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The long-term benefits of intensive glycemic control in 
patients with type 1 diabetes (T1D) have been proven;1-3 
however, most patients continue to have suboptimal glyce-
mic control, and do not meet the American Diabetes 
Association’s recommended goals of a hemoglobin A1C 
level < 7% for adults and < 7.5% for children.4 Suboptimal 
glycemic control increases the risk of both short-term com-
plications such as seizures, loss of consciousness or diabetic 
ketoacidosis, as well as long-term microvascular and macro-
vascular complications leading to visual loss, renal failure 
and cardiovascular events.1 One of the main barriers to inten-
sive glycemic management is the increased risk of hypogly-
cemia which can occur in attempts to lower glucose levels.5-7 
Hypoglycemia is particularly a concern overnight.8

HbA
1c

 is a well-established marker to evaluate glycemic 
outcomes in clinical practice and research settings. HbA1c 
measurements, however, are affected by ethnicity, red blood 
cell life span,9 and people can have significant differences in 
their HbA1c levels with similar mean glucose levels.9-13 
HbA1c measurements also do not inform the patient or pro-
vider about glucose variability, time spent in hypoglycemia, 

duration of hypoglycemic events, or the effects changes in 
basal infusions or meal or correction boluses. To understand 
these, the patient and clinician require the information pro-
vided in an integrated pump and glucose sensor download.

Despite the benefits, CGM technology is significantly 
underutilized.14 From the clinician’s point of view, the com-
plexity of the data interpretation and the previous lack of 
standardization in data reporting might be among the limit-
ing factors. The retrospective analysis of data requires prior 
training of providers, patient education, and details about 
dosing history (pump downloads), meals, exercise, and ill-
ness. In this article we provide a review of CGM data analy-
sis, with a focus on automated insulin delivery (AID) system 
data interpretation.
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Abstract

Using a continuous glucose monitor (CGM) improves glycemic control in patients with type 1 diabetes. The ambulatory 
glucose profile (AGP) has been recommended as a standard method for reporting CGM data. However, in recently developed 
automated insulin delivery (AID) systems, a standard format for reporting data has not yet been developed. Instead, reports 
are specific to each system being used. Currently, the only FDA approved AID system is a hybrid closed-loop insulin pump. 
In these systems, the patient is still required to announce a meal, respond to alerts, and keep the system in automated insulin 
delivery. The integrated pump and sensor information provides insights into how the system is performing, and how to make 
changes to tunable parameters, such as carbohydrate to insulin ratios. The reports also offer a window into human behavior 
related to performing diabetes tasks, responding to alarms, reasons for exiting HCL, and how glycemic goals are being met. 
This article reviews the pump and CGM data provided by several of the current closed-loop systems with a focus on systems 
that are currently approved in the United States (MiniMed™ 670G, Tandem Basal:IQ) and those used by patients using 
do-it-yourself systems. A step-wise approach to reviewing the nuances of these systems is provided. The comparison may 
reinforce the importance of the continued need for streamlining a standard report for providers to be able to interpret the 
CGM data of these systems.

Keywords
type 1 diabetes, continuous glucose monitoring system, closed loop, MiniMed 670G, Tandem Basal IQ, do-it-yourself

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dst
mailto:layae@stanford.edu


646	 Journal of Diabetes Science and Technology 13(4)

Standardization of Glucose Reporting: 
The Ambulatory Glucose Profile (AGP)

Currently, there is not one standardized way of data presenta-
tion, interpretation or comparison between glucose profiles. 
Reporting measures and reporting format vary between 
system manufacturers. Guidelines have been developed 
for reporting measures of glycemic control in closed loop 
studies.15 Percentage time in range (70-180 mg/dL),16,17 
hypoglycemia (<70 mg/dl and <54mg/dl), glycemic variabil-
ity (coefficient of variation, CV), hyperglycemia (>180 mg/dl 
and >250 mg/dl), and time blocks for reporting nighttime 
(midnight to 6AM) and daytime results are among the key 
metrics for CGM based analysis.18-20 The minimum recom-
mended data collection is 14 days.17 Visualizing metrics is 
important to highlight day versus night patterns, meal-related 
glucose excursions, patterns of overtreatment as well as hypo 
or hyperglycemic trends.21

