreases in blood

glucose. If blood glucose is increased

(decreased) by means of an intravenous

glucose (insulin infusion) towards a new

level, the time course of the changes in the

glucose sensor signal can be evaluated.

Depending on a number of factors, the

response time of the sensor/GMS can dif-

fer from the change in blood glucose con-

siderably. The reasons for this lag time can

be physiological phenomenons and/or

physical factors. As a matter of fact, it is

not easy to differentiate between these rea-

sons; however, such an artificially rapid

change allows estimating the maximal

effect both sources for lag time have.

2. Due to the fact that certain blood glu-

cose level are established during the clamp

(glucose levels are confirmed by laborato-

ry measurements), statements about the

quality of the glucose measurements of the

GMS can be made. In other words, if the

sensor signal is calibrated (after a given

run-in period) appropriately, the glucose

reading of the GMS should be identical to

the (venous) blood glucose values which

are kept constant during the clamp. The

continuous recording of the blood glucose

concentrations, as it is possible when a

Biostator is used to perform automated

glucose clamps, can subsequently be com-

pared with the (semi)continuous glucose
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reading of the GMS. This allows making

quantitative statements about the accuracy

and precision of the glucose measurement.

3. If blood glucose is clamped at 100

mg/dl for 60 min, followed at 250 mg/dl

for 60 min thereafter, followed again by a

period with 100 mg/dl and so on during a

single experiment, this provide informa-

tion about the reproducibility of the glu-

cose measurement.

4. In such experiments, blood glucose

could also be lowered to hypoglycemic

blood glucose levels in a controlled and

safe manner. The reproducibility of meas-

urements at low glucose levels is not pos-

sible without a glucose clamp, i.e., no such

statements about the performance of glu-

cose measurements at such levels can be

made from other studies. 

If such clinical-experimental studies are

successful, i.e. changes in blood glucose

induce meaningful changes in the glucose

sensor signal, the subsequent question is,

is this signal robust enough to provide a

reliable glucose monitoring in daily life of

patients with diabetes? 

At first, a study should be performed with

more realistically induced changes in

blood glucose; that means by application

on an oral glucose tolerance test or test

meals. In order to induce a significant

increase in blood glucose, such studies

should not be performed with healthy sub-

jects but with patients with type 1 dia-

betes. Successful performance of such

studies would suggest that the given GMS

allow a reliable tracking of glucose

changes under daily life conditions.

Another important topic that should be

studied in clinical-experimental studies is

the question of the impact of interfering

substances on the signal, of body move-

ments/exercise and other environmental

conditions like temperature etc. It might

very well be that during such studies fac-

tors are encountered that represent obsta-

cles for the development in general or at

least require certain redesign of the sys-

tem.

In summary, if a given system showed a

sufficient performance in all such clinical-

experimental studies would, that means it

fulfills all predefined requirements and

therefore is ready to be used in clinical

studies, the next step in the clinical devel-

opment. In addition, such studies would

provide the information which is neces-

sary to run clinical trials, i.e., the diabetol-

ogist can give clear recommendations to

the individual patient about the optimal

handling of the GMS in the framework of

a clinical study. 

speed of technological development

The technological development of a given

GMS continue while it is in the clinical-

experimental phase/Step 1. It is not only

the glucose sensor itself; it is also the com-

puter technology and other technological

parts implemented in the GMS that are

under continuous development. The con-

sequence is that improved versions of a

given GMS, improved in a number of dif-

ferent aspects, might become available

before all the clinical-experimental studies

have been performed. This process runs in

parallel with the incoming information

from the clinical-experimental studies,

which in turn provide a lot of suggestions

for the improvement of the GMS. In prin-

ciple, this can result in the situation that

this process never comes to an end and

that the process never proceeded to the

next steps in the clinical development.

However, if clear mile stones (together

with time lines) were defined prior to the

start of Step 1, it should be possible to end

this process once a given level of develop-

ment was achieved.

