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Holter	glicemico:	caratteristiche	tecniche	
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•  Fornisce	 i	 valori	 glicemici	 istantanei	 e	 quelli	 retrospettivi	 per	

un	 certo	 periodo	 di	 tempo	 (a	 patto	 che	 venga	 effettuato	 un	
certo	 numero	 di	 scansioni	 giornaliere	 e	 per	 un	 periodo	 di	
tempo	massimo,	“definito”,	di	assenza	di	esse).	

		
•  Prevede	 l’impiego	di	due	devices:	un	sensore	e	un	 lettore.	 Il	

passaggio	del	 lettore	fornisce	il	dato	glicemico	istantaneo	e	il	
trend	delle	8	ore	precedenti.	

•  Non	 necessita	 di	 calibrazione	 e	 ha	 un	 costo	 contenuto	 ma	
manca	 di	 allarmi	 (sia	 per	 le	 ipoglicemie	 che	 per	 le	
iperglicemie).	 Si	 è	 dimostrato	 in	 grado	 di	 ridurre	 il	 tempo	
passato	in	ipoglicemia	(<	70	mg/dl)	ma	non	la	Hba1c.	

Intermittently-viewed		
Continuous	Glucose	Monitoring	(iCGM)	
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•  Fornisce	dati	in	tempo	reale	per	quanto	concerne	i	valori	di	glucosio,	
il	 trend	 grafico	 e	 le	 direzione/velocità	 di	 cambiamento	 della	
glicemia.	

•  Consente	 di	 avvertire	 il	 paziente	 circa	 l’insorgenza	 di	 una	
ipoglicemia	 o	 iperglicemia	 mediante	 allarmi	 e	 fornire	 anche	
informazioni	sul	comportamento	terapeutico.	

	

Real-time	Continuous	Glucose	Monitoring		
(rtCGM)	
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Holter	glicemico:	caratteristiche	tecniche	

•  Accuratezza,	precisione	e	affidabilità	

•  L’analisi	dei	dati	
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Holter	glicemico:	caratteristiche	tecniche	

ORIGINAL ARTICLE

Assessing Sensor Accuracy for Non-Adjunct
Use of Continuous Glucose Monitoring

Boris P. Kovatchev, PhD,1 Stephen D. Patek, PhD,2 Edward Andrew Ortiz, MD,1

and Marc D. Breton, PhD1

Abstract

Background: The level of continuous glucose monitoring (CGM) accuracy needed for insulin dosing using
sensor values (i.e., the level of accuracy permitting non-adjunct CGM use) is a topic of ongoing debate.
Assessment of this level in clinical experiments is virtually impossible because the magnitude of CGM errors
cannot be manipulated and related prospectively to clinical outcomes.
Materials and Methods: A combination of archival data (parallel CGM, insulin pump, self-monitoring of
blood glucose [SMBG] records, and meals for 56 pump users with type 1 diabetes) and in silico experi-
ments was used to ‘‘replay’’ real-life treatment scenarios and relate sensor error to glycemic outcomes.
Nominal blood glucose (BG) traces were extracted using a mathematical model, yielding 2,082 BG seg-
ments each initiated by insulin bolus and confirmed by SMBG. These segments were replayed at seven
sensor accuracy levels (mean absolute relative differences [MARDs] of 3–22%) testing six scenarios:
insulin dosing using sensor values, threshold, and predictive alarms, each without or with considering CGM
trend arrows.
Results: In all six scenarios, the occurrence of hypoglycemia (frequency of BG levels £ 50 mg/dL and BG
levels £ 39 mg/dL) increased with sensor error, displaying an abrupt slope change at MARD = 10%. Similarly,
hyperglycemia (frequency of BG levels ‡250 mg/dL and BG levels ‡400 mg/dL) increased and displayed an
abrupt slope change at MARD = 10%. When added to insulin dosing decisions, information from CGM trend
arrows, threshold, and predictive alarms resulted in improvement in average glycemia by 1.86, 8.17, and
8.88 mg/dL, respectively.
Conclusions: Using CGM for insulin dosing decisions is feasible below a certain level of sensor error, esti-
mated in silico at MARD = 10%. In our experiments, further accuracy improvement did not contribute sub-
stantively to better glycemic outcomes.