The ambulatory glucose profile (AGP), developed by the 
International Diabetes Center, is one standard for CGM data 
presentation. It has yet to be universally adopted by industry, 
but the hope is that it becomes a uniform way of reporting 
both glycemic metrics and providing a graphic modal day.22 
AGP includes three sections: statistical summary (patient’s 
information and glucose exposure), visual display (presents a 
14-day modal day), and condensed daily views of glycemic 
excursions over the 14 days. There is published data on the 
advantages of using this profile16 (Figure 1S).

Captūr AGP™ statistically and visually represents glyce-
mic exposure, variability, and time in range over a period of 
time using CGM or meter blood glucose (MBG) data,22 and 
is designed to provide helpful data that would allow clini-
cians to evaluate glycemic control—ideally when the patient 
is also viewing the report. Reporting CGM data in a stan-
dardized way, such as the AGP, in conjunction with an 
HbA1c will optimize clinical care.

Retrospective Analysis of the CGM 
Data

Retrospective analysis of CGM data by providers and 
patients provides benefit to clinical decision-making and set-
tings adjustments such as insulin-carb ratios and sensitivity 
factors.23

Statistical Summary

The initial step is to review the time in range with a goal of 
70% of readings between 70-180 mg/dl, and hypoglycemic 
risk with a goal of less than 4% of readings <70 mg/dl and 
<1% of readings <54 mg/dl.17 Other important metrics are 
mean sensor glucose (SG) with a goal of about 154 mg/dl, 
and the coefficient of variation with a goal of <36%. If 
the CV is high, or there is a high daily glycemic variability, 

day-by-day analysis will assist in finding the cause for the 
variability. Hypoglycemia risk due to high variability needs 
to be addressed as one of the first adjustments in treatment. If 
there is a day-by-day inconsistency, lifestyle and patient 
behaviors need to be discussed, and several causes need to be 
considered: irregular meal intake, sleep or work schedule, 
physical activity, late or missed meal boluses, inaccurate 
insulin dose calculations, illness, eating in restaurants, insu-
lin leakage, or insulin delivery into subcutaneous sites with 
lipohypertrophy.24,25

Trend Graphs

One should assess a two week overview of glucose trends 
which are graphed over a 24-hour day, such as the ambula-
tory glucose profile which provides the median, the 25th 
and 75th percentiles, and the 10th and 90th percentiles. 
This provides a good overview of overnight glycemic 
control, and problem areas for hyper and hypoglycemia, 
which often can be related to particular meal or snack 
times.

Next, analyze the daily details. These are ideally provided 
for a single day with the integration of CGM values, basal 
insulin delivery (or AID), meal boluses, and correction doses 
(manually given or given by AID) and MBG values. To be 
valuable, the daily detail report should have a significantly 
long time axis (x-axis) so that late meal boluses and missed 
meal boluses can be easily identified and it is easy to evalu-
ate for the effectiveness of a correction dose.

CGM Interpretation of Automated 
Insulin Delivery (AID) systems

With the introduction of the Medtronic MiniMed™ 670G in 
2017, Medtronic modified CareLink reports including met-
rics describing AID. In June 2018 the 670G received FDA 
approval down to age 7,26-28 and in fall 2018 received 
approval for release in Europe28 and Canada. Tandem’s 
Basal:IQ predictive low glucose suspend (PLGS) system 
was also approved by FDA for patients older than six years 
of age in June 2018.29 Tandem aims for approval of their 
Control:IQ HCL system in the second half of 2019.

Interpreting CGM reports of pumps with AID offers a few 
novel challenges that providers should familiarize them-
selves with. Currently, there are a few commercial data 
review options: Medtronic’s CareLink and Tandem’s 
t:connect® Diabetes Management Application. Tidepool 
supports both Medtronic and Tandem downloads. Glooko 
and Diasend do not currently support the AID systems. There 
is also an increasing number of patients using do-it-yourself 
closed-loop systems.30 Nightscout provides multiple excel-
lent reports for these patients.