Another issue is, should improvements

that become available during the next

steps of the clinical development be

implemented or not? I see two possibilities

to handle this issue: 

A.  During the duration of the next steps in

the clinical development program, the

given system is “frozen”. That means no

changes are allowed to be made to the sys-

tem. This is comparable to the develop-

ment of a new drug; here also no changes

are allowed to be made to the formula-

tion/galenics of the study drug once this is

in the clinical development. An advantage

of this approach is that the results obtained

in one study can be compared to that of

another study in the same development

program. However, a clear disadvantage is

that no improvement in the properties of

the given GMS due to the scientific and

technological progress can be implement-

ed. 

B. New versions of the GMS are used for

the different trials in the clinical develop-

ment process once they become available

and if this is feasible. The advantage is,

that (hopefully) always the “best” version

of the GMS in under investigation.

However, such a strategy hampers not

only comparability of the results of differ-

ent studies; the GMS used at the end of

these steps of the development program

might differ massively from that at the

beginning. This would require some kind

of “bridging” studies; that means studies

have to be performed in which the old and

new version of the given GMS are com-

pared in parallel in order to allow to make

use of the results obtained in previous

studies.

I personally prefer version A. That means

even if the system is not (always) at the

very top of the technological development

and possibilities, the progress made by

GMS, in general, is huge. In view of the

immense burden and risks that this disease

means for the patients, I regard it as more

important to bring a probably not optimal

system from the scientific point of view to

the market (there will always be space for

improvements), as long as this system is

fully developed, that means it has been

shown in appropriate studies that its use is

safe and efficient.
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Clinical studies/In-house studies

(step 2)

Primarily for safety reasons, the evalua-

tion under more clinical conditions should

start under the conditions of an in-house

setting. Usually, in in-house studies,

patients with diabetes wear the system, but

the experimental interventions are only

small. Patients are not confined to bed, are

allowed to consume food ad libitum (or

receive test meals) and maintain their

usual diabetes therapy. In addition to the

glucose measurements of the GMS, blood

glucose concentrations are closely moni-

tored 24 hours a day with laboratory

devices used by experienced technicians.

This procedure avoids any risk for the

patient by erroneous glucose measure-

ments of the GMS. Such more or less real-

life conditions also allow evaluating the

impact of different calibration procedures

on the reliability of the measurements. 

In addition, the performance of the system

when handled by the patients can be stud-

ied. A lot can be learned about the practi-

cability of a system when there is an

immediate interaction between the

patients and study personal. A reliable per-

formance under an in-house setting is a

prerequisite before the system is to be test-

ed in an out-patient setting.

Clinical studies/out-patient setting

(step 3)

In-house studies clearly do not represent

all aspects that can occur under daily life

conditions. Therefore, if the system

showed a sufficient performance in the in-

house studies, in the next level of studies,

a larger group of patients should use the

system on their own at home, making

long-term use of the GMS. The first group

of patients participating in such

study/studies should probably be relative-

ly small (e.g. 10 subjects), in order to be

able to communicate with them intensive-

ly and to learn which specific issue were

encountered. 

In the next step of the clinical develop-

ment, small groups of patients covering

the whole range of patients should be stud-

ied, mainly to evaluate safety aspects. For

example, with certain GMS it might be

important to investigate patients with

overt diabetic nephropathy or patients

which are heavy smokers. 

The endpoints to be investigated in such

studies are most probably surrogate end-

points, for example glycated hemoglobin

or hypoglycemic events. Such endpoints

would show if the use of the system led to

an improvement or not. If the proposed

standardized clinical development proce-

dure is used with all GMS, it should be

possible to compare the results obtained in

such studies with different GMS.

Nevertheless, ideally a head-to-head com-

parison of different systems should be per-

formed as confounders and between-stud-

ies variation can never be ruled out com-

pletely (see below). 

If the system shows a reliable performance

in all such studies, one can assume that its

use is safe and that it helps patients with

diabetes to optimize their metabolic con-

trol. A clear definition should be given

prior to study begin which is meant by a

reliable performance! Due to the fact that

this mile-stone is also achieved, such a

system should get market approval and

thereby become available for all patients

with diabetes. However, it might be that

certain limitations were encountered dur-

ing this development process that limit the

general use of the GMS or require gaining

more experience before the system is used

for all purpose/patient groups.
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