Introduction

Continuous glucose monitoring (CGM) is a powerful
tool assisting the optimization of glycemic control in

diabetes. Since the advent of CGM technology,1–3 significant
progress has been made toward versatile and reliable devices
that not only approximate the course of blood glucose (BG)
fluctuations day and night, but also provide feedback such as
alarms when preset low or high thresholds are reached.
Several studies have documented the benefits of CGM4–7 and
charted guidelines for its clinical use8,9 and for its future as a
base for closed-loop control.10,11

Physiology and CGM errors

It is important to note that subcutaneous CGM devices
measure glucose concentration in a compartment different
than blood—the interstitium—and then deduce BG concen-
tration from interstitial glucose (IG) readings. Presumably,
IG fluctuations are related to BG via a diffusion process,
which results in a well-defined codependence allowing BG
changes to be deduced from IG dynamics.12–14 To account
for the gradient between BG and IG, CGM glucose is cali-
brated using capillary glucose measurements to match CGM
glucose and BG levels.

1University of Virginia Center for Diabetes Technology, Charlottesville, Virginia.
2Department of Systems and Information Engineering, University of Virginia, Charlottesville, Virginia.
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Sensor error characteristics

Last, but not least, the distribution of CGM errors used in
this study might be of additional interest. Figure 4 presents
the dependence between MARD and the frequency of large
sensor deviations (e.g., errors greater than 20% and errors
greater than 50%) (Fig. 4A) as well as the bias and the
quartiles of the CGM error distribution (Fig. 4B).

Discussion

Because CGM errors and deviations are inherent to the
physiology of CGM and unlikely to be completely eliminated,
an overarching question is to what extent CGM errors influ-
ence the quality of diabetes control? In other words, what
degree of accuracy would allow CGM to be the primary source
of information for diabetes treatment (i.e., a replacement for
SMBG). The goal of this study was to answer this question via
combination of real-time observation of patients with type 1
diabetes over a month and a series of computer simulation
experiments aiming to identify CGM accuracy levels in the
context of various diabetes treatment modalities. Although we
have done simulation experiments linking SMBG accuracy to

glycemic outcomes,58 to the best of our knowledge, a combi-
nation of in vivo and in silico experiments has not been at-
tempted before. Such a combination allowed real treatment
outcomes observed in the field to be ‘‘replayed’’ in computer
simulation with precisely manipulated CGM error—an ex-
periment that is evidently impossible in clinical studies.

To do so, we used our archival database containing ap-
proximately 3 patient-years of CGM and insulin pump data,
accompanied by SMBG readings and records of meals and
other treatment-related events. Using these data and a
mathematical model of the human metabolic system in dia-
betes, we reconstructed the nominal ‘‘true’’ glucose profile
for each person. Then we created a realistic in silico de-
scription of sensor errors, which recreated the temporal
structure of sensor deviations observed in vivo. This allowed
the nominal traces observed in the field to be ‘‘replayed’’ with
increasing error magnitude. We repeated this procedure with
a basic POC dosing of insulin using CGM values (e.g., a
direct replacement of SMBG by CGM) and with several other
treatment modalities that use the rich information available in
the CGM data stream (but inaccessible to SMBG): trend ar-
rows, threshold, and predictive alarms.

FIG. 1. Hypoglycemia outcomes from six treatment modalities plotted (A and C) against sensor mean absolute relative
difference (MARD) and (B and D) against the frequency of sensor errors exceeding 20%: (A and B) percentage of blood
glucose values below 50 mg/dL and (C and D) frequency of blood glucose readings £ 39 mg/dL within a 12-h time period.
POC, point-of-care treatment equivalent to direct dosing using a sensor value; Threshold, addition of threshold alarms to
prevent hypoglycemia; Predictive, addition of predictive alarms to prevent hypoglycemia. POC + Arrow, Threshold +
Arrow, and Predictive + Arrow are settings that use additional insulin reduction based on downward trend arrows displayed
by the sensor.

ACCURACY REQUIREMENTS FOR NON-ADJUNCT CGM USE 181
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Se calibrato nel periodo post-prandiale si  verifica un setup 
del sensore verso l’alto compromettendone l’accuratezza nel 
predire l’ipoglicemia. 

FIG. 2. Hyperglycemic outcomes from six treatment modalities plotted (A and C) against sensor mean absolute relative
difference (MARD) and (B and D) against the frequency of sensor errors exceeding 20%: (A and B) percentage of blood
glucose values above 250 mg/dL and (C and D) percentage of blood glucose readings above 400 mg/dL. POC, point-of-care
treatment equivalent to direct dosing using a sensor value; Threshold, addition of threshold alarms to prevent hypergly-
cemia; Predictive, addition of predictive alarms to prevent hyperglycemia. POC + Arrow, Threshold + Arrow, and Pre-
dictive + Arrow are settings that use additional insulin increase based on upward trend arrows displayed by the sensor.