Review of AID pump reports should start like CGM 
review of non-AID systems. A stepwise approach is offered 
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that encompasses the above, with a few steps unique to AID 
reports. Start with a summary report such as an AGP or 
dashboard:

−− Assess duration of report. 14-day windows are a stan-
dard default.

−− Assess % sensor use. Large gaps in sensor wear limit 
the usefulness of the summary statistics

−− Assess % time in range (70-180 mg/dl, 3.9-10 mmol/L, 
goal ≥70%), % <70 mg/dl (3.9 mmol/L, goal ≤4%), 
% < 54 mg/dl (3.0 mmol/L, goal ≤ 1%)

−− Assess mean glucose (mg/dl or mmol/L)
−− Assess glucose variability with coefficient of varia-

tion (goal < 36%)31

−− If available on AID pump reports, assess time in HCL 
(goal >80%)

−− If available on AID pump reports, assess reasons 
listed for HCL exits

−− If available on AID pump reports, assess average 
basal delivery in HCL vs preset basal rates (units)

−− If available on AID pump reports, assess frequency 
and patterns of basal suspensions

−− If available on AID pump reports, assess frequency of 
correction boluses

−− If available on AID pump reports, assess use of set-
point changes for activity or sleep
−− Medtronic 670G: temp target of 150 mg/dl
−− Tandem X2 with Control:IQ: Exercise or Sleep 

mode with modified target range

If there is too much hyperglycemia or hypoglycemia, assess 
the following:

−− Is the hyper- or hypoglycemia meal-related or 
basal-related?

−− Are the root causes of the glucose control modifiable 
on the pump?
−− The 670G tuning parameters in HCL are limited to 

Insulin-Carb Ratio and Bolus Speed. The Duration 
of Insulin Action is adjustable, but only affects 
calculations for correction doses. Sensitivity 
Factor and Basal Rates are controlled by the algo-
rithm in HCL.

−− The upcoming Tandem HCL pump with 
Control:IQ will allow modification of sensitivity 
factor and basal rates in HCL, but not duration of 
insulin action

−− Is the patient experiencing rebound hyperglycemia? 
Patients will often need to reduce the amount of car-
bohydrates consumed to treat hypoglycemia when a 
hypoglycemic event is preceded by an hour or more of 
basal suspension. Investigators in the study of the 
640G concluded that PLGS works best when sub-
jects allow the algorithm to do the work. Biester et al 

recommend that patients do not need take oral carbo-
hydrates to prevent hypoglycemia unless the active 
insulin on board is more than the sum of 2 hours of 
basal insulin.32 We instruct patients to consume half 
their standard carb treatment for lows when PLGS (or 
Basal IQ) is active, and they are <70 mg/dl.

−− Are the reasons for users exiting HCL modifiable? 
Appropriate (but not too closely spaced, ie, more 
than a half hour apart) sensor calibrations and pro-
longed hyperglycemia are common reasons for HCL 
exit with the 670G. Prolonged hyperglycemia often 
relates to missed or late meal boluses, but may also 
require more aggressive carbohydrate to insulin 
ratios.

−− Are there obvious missed meal boluses? No AID 
system is currently fully closed-loop. Thus meal 
boluses must still be given, ideally 10-15 minutes 
prior to eating. Patient education is necessary regard-
ing the need for prebolusing for meals, and the algo-
rithm ’s limited ability to compensate for missed 
meal boluses.

−− How often are correction doses being given, and how 
well are correction doses working? The 670G calcu-
lates its own ISF, but it can be user adjusted for peri-
ods when the patient is not in Auto Mode.

Next is an overview of reports specific to the systems cur-
rently available with notes unique to each.

Interpreting Medtronic CareLink 
Reports for the MiniMed 670G

Medtronic has updated its CareLink software to allow 
review of the 670G’s Auto Mode, their name for HCL mode. 
CareLink Personal (carelink.minimed.com) and CareLink 
Pro (carelink.medtronic.com) both have options for 670G 
reports. While the interface for uploading the pump is differ-
ent on each site, the reports are the same (Figure 2-5S). 
Table 1 offers a comparison of the different iterations of 
Medtronic’s CareLink.

