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Foreword

Continuous glucose monitoring (CGM) systems are medical devices that measure glucose in
the interstitial fluid just under the skin and use algorithms to predict blood glucose values
from the measurement. This guideline applies to such devices; however, similar concepts
might be applicable to noninvasive or minimally invasive devices. This guideline covers how
CGM data should be assessed for accuracy, how CGM systems should be assessed for f

payers see the benefits that these devices can provide in the managem
Many clinical trials comparing CGM with other blood glucose monitoring

hypoglycemia. Optimal CGM system performance, as well as
between sensors, can be obtained by following the technica
guideline.

the following formula can be used to convert

mg/dL

I/L =
mmol/ 18

Overview of Changes

This guideline replaces the previo
in 2008. Several changes

apters and appendixes, including:

nd-alone chapter on lag time to become part of Chapter 8

t describing establishing measurement traceability in Chapter 4
pendix on clinical studies with Chapter 9

appendix on rate deviation with Subchapters 6.3.1, 6.3.2, and 6.4

appendix covering continuous glucose-error grid analysis

NOTE: The content of this guideline is supported by the CLSI consensus process and does not
necessarily reflect the views of any single individual or organization.

Vii
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Performance Metrics for Continuous Interstitial Glucose Monitoring

Chapter 1: Introduction

This chapter includes:

e Guideline’s scope and applicable exclusions

e Background information pertinent to the guideline’s content
e Standard precautions information

e Terminology information, including:

— Terms and definitions used in the guideline
— Abbreviations and acronyms used in the guideline

1.1 Scope

This guideline provides recommendations for metf ne analytical
and clinical metrics of continuous glu ‘ cator of blood
glucose values. It discusses use case -
threshold alerts, system stability a iabi ini for assessing CGM
performance, calibration, tracegid ity, and device

care professionals. This guideline is
cuss devices that do not meet the

manufacturers, regulat
not intended for use by p
definitions of cqadd@dious, in

- Although these devices are easier to use than in the past,
patients do not comply with SMBG testing at the frequency
recommen by their physician because of the cost of testing supplies, the pain of
repeated measurements, the environmental drawbacks of blood and sharps

e overall inconvenience of monitoring.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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CGM devices are typically attached to the skin by an adhesive patch or implanted
under the skin. Unlike SMBG devices that measure glucose levels in blood (capillary),
CGM devices sample interstitial fluid (ISF) from under the skin. Circulating blood
glucose distributes into ISF, where it is eventually absorbed by cells. ISF glucose
levels are related to although not necessarily the same as blood glucose levels.
Depending on physiological circumstances, compared with blood glucose levels,

ISF levels may be higher or lower at different times.

CGM devices offer patients the potential to monitor glucose without reg
punctures, which are required for SMBG measurements.
“continuous,” CGM devices may actually only report IS

inside CGM devices can combine current levels with previous
future direction of glucose change. CGM instruments can thus

devices thus offer the potential to predict hypogl
before they occur, alert when they do occur, mo
not be detectable with SMBG monitoring only:.
glucose values for determining therapy adjust

on the same screen or incorporate - pancreas system that
delivers insulin automatically, bas

y of a CGM can be defined as the numerical agreement of a test result
GM and a glucose reference method. There is no single metric
valuating the performance of a CGM. Several metrics are frequently
ibe sensor accuracy in different ways. These metrics include:

accepted
used to

ement rates (ie, the percentage of CGM values falling within a specified
istance from the reference measurement)

e Agreement when the CGM reading is outside the display range (ie, the
concordance of measurements that are specified as “low” or “high” with
reference values in these extreme ranges)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Chapter 3: Continuous Glucose Monitoring Use Cases

This chapter includes:

e Description of CGM systems users and CGM data uses
e Descriptions of CGM use cases

3.1 Users of Continuous Glucose Monitoring

The primary users of CGM are patients and clinicians. In
occurs when both the patient and clinician collaborate in
diabetes management, such as through cloud-based or in-pe

Use Cas.
Type of Control Advice Or 1 Only Advice and Action
Decision support algorithms

Device control
Abbreviation: CGM, continuous glucose mo

3.2 Situations and End-US i ed to Benefit From Continuous
Glucose Monitoring

M throughout the night can help identify patterns leading to
ypoglycemia during sleep and may assist in determining the causes of
these patterns.