FIG. 3. Average blood glucose (BG) levels resulting from six treatment modalities plotted against sensor mean absolute
relative difference (MARD): (A) point-of-care (POC) treatment equivalent to direct dosing using a sensor value; (B) the
effect of threshold alarms; and (C) the effect of predictive alarms. All treatment modalities were tested twice, without and
with additional insulin increase based on upward trend arrows displayed by the sensor.

182 KOVATCHEV ET AL.
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Holter	glicemico:	caratteristiche	tecniche	

•  POC	 (Point	 of	 Care)	 use	 of	 CGM:	 le	 decisioni	 terapeutiche	 riguardanti	 la	
terapia	 insulinica	 possono	 essere	 prese	 sulla	 base	 del	 valore	 glicemico	
rilevato	 usando	 parametri	 quali	 il	 conteggio	 dei	 carboidrati,	 il	 fattore	 di	
correzione	che	il	soggetto	con	diabete	utilizza	nella	sua	pratica	giornaliera.	

•  Threshold	alarms:	 le	procedure	di	 intervento	su	ipoglicemia	ed	iperglicemia	
vengono	 prese	 al	 raggiungimento	 di	 una	 soglia	 attraverso	 l’impiego	 di	
allarmi	per	l’utente	(<	70mg/dL	e	180	mg/dl	rispettivamente	ad	esempio).	

•  Predictive	alarms:	gli	allarmi	per	l’ipoglicemia		vengono	attivati	secondo	una	
previsione	lineare	del	sistema	CGM	di	 ipoglicemia	<	70	mg/dl	nei	successivi	
20’	e	di	iperglicemia	>	180	mg/dl	nei	successivi	30’.	
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					Requisiti	minimi	di	accuratezza	e	affidabilità	
	
	
	
	
1.  No	 internationally-accepted	 standard	 exists	 for	 CGM	 system	 performance	
comparable	 with	 the	 International	 Organization	 for	 Standardization	 (ISO)	
15197	 standard	 for	 SMBG	 devices,	 which	 specify	 design	 verification	
procedures	and	the	validation	of	performance	by	the	intended	users.		

2.  The	 ISO	 standard	 is	 applicable	 to	manufacturers	 of	 such	 systems	 and	 other	
organizations	 (e.g.	 regulatory	authorities	and	 conformity	assessment	bodies)	
having	the	responsibility	for	assessing	the	performance	of	these	systems.		
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	Requisiti minimi di accuratezza e affidabilità	
	
	
1.   ISO/IEEE	 FDIS	 11073-10425	 provides	 a	 normative	 definition	 of	 the	

communication	 between	 CGM	 devices	 and	 managers	 (e.g.,	 cell	 phones,	
personal	 computers,	 personal	 health	 appliances,	 and	 set	 top	 boxes)	 in	 a	
manner	that	enables	plug-and-play	interoperability.		

2.   The	performance	of	CGM	devices	measuring	interstitial	glucose	are	evaluated	
against	 blood	 glucose,	 quantifying	 the	 deviation	 and	 its	 clinical	 relevance,	
mostly	using	point	and	trend	accuracy	(defined	with	respect	to	the	reference	
blood	 glucose	 value).	 CGM	accuracy	 is	 dependent	 on	 SMBG	 test	 results	 for	
calibration.	Therefore,	it	is	important	to	have	an	accurate	glucometer.		
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	 •  LA	MARD	o	Mean	Absolute	Relative	Difference	 (MARD)	 è	 attualmente	 la	metrica	 più	
comunemente	impiegata	per	valutare	la	performance	dei	sistemi	CGM.	Rappresenta	la	
media	dell’errore	assoluto	tra	tutte	le	misurazioni	CGM	e	i	valori	glicemici	accoppiati	di	
riferimento.		

•  Una	bassa	percentuale	 indica	 che	 le	 letture	CGM	sono	 vicine	 ai	 valori	 di	 riferimento,	
mentre	 una	MARD	 in	 percentuale	 più	 alta	 segnala	 una	 discrepanza	 più	 ampia	 con	 i	
valori	di	riferimento.		

•  Da	 un	 punto	 di	 vista	 metodologico	 tuttavia	 la	 comparazione	 tra	 MARDs	 di	 sistemi	
diversi	negli	studi	clinici	non	è	corretta	e	soffre	di	diverse	limitazioni,	per	tale	ragione	la	
valutazione	della	performance	analitica	andrebbe	effettuata	impiegando	studi	“testa	a	
testa”	o	metriche	addizionali	quali	la	PARD	o	Precision	Absolute	Relative	Difference.	



Zone	B:	 values	 outside	 20%	
of	the	reference	sample	but	
w o u l d	 n o t	 l e a d	 t o	
inappropriate	treatment. 