Medtronic created two reports unique to the 670G, the 
Assessment and Progress Report (Figure 1) and Weekly 
Review (Figure 2). The Assessment and Progress report pro-
vides a modal day with many metrics similar to an AGP. 
Highlights of this report include:

−− Time Period Comparisons: Blue and orange tracings 
represent two different time periods which can be 
customized. Time in Range bars also compare these 
periods, which is useful when comparing results 
before and after start of HCL and the effect of user 
changes

−− Auto Mode Exits: Provides a list of reasons the patient 
is exiting Auto Mode, including the frequency of 
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each. Analyzing this list provides topics to counsel 
patients on how to achieve greater time in HCL, and 
greater Time in Range with fewer alarms.23

−− Time i-n HCL
−− Mean Sensor Glucose, Glucose SD, Time in 

Ranges
−− Hyperglycemia and Hypoglycemia Patterns
−− Insulin-Carb Ratio (ICR) by Time of Day

The Weekly Review report (Figure 2) shows seven days 
compressed onto one page. In practice, this often makes the 
nuance of AID systems difficult to determine. If possible, we 
recommend getting daily detail reports. However, the Weekly 
Review report can be used to visually assess the following:

−− Gray shaded boxes represent Auto Mode exits which 
can be used to determine time of day patterns

−− A box in the right corner provides detail on each exit 
(greater detail is found in Data Table reports)

Medtronic also has a Daily Report and Data Table for the 
670G, but these were not available across all Carelink ver-
sions. As of spring 2019 they are rolling out an updated 670G 
daily report interface on all Carelink versions. We provide an 
overview using the existing reports (Figure 3A), and high-
light lessons learned for Auto Mode which can also be 
applied to the updated daily reports (Figure 3B).

−− Blue shading in the Insulin Delivery charts represents 
when the patient is in HCL, and there is no shading 
when patient is in Manual Mode.

−− Basal Rate modulation by Auto Mode is depicted by 
the black line in the Insulin Delivery chart.

−− Dotted basal rate patterns indicate Safe Basal, or the 
90 minutes prior to a patient exiting HCL (Figure 4). 
Safe Basal is determined by insulin delivery require-
ments while in Auto Mode and may be lower or 
higher than their preprogrammed basal rates used in 
manual mode.

−− The Data Table (Figure 5) shows data from every 
5-minute step in CGM readings with corresponding 
alarms and user inputs. Currently, an Excel CSV file 
can be exported from Carelink which contains the 
same data. This report contains a lot of detail and is 
not routinely reviewed during clinic visits. The report 
contains details that cannot be found elsewhere and 
can help in analyzing reasons for alarms and reasons 
for exiting Auto Mode. It also provides calibration 
errors and total time in Auto Mode per day in minutes 
rather than as a percentage of readings.

Key Items to Assess When Reviewing 670G Reports:

•• Auto Mode Duration (percentage and hours/day, goal 
≥ 80%)

Table 1.  A comparison of the different iterations of Medtronic’s CareLink Versus t:connect and Nightscout

CareLink 
Personal CareLink Pro Tidepool

Carelink 
Trials t:connect Nightscout

Website Carelink.
minimed.com

Carelink.
medtronic.
com

Tidepool.
org

Trials.
minimed.
com

tconnect.
tandemdiabetes.
com

Each patient will have a unique 
URL: PATIENTNAME.
azurewebsites.net

or
PATIENTNAME.herokuapp.

com
Available to public Yes No Yes Limited Yes Yes
670G Compatible Yes Yes Yes Yes No CGM data only, no basal info
Daily detail reports Coming Summer 

2019*
Summer 2019* Yes Yes Yes Yes

Java software 
required

No No No Yes Yes No

Mac compatible Yes Yes Yes Only with 
MacOS 
10.11 or 
older, Safari 
10 or older