¢ Determination of metrics associated with glycemic control, such as time-above-
target range, time-in-target range, and time-below-target range, as well as a
measure of glycemic variability, such as CV or SD

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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5.5 Modified Bland-Altman Plot

Accuracy tables are often complemented with a graphical summary of the point
differences (see Figure 2). The modified Bland-Altman plot shows the difference
between each CGM reading and reference value on the ordinate vs the reference
value concentration on the abscissa.'® The error boundaries used for agreement rates
such as the upper and lower 20%/20 mg/dL boundaries can be added to helpg
points with poor agreement. In some cases, a regression line is added tog4
bias as a function of concentration. Modified Bland-Altman plots allow j
of any systematic difference between the measurement possible o
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an Plot of Differences Between CGM and Reference Glucose
rence Glucose Measurements. Continuous glucose monitoring
erence glucose concentrations between 40 and 400 mg/dL are
included, within 0 mg/dL (dashed line) for a cut-point glucose concentration of

100 mg/dL.
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reference blood glucose collection times (green dotted line and formula), but such a
solution would be more sensitive to high-frequency noise. Trend accuracy should also
be evaluated at different glucose RoCs and starting ranges (ie, hypoglycemic,
euglycemic, and hyperglycemic).?°

In the slope-intercept portrayal of a line, the line can be expressed by the formula
y=mx+b, in which m is the slope and b is the y offset (the value of y when 2
In the example in Figure 3, the offset is approximately 162 mg/dL. Altho
or the RoC formula has no offset, as stated above, an equation linking g
specific value of the glucose concentration must include :
in Figure 3 expresses more than just slope; it links the
of glucose as portrayed in the y axis.

CGM=ROC,,, * ATime +4
180 —
170 —
160 — *
150 —
140 —

130 —

120 —

Glucose concentration, mg/dL

110 —

CGM glucose RoC
100 —

>

T
60 65 70 75
g, minutes

glucose fluctuations are physiologically limited in their rate.
the wide range of glucose readings and rates of change can be
udies that enroll a substantial number of patients with type 1 diabetes.

patients high glycemic index foods, altering their insulin dose, or

tering hypoglycemic agents. Appropriate measures to ensure patient safety
must be used.

Recent data suggest that glucose-sustained fluctuations up to + 4 mg/dL per minute
over a 15-minute period are reasonable (only 1% of cases may fall outside these
boundaries) in type 1 diabetes mellitus, even under exposure to insulin and glucose
challenges.?'" Additionally, maximum glucose uptake under high insulinization may

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Related CLSI Reference Materials?

EPO7

EP25

M29

Interference Testing in Clinical Chemistry. 3rd ed., 2018. This guideline provides background
information, guidance, and experimental procedures for investigating, identifying, and
characterizing the effects of interferents on clinical chemistry test results.

Evaluation of Stability of In Vitro Diagnostic Reagents. 1st ed., 2009. This document provides
guidance for establishing shelf-life and in-use stability claims for in vitro diagnostic reags
such as reagent kits, calibrators, and control products.

Protection of Laboratory Workers From Occupationally Acquired Infections. 44
Based on US regulations, this document provides guidance on t
infectious agents by aerosols, droplets, blood, and body substa
specific precautions for preventing the laboratory transmission of
laboratory instruments and materials; and recommendations for the
infectious agents.

@ CLSI documents are continually reviewed and revised through the CLSI consensus process; therefore, readers
should refer to the most current editions.
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