Zone	 A:	 clinically	 accurate	
values	 within	 20%	 of	 the	
reference	sample	

Zone	C:	values	that	would	lead	
to	 overcorrection	 of	 glucose	
levels;	

Zone	 D:	 dangerous	 failure	
to	detect	and	treat	high	or	
low	glucose	
	

Zone	E:	values	that	could	
l e a d 	 t o 	 t r e a t m e n t	
contrad ic tory	 to	 that	
needed	
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Consensus	 error	 grid	 analysis,	 comparing	 the	 FreeStyle	 Libre	 sensor	 readings	 with	 capillary	
blood	glucose	reference	values	collected	using	the	FreeStyle	Precision	BG	meter	built	into	the	
FreeStyle	Libre	reader	





Variabili	che	contribuiscono	alle	differenze	di	concordanza	della	MARD	

Variabili intrinseche al sistema sottoposto a test 
 
Performance: 
 
1. Accuratezza	intrinseca	(quanto	i	dati	rilevati	siano	vicini	a	quelli	di	riferimento/standard	
2. Precisione	intrinseca	cioè	quanto	i	valori		rilevati	siano	vicino	tra	di	loro	
 
 
 
 
 
 
 
 
Calibrazione  



Variabili	che	contribuiscono	alle	differenze	di	concordanza	della	MARD	

Variabili intrinseche al sistema sottoposto a test 
 
Calibrazione: 
 
• Metodica	
• Tempo	
• Sistema	di	riferimento	per	la	calibrazione	
• Deriva		(drift)	tra	il	momento	di	calibrazione	e	il	tempo	di	confronto	delle	letture	
	



Variabili	che	contribuiscono	alle	differenze	di	concordanza	della	MARD	

Variabili dipendenti dal protocollo di studio 
 
Disegno: 
 
• Distribuzione	delle	concentrazioni	di	glucosio	studiate	
• Distribuzione	del	tasso	di	cambiamento	del	glucosio	
• Sistema	di	rilevazione	di	riferimento	(SMBG	o	Lab.)	
	
Statistica : 
	
• Numero	di	misurazioni	appaiate	
• Media	vs	mediana	
• MAD	vs	MARD	
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Consensus	 error	 grid	 analysis,	 comparing	 the	 FreeStyle	 Libre	 sensor	 readings	 with	 capillary	
blood	glucose	reference	values	collected	using	the	FreeStyle	Precision	BG	meter	built	into	the	
FreeStyle	Libre	reader	
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La	MARD	è	una	metrica	per	 l’accuratezza	media	 	ma	
non	 è	 funzione	 di	 una	 performance	 non-lineare	
nell’arco	 del	 range	 glicemico	 completo,	 né	 fornisce	
informazioni	sulla	precisione	del	sistema.	
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1.  MARD	è	una	misura	utile	della	accuratezza	dei	 sistemi	CGM,	manca,	 tuttavia,	di	

protocolli	universalmente	accettati	per	la	sua	valutazione.	

2.  MARD	 non	 può	 essere	 adoperata,	 da	 sola,	 come	 dichiarazione	 di	 accuratezza	
comparativa	delle	misurazioni	glicemiche.	

3.  Non	 esiste	 un	 valore	 specifico	 di	 soglia	 MARD	 che	 rappresenti	 il	 livello	 di	
accuratezza	richiesto	per	le	decisioni	sulla	terapia	insulinica.	

4.  L’accuratezza	 reale	 di	 qualunque	 sistema	 rtCGM	 o	 Flash	 glucose	 monitoring	
system	dipende	dallo	specifico	protocollo	impiegato	per	testarla.	

5.  È	necessario	sviluppare	sistemi	di	“reporting”	standardizzati	sulla	accuratezza	
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L’accuratezza dei sensori interstiziali nel range glicemico basso 
dovrebbe essere dichiarata e le letture confermate con un sistema 
SMBG per dare supporto ad eventuali azioni terapeutiche. 
 
Il confronto tra diversi sistemi (diverse tecnologie) è possibile solo con 
studi di confronto “testa a testa”, con i due sistemi indossati 
contemporaneamente dai soggetti e verificati verso lo stesso sistema di 
riferimento. 
 