Yes Yes

Data table report No Only as Excel 
.cvs file

No Yes Yes Yes, “Treatments” tab

Infusion set change 
shown on graph

Yes Yes Yes No Yes No

*The Weekly Review provides 7 days of graphs with sensor and insulin delivery on an page in landscape format.
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•• Reasons for Auto Mode Exits: Important to analyze 
to see if settings changes or patient education is 
warranted:
|| High SG Auto Mode Exit (> 250 mg/dl for 3 hours 

or >300 mg/dl for 1 hour): If consistently post-
meal, assess meal dosing patterns (carb counting 
accuracy, bolus timing, and consider ICR changes)

|| Auto Mode Max Delivery (>4 hours of algorithm-
defined max basal): Assess for missed or late 
meal boluses and basal patterns. Instruct patients 
regarding SMBG>150 mg/dl bolus corrections.

|| Auto Mode Minimum Delivery (>2.5 hours of 
minimum basal): Assess frequency and patterns, 
if occurring frequently overnight, may indicate 
residual insulin secretion (partial honeymoon). 
Also, assess for patterns of hypoglycemia

|| Calibration and BG alerts: Advise on good cali-
bration habits. Calibrate when BG stable, at least 
every 12 hours, ideally 3-4 times a day for great-
est accuracy. If calibration not accepted, avoid 
repeating until sensor asks for new calibration. 
Calibration issues have been reduced with a firm-
ware update to the Medtronic CGM transmitter, 
released in early 2019.

•• Comparing Programmed Basals to HCL Basal 
Delivery

Providers should make regular assessments of average basal 
delivery while in HCL (Assessments and Progress; Figure 1), 
and compare that to the programmed total daily basal. Day-by-
day breakdown is found in Daily Detail summaries (Figure 6). 
Consider whether changes to programmed basals may be 
necessary. This is especially true for periods of changing insulin 
requirements, such as puberty.

•• Assessing Sensor Accuracy

Since the 670G is titrating basal delivery to a target SG of 
120 mg/dl, it is important to gauge the discrepancy between 
SMBGs and SG. Areas of mismatch raise concern for an 
inaccurate or poorly calibrated sensor. Greater than a 35% 
discrepancy between SMBG and SG is one criteria for Auto 
Mode exit. Periods of greater caution include the initial 24 hours 
of sensor wear, near the end of sensor life (6th-7th day), and 
periods of compression artifacts on SG33 (Figure 7).

•• Fake Carbs or Correction?

When in Auto Mode, the 670G does not offer the ability to enter 
a manual bolus. All boluses must coincide with carbohydrate 
entry or correction for hyperglycemia. In order to recreate the 
ability to manual bolus and override insulin on board safety 
constraints, users will sometimes enter a carb amount in the 
Bolus Wizard that corresponds to a desired unit amount of 
insulin. Interpreting what is a real food bolus versus a “fake 

Figure 2.  Weekly Review report.
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Figure 3.  Daily detail graphs with Auto Mode versus Manual Mode. A) Existing Daily report. B) Upcoming Daily report

Figure 4.  Safe Basal.
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Figure 5.  Data Table with more detail on boluses, Auto Mode exits, and calibrations.

Figure 6.  Assessing total basal insulin when in HCL and comparing it to preset basal total.



Ekhlaspour et al	 653

Figure 7.  Be mindful of sensor accuracy when judging success of HCL.

Figure 8.  Fake Carbs.
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carb” or “ghost carb” bolus requires looking at the timing of the 
bolus and the prevailing glucose. Examples of fake carbs boluses 
can be seen in the below examples:

•• Multiple carb entries post meal bolus, while BG is 
elevated might be additional boluses to help lower 
glucose. Inquire whether this was continued snack-
ing or attempts to dose additional insulin. (Figure 8)

•• Carb entries during sleeping hours.

•• Sensor Backfill

Sensor backfill occurs when the pump is too far from the CGM 
transmitter’s communication range, and SG data is stored on the 
transmitter and then filled back on the pump screen when the 
devices are within range again. When the lack of CGM data 
causes an Auto Mode exit, this may not be obvious when 

retrospectively looking at reports because the missing SG data 
has been backfilled. Figure 9 is an example from midnight to 4 
am where the patient has SG in target range and a recent accurate 
calibration, yet still not in Auto Mode. Discussions with the 
patient revealed this to be sensor backfill. On CareLink the only 
way to determine sensor backfill is to use the Data Table or a 
CSV export, where sensor backfill is listed as a detail.