In assenza di studi standardizzati, non è possibile e non è affidabile il 
confronto di dati MARD ottenuti con differenti device e differenti 
condizioni di studio. 
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Monitoraggio	glicemico	continuo	

ORIGINAL ARTICLE

Assessing Sensor Accuracy for Non-Adjunct
Use of Continuous Glucose Monitoring

Boris P. Kovatchev, PhD,1 Stephen D. Patek, PhD,2 Edward Andrew Ortiz, MD,1

and Marc D. Breton, PhD1

Abstract

Background: The level of continuous glucose monitoring (CGM) accuracy needed for insulin dosing using
sensor values (i.e., the level of accuracy permitting non-adjunct CGM use) is a topic of ongoing debate.
Assessment of this level in clinical experiments is virtually impossible because the magnitude of CGM errors
cannot be manipulated and related prospectively to clinical outcomes.
Materials and Methods: A combination of archival data (parallel CGM, insulin pump, self-monitoring of
blood glucose [SMBG] records, and meals for 56 pump users with type 1 diabetes) and in silico experi-
ments was used to ‘‘replay’’ real-life treatment scenarios and relate sensor error to glycemic outcomes.
Nominal blood glucose (BG) traces were extracted using a mathematical model, yielding 2,082 BG seg-
ments each initiated by insulin bolus and confirmed by SMBG. These segments were replayed at seven
sensor accuracy levels (mean absolute relative differences [MARDs] of 3–22%) testing six scenarios:
insulin dosing using sensor values, threshold, and predictive alarms, each without or with considering CGM
trend arrows.
Results: In all six scenarios, the occurrence of hypoglycemia (frequency of BG levels £ 50 mg/dL and BG
levels £ 39 mg/dL) increased with sensor error, displaying an abrupt slope change at MARD = 10%. Similarly,
hyperglycemia (frequency of BG levels ‡250 mg/dL and BG levels ‡400 mg/dL) increased and displayed an
abrupt slope change at MARD = 10%. When added to insulin dosing decisions, information from CGM trend
arrows, threshold, and predictive alarms resulted in improvement in average glycemia by 1.86, 8.17, and
8.88 mg/dL, respectively.
Conclusions: Using CGM for insulin dosing decisions is feasible below a certain level of sensor error, esti-
mated in silico at MARD = 10%. In our experiments, further accuracy improvement did not contribute sub-
stantively to better glycemic outcomes.

Introduction

Continuous glucose monitoring (CGM) is a powerful
tool assisting the optimization of glycemic control in

diabetes. Since the advent of CGM technology,1–3 significant
progress has been made toward versatile and reliable devices
that not only approximate the course of blood glucose (BG)
fluctuations day and night, but also provide feedback such as
alarms when preset low or high thresholds are reached.
Several studies have documented the benefits of CGM4–7 and
charted guidelines for its clinical use8,9 and for its future as a
base for closed-loop control.10,11

Physiology and CGM errors

It is important to note that subcutaneous CGM devices
measure glucose concentration in a compartment different
than blood—the interstitium—and then deduce BG concen-
tration from interstitial glucose (IG) readings. Presumably,
IG fluctuations are related to BG via a diffusion process,
which results in a well-defined codependence allowing BG
changes to be deduced from IG dynamics.12–14 To account
for the gradient between BG and IG, CGM glucose is cali-
brated using capillary glucose measurements to match CGM
glucose and BG levels.

1University of Virginia Center for Diabetes Technology, Charlottesville, Virginia.
2Department of Systems and Information Engineering, University of Virginia, Charlottesville, Virginia.
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Holter	glicemico:	caratteristiche	tecniche	

•  Accuratezza,	precisione	e	affidabilità	

•  L’analisi	dei	dati	



of clinically significant hypoglycemia or
hyperglycemia they are experiencing is
improving over time. Breaking out the
time in hypoglycemia and hyperglyce-
mia into level 1 (monitor and take ac-
tion if needed) and level 2 (immediate
action required due to themore poten-
tially clinically significant nature of the
glucose levels) can guide the urgency
and degree of clinical response.

Composite Measures
c Because the function of CGM use is to

monitor glucose levels with the ulti-
mate goal of improving glycemic con-
trol, it makes clinical sense to combine
TIRs data with other measures.
○ HbA1c level and time in level 2 (clin-

ically significant/immediate action
required) hypoglycemia is one such
combined measure.

○ Time in target range combined with
time in level 2 hypoglycemia is

another such combined measure.
This combined set of measures
could be set up as a coprimary out-
come for a clinical trial asking
whether one therapy is more ef-
fective than another in achieving
an increased time in target range
(70–180 mg/dL) while also being
noninferior for the level 2 hypogly-
cemia achieved. One then needs to
further define the parameters of
judging noninferior status. These
examples make clinical sense, since
one wants to improve glucose
control (HbA1c or TIR) while also re-
ducing or at least not increasing hy-
poglycemia.