•• When stumped—go back to the basics

Figure 10 shows a patient in Auto Mode (blue shading) with 
rising SG overnight. Upon questioning, the patient indicated that 
the infusion set had been ripped out overnight, and replaced. 
Infusion set replacements are not depicted in CareLink graphs. 
It’s important to remember that HCL pumping is only as 
successful as the patency of the infusion set delivering the 
insulin, and accuracy of the CGM.

Figure 9.  Sensor backfill.
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Figure 10.  Patients should inspect infusion sets with prolonged SG>300 mg/dl while in HCL.

Figure 11.  The dashboard on t:connect. (A) The dashboard. (B) The Basal:IQ section.
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Interpreting Tandem t:connect® 
reports for Tandem’s Basal:IQ34,35

Tandem uses the t:connect Uploader software (http://tconnect 
.tandemdiabetes.com) which allows clinics and patients to 
upload Tandem pumps, including paired Dexcom CGM and 
glucose meter data (Figure 3S). t:connect has added a few 
updates to its reports for Basal:IQ. These changes give a 
peak at what we will see with the next t:connect update for 
the release of their hybrid closed-loop system, T:Slim X2 
with Control:IQ.

t:connect® has several reports available with modifiable 
date ranges including:

−− Dashboard (Figure 11A)—Snapshot including the 
highest and lowest blood glucose (BG), averages for 
both BG and SG readings, daily insulin summary, and 
a Basal:IQ section which shows (Figure 11B):
|| percentage of time Basal:IQ is used
|| percentage of time suspensions occur by day ver-

sus night
|| average duration of suspensions
|| average glucose levels before and after suspension.

−− Therapy Timeline (Figure 12A)—Tandem’s daily 
detail report of BG and SG and pump delivery includ-
ing Basal:IQ suspensions (indicated by a half-red dia-
mond). Use this report to identify patterns of basal 

Figure 12.  Therapy Timeline Report. (A) Therapy detail. Types of bolus and basal are displayed as colored bars on this report: Food 
Bolus (light blue bar), Correction Bolus (dark blue bar), Basal (yellow area), Temporary Basal (orange area). (B)   Log Book. Data 
including date and time, BG, carb amount, and insulin delivery.

http://tconnect.tandemdiabetes.com
http://tconnect.tandemdiabetes.com
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Figure 13.  Blood Glucose Trends Report. (A) Hourly View. (B) Daily View.

Figure 14.  CGM Hourly Report and Time of Day Boxes.
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Figure 15.  Activity Summary.

suspensions. Pay attention to the legend of this report 
as different types of basal and bolus details are 
included. (Figure 12A and B)
|| When Control:IQ is released, more detail will 

be added to this report. This report can be of 
great utility to identify patterns where the algo-
rithm is intervening and where attention may be 
needed.

−− BG Trends (Figure 13A)—This is a modal day report 
restricted to BG meter data. Daily view reveals if 
there is a consistent pattern on specific days (Figure 
13B). It has not received any updates for Basal:IQ. If 
available, we recommend using the CGM Hourly 
Report.

−− CGM Hourly Report (Figure 14A)—Tandem’s ver-
sion of a CGM modal day report. Hourly summary 
of CGM with interquartile range. Users can hover 
over hours to see hourly details. Time of Day Boxes 
help assess various time segments of a day, broken 
into Morning, Afternoon, Evening and Night 
(Figure 14B).

|| Logbook: For those who want more detail into 
Basal:IQ’s PLGS, the Logbook can be found at 
the bottom of this and other reports. The vari-
ous basal modulations per hour are shown. A 
straight arrow in a time block indicates that no 
adjustment was made to the hourly basal rate . 
(Figure 12B)

−− Activity Summary (Figure 15)—Four pie chart reports 
provide a breakdown of CGM readings, BG values, 
insulin delivery, and bolus usage summaries. Reports 
do not include any Basal:IQ detail.