○ Even broader combined measures
of diabetes management such as
targets for desired diabetes man-
agement are being explored (e.g.,
HbA1c 1 hypoglycemia 1 weight

gain or HbA1c 1 blood pressure 1
LDL or HbA1c 1 blood pressure 1
LDL1 aspirin use if high-risk cardio-
vascular disease1 no tobacco use).
These composites emphasize the
importance of taking a multifacto-
rial approach to reducing diabetes
complications, particularly cardio-
vascular disease.

Recommendations
c Percentages of time in ranges (target,

hypoglycemia, andhyperglycemia) should
be assessed and reported.

c Different TIRs in conjunction with a
measure of glycemic variability should
be reported as key diabetes control
metrics in clinical studies.

Additional discussion of these recom-
mendations and supporting evidence is
presented in Appendix 6 of the Supple-
mentary Data.

Table 1—Key metrics for CGM data analysis and reporting

CGM metric Measures ATTD consensus

1 Mean glucose ! (calculated)
Severe hypoglycemia* Clinical diagnosis: event requiring assistance (level 3)
Percentageof time in hypoglycemic ranges,mg/dL (mmol/L)

2 Clinically significant/very low/immediate action required ,54 (,3.0) (level 2)

3 Alert/low/monitor ,70–54 (,3.9–3.0) (level 1)
Percentage of time in target range, mg/dL (mmol/L)

4 Default 70–180 (3.9–10.0)
Secondary 70–140 (3.9–7.8)

Percentage of time in hyperglycemic ranges,mg/dL (mmol/L)

5 Alert/elevated/monitor .180 (.10) (level 1)

6 Clinically significant/very elevated/immediate action
required

.250 (.13.9) (level 2)

Diabetic ketoacidosis* Clinical diagnosis: ketones, acidosis, and usually hyperglycemia
(level 3)

Glycemic variability

7 Primary glycemic variability CV
Stable CV ,36%,
Unstable CV $36%

Secondary glycemic variability SD

8 eA1C ! (calculated)
9 Three time blocks: sleep, wake, 24 h 12:00 A.M.–6:00 A.M., 6:00 A.M.–12:00 A.M., 12 A.M.–12:00 A.M.

Recommended data sufficiency

10 Collection period (minimum no. of weeks) 2

11 Percentage of expected CGM readings (minimum
percentage)

70–80 (10 of 14 days)

12 Episodesofhypoglycemia/hyperglycemia (minimumno.of
minutes) (with beginning and end of episode
defined)

15 min

13 Area under the curve ! (calculated)
14 Risk of hypoglycemia and hyperglycemia LBGI/HBGI recommended

15 Standardized CGM visualization of data AGP recommended

*Severe hypoglycemia (level 3) and diabetic ketoacidosis (level 3) are not key CGM metrics per se. However, these conditions are included in the table
because they are important clinical categories that must be assessed and documented.

1636 Consensus Report Diabetes Care Volume 40, December 2017
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Holter	glicemico:	caratteristiche	tecniche	

1.  Corretta	sincronizzazione	del	device	(controllo	ora	e	data)	

2.  Verifica	che	il	numero	di	calibrazioni	sia	sufficiente	

3.  Registra	le	circostanze	e	gli	episodi	di	vita	giornalieri	associati	al	profilo	

glicemico	in	esame	(orario	pasti,	esercizio	fisico,	malattie	intercorrenti,	febbre,	

farmaci,	…)	

4.  Verifica	accuratezza	del	dato.		

•  Qualificare	l’informazione	(dati	veritieri	e	rappresentativi)	
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Holter	glicemico:	caratteristiche	tecniche	
Panoramica dati sensore di serena dibenedetto
9 gen – 15 gen 2013
(7 giorni)

HbA1c: Nessun dato #396833Paradigm Veo - 554Microinf:
In usoSensore:

Dati sensore (mg/dl)
09/01/13 10/01/13 11/01/13 12/01/13 13/01/13 14/01/13 15/01/13 Media

Media/Totalemar 15 genlun 14 gendom 13 gensab 12 genven 11 gengio 10 genmer 9 gen
1.59522024624628527726853N° di valori sensore
348240274348285208274189Glic. sensore alta (mg/dl)

44108695444586299Glic. sensore bassa
(mg/dl)

160170152184162147149151Glic. sensore media
(mg/dl)

5228476762384828Dev. standard
33,4N/A27,850,841,613,830,0N/A% MAD
151232331N° di calibrazioni valide

Riepilogo escursioni

Media/Totalemar 15 genlun 14 gendom 13 gensab 12 genven 11 gengio 10 genmer 9 gen
201343441N° escursioni
161331341N° escursioni GS alta