With the release of Control:IQ, Tandem intends to update the 
Dashboard and Therapy Timeline reports. Updates will 
include:

−− Time in HCL
−− Time using Exercise or Sleep mode
−− Correction boluses in HCL (automated vs manual)
−− Basal profile comparisons between preset basal rates 

and HCL delivery
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Tidepool and the 670G and Tandem’s 
Basal:IQ

Until August 2018, patients using the Medtronic 670G were 
required to use Medtronic’s CareLink to download data. In 
August 2018, Tidepool added the ability to download 
Medtronic 630G, 640G, and 670G pumps with support for 
Auto Mode and PLGS.36 In October 2018 Tidepool launched 
support for Tandem’s Basal:IQ data. Tidepool displays the 
basal suspensions as well as Dexcom data from the t:slim X2 
pump.37

Tidepool Benefits include:

−− User-friendly interface
−− Daily detailed reports
−− Mac compatibility
−− Share features with clinics
−− One interface compatible with multiple pump 

manufacturers

For clinicians using Tidepool, the addition of closed-loop 
system compatibility provides a second option with perhaps 
wider operating system compatibility for patients (Figures 16 
and 17).

Monitoring the Do-It-Yourself Closed-
Loop Community

With JDRF announcing its support for Open Protocol 
Automated Insulin Delivery Devices,38 do-it-yourself (DIY) 
closed-loop pump users continue to increase in number. 
Providers may see patients running such systems in their 
practice. The current systems, OpenAPS39 and Loop40 and 
AndroidAPS41 use older generation Medtronic Paradigm 
pumps, Bluetooth-enabled pumps (Dana or Accu-Chek 
Combo), or Omnipod pumps, and connect them via radio fre-
quency and Bluetooth to an app on a smart phone, which 
runs an algorithm allowing patients to setup their own home-
made AID system if they have the required devices 

Figure 16.  Tidepool reports with the 670G in Auto Mode. (A) Daily Detail view. (B) Basal rate delivery interface. (C) Auto Mode exit 
interface.
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Figure 17.  Tidepool reports with the Tandem Basal:IQ. (A) Daily Detail view and time in range. (B) Basal rate delivery interface.

and technical know-how. DIY systems are not currently 
compatible with CareLink. At time of publication, Tidepool 
has released a beta version of its mobile app which will orga-
nize data from Loop and Apple HealthKit and makes pump 
and CGM data reviewable on its desktop platform. While 
there is no commercial support, users have been able to use 
the Nightscout platform to build websites which act as 
remote data repositories. Providers with patients using the 
Nightscout platform with their DIY systems should ask 
patients to share their Nightscout sites during clinic visits to 
review reports. The figures show example reports available 
on Nightscout with the use of Loop (Figure 18A-D).

•• Day to Day: depicts CGM tracing, meal boluses and 
carb entry, and the variable basal rates with AID

•• Daily Stats: Time in ranges, and standard deviation
•• Percentile chart: Modal day with interquartile range
•• Treatments: Detail of every action sent to the pump, 

similar to Data Table

Conclusion

This review focuses on the CGM analysis of the first AID 
systems. Table 1 compares Medtronic’s Carelink with 
Tidepool, Tandem, t:connect, and Nightscout. A step-by-
step method for reviewing AID pump and CGM reports is 
offered that provides a framework for reviewing reports 
from different manufacturers. Moving forward, lessons 
from the current systems can be extrapolated to the review 
of CGM of future AID pumps. Those include careful com-
parisons between AID driven basal patterns versus the pre-
programmed basal rate, investigating reasons for exiting 
closed-loop, patterns of automated correction doses or the 
use of a fake carb bolus in lieu of corrections, and being 
mindful for sensor-calibration mismatch. As more systems 
come to market in the future, there is continued need for 
streamlining of reports between device manufacturers and 
for providers to be able to interpret reports of these 
systems.
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Figure 18.  Nightscout report for DIY closed-loop pump. (A) Day-to-day report and AID basal (blue) seen in daily report. (B) Daily 
stats. (C) Percentile chart (modal day). (D) Treatments.
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