40012100N° escursioni
ipoglicemiche

31,931,025,955,039,020,324,119,2AUC sopra limite
0,40,00,00,61,70,10,10,0AUC sotto limite

Durata distribuzione (hh:mm)

63%83:2585%15:3549%10:0577%15:4565%15:2056%13:0048%10:4068%3:00Sopra 140
33%44:1515%2:4551%10:2017%3:3023%5:3541%9:2550%11:1532%1:25Entro (70 - 140)
4%5:150%0:000%0:056%1:1512%2:503%0:402%0:250%0:00Sotto 70

Stampato:16/01/13, 19:34Pagina:1serena dibenedetto

Se	la	MAD%	è	>15–18%,	i	dati	
possono	non	essere	accurati		
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Holter	glicemico:	caratteristiche	tecniche	
Panoramica dati sensore di serena dibenedetto
9 gen – 15 gen 2013
(7 giorni)

HbA1c: Nessun dato #396833Paradigm Veo - 554Microinf:
In usoSensore:

Dati sensore (mg/dl)
09/01/13 10/01/13 11/01/13 12/01/13 13/01/13 14/01/13 15/01/13 Media

Media/Totalemar 15 genlun 14 gendom 13 gensab 12 genven 11 gengio 10 genmer 9 gen
1.59522024624628527726853N° di valori sensore
348240274348285208274189Glic. sensore alta (mg/dl)

44108695444586299Glic. sensore bassa
(mg/dl)

160170152184162147149151Glic. sensore media
(mg/dl)

5228476762384828Dev. standard
33,4N/A27,850,841,613,830,0N/A% MAD
151232331N° di calibrazioni valide

Riepilogo escursioni

Media/Totalemar 15 genlun 14 gendom 13 gensab 12 genven 11 gengio 10 genmer 9 gen
201343441N° escursioni
161331341N° escursioni GS alta

40012100N° escursioni
ipoglicemiche

31,931,025,955,039,020,324,119,2AUC sopra limite
0,40,00,00,61,70,10,10,0AUC sotto limite

Durata distribuzione (hh:mm)

63%83:2585%15:3549%10:0577%15:4565%15:2056%13:0048%10:4068%3:00Sopra 140
33%44:1515%2:4551%10:2017%3:3023%5:3541%9:2550%11:1532%1:25Entro (70 - 140)
4%5:150%0:000%0:056%1:1512%2:503%0:402%0:250%0:00Sotto 70

Stampato:16/01/13, 19:34Pagina:1serena dibenedetto

Una	DS	<	33%	è	un	valore	
desiderabile	
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Holter	glicemico:	caratteristiche	tecniche	

L’analisi	dei	dati	

1. Valuta	l’ampiezza	e	il	tempo	di	picco	glicemico	post-prandiale	

2. Determina	l’efficacia	dell’insulina	somministrata	al	pasto	

3. Quantifica	il	fattore	di	correzione	e	il	rapporto	insulina/CHO	

4. Verifica	l’efficacia	dell’insulinizzazione	basale	

5. Misura	la	durata	di	azione	insulinica	(Insulin	on	Board)	

6. Analizza	gli	episodi	di	ipoglicemia	e	gli	eventi	correlati	

7.  Identifica	comportamenti	che	possono	essere	di	ostacolo	al	raggiungimento	di	un	

buon	controllo	glicemico	
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Holter	glicemico:	caratteristiche	tecniche	

L’analisi	dei	dati	
Verifica	andamento	glicemico	ai	pasti	

22/03/2016 - 29/03/2016
Therapy Management Dashboard Pagina 1 di 17

Dati tratti da: MiniMed 640G, MMT-1512/1712 (NG1057043H)
Di Benedetto, Giovanni Generato il: 29/03/2016 12.38.17

 Media bolo prandiale: 9,6 ± 3,6U
 Media carb: 96 ± 36g
 Med sen postprand:  178 ± 53mg/dl
 Med sens preprand:  148 ± 49mg/dl
 Cena: 19.00 - 22.00 (7)

 Media bolo prandiale: 12,1 ± 2,4U
 Media carb: 121 ± 24g
 Med sen postprand:  163 ± 40mg/dl
 Med sens preprand:  143 ± 49mg/dl
 Pranzo: 12.00 - 15.00 (7)

 Media bolo prandiale: 3,0 ± 0,7U
 Media carb: 30 ± 7g
 Med sen postprand:  183 ± 31mg/dl
 Med sens preprand:  191 ± 30mg/dl
 Colazione: 7.00 - 9.00 (7)

Risveglio: 5.00 - 7.00
Sonno: 7.00 - 5.00

Periodo Sonno/Risveglio

7,6 al giornoAvvisi glic. alta

0,0 al giornoAvvisi glic. bassa

6g 13h a settimanaDurata di utilizzo

175 ± 51 mg/dlGlic. sensore media

Uso sensore

1h 01m (0,6 eventi)Sosp Pre gluc basso
--Sosp gluc basso
1h 02m (0,8 eventi)Totale sospensioni

-0,2U (0,2 boli)Interruzione (-)
0,0U (0,0 boli)Interruzione (+)
7,0U (3,6 boli)Correzione
25,0U (3,0 boli)Cibo
31,0U (4,6 boli)Bolus Wizard
0,0U (0,0 boli)Boli manuali
34 / 66Rapp. basale/bolo
46,9 ± 3,0UTot. insulina/giorno
Al giornoUso microinfusore

9.05-12.05

1.15-4.20Periodo di tempo

4.55-8.55

Andamento iperglicemia (7)**

Periodo di tempo

Andamento ipoglicemia (0)

250 ± 34g al giornoCarboidrati inseriti

5,8 al giornoValori glicemia gluc

7,7%A1C stimata

180 ± 55mg/dlGlic. media

Statistiche
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Velocità basale Bolo di insulina

**Viene visualizzata solo la priorità più alta.*Sono visualizzate le impostazioni del microinfusore più recenti

Analisi su 24 ore – Sensore, insulina e impostazioni

Action Plan

Rivisto da

Data                                               Ora
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Holter	glicemico:	caratteristiche	tecniche	
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FRECCIA	
TENDENZA	

VELOCITA’	E	DIREZIONE	
CAMBIAMENTO	

15	minuti	 30	minuti	

Glicemia	in	salita	rapida	>	
1.8	mg/dl/min	

>	+	27	mg/dl	 >	+	54	mg/dl	

Glicemia	in	salita	
		10.8-	18	mg/dl/min	

	

+16.2	-	27	mg/dl/
min	

+32.4	–	54	mg/dl/
min	

Glicemia	lentamente	
	10.8	mg/dl/min	

	

<		±	16.2	mg/dl/min	 <		±	32.4	mg/dl/
min	
	

Glicemia	in	decremento	
	10.8-	18	mg/dl/min	

	

-	16.2	-	27	mg/dl/
min	
	

-	32.4	–	54	mg/dl/
min	
	

Glicemia	in	caduta	rapida	
>	1.8	mg/dl/min	

	

>	-	27	mg/dl	
	

>	-	54	mg/dl	
	

➜

➜
 

➜

Previsione	di	cambiamento	della	glicemia	
	in	base	alla	lettura	istantanea	
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Holter	glicemico:	caratteristiche	tecniche	

Che	ruolo	ha	il	diabetologo/endocrinologo?	

•  L’introduzione	 di	 qualunque	 tecnologia	 applicata	 alla	 terapia	
necessita	 di	 tempo,	 energie,	 sforzi,	 giudizio	 e	 iniziativa,	 che	 se	
accoppiati	al	tempo	disponibile	rendono	difficile	la	gestione	nella	
pratica	clinica.		

•  Devono	 essere	 disponibili	 piattaforme	 di	 analisi	 dei	 dati	
specialist-friendly,	condivise	da	tutti,	con	interpretazione	dei	dati	
basata	sulla	loro	immediata	lettura.			

•  Devono	 essere	 disponibili	 sistemi	 formativi	 che	 non	 siano	 self-
training,	 se	 si	 considera	 che	 spesso	 la	 stessa	 tecnologia	 è	 in	
possesso	del	paziente	ancor	prima	dello	specialista.		
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Holter	glicemico:	caratteristiche	tecniche	

•  Quanto	 tempo	 e	 addestramento	 sono	 necessari	 per	 il	 medico	
affinché	 possa	 imparare	 e	 insegnare	 al	 paziente	 i	 rudimenti	 e	
l’approccio	ai	dati	di	monitoraggio	glicemico	continuo?	

•  Quanto	 tempo	 per	 il	 paziente	 per	 essere	 in	 grado	 di	 usare	 il	
“device”,	inserire,	rimuovere	e	trasmettere	i	dati	del	sensore	su	PC	
e	web?	

•  Quanto	 tempo	per	entrambi	 (da	soli	o	 insieme)	per	effettuare	ed	
interpretare	l’analisi	retrospettiva	dei	dati?			

•  Come	 vengono	 tradotte	 in	 azione	 le	 informazioni	 ottenute	
(outcome	 di	 risultato,	 qualità	 del	 controllo	 glicemico	 e	 della	 sua	
variabilità,	qualità	di	vita)?	


