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Objective: We report a case series of 4 patients with type 1 diabetes who used hybrid closed-loop insulin
pumps (Medtronic MiniMed 670 G) during hospitalization.
Methods: Clinical data and point-of-care glucose values are presented for each patient. Glucose values
are shown graphically while in manual mode as well as in auto mode.
Results: The first case was a 30-year-old man admitted for pancreatitis. Mean point-of-care blood glucose
was 165.7 mg/dL while in auto mode, without hypoglycemia, compared with 221 mg/dL while in manual
mode. The second case was a 28-year-old woman who was admitted for a laparoscopic cholecystectomy.
Mean point-of-care blood glucose in auto mode was 131.3 mg/dL, without hypoglycemia, compared with
117.6 mg/dL while in manual mode. The third case was a 46-year-old man admitted to the intensive care
unit for influenzal pneumonia. Mean point-of-care blood glucose in auto mode was 159.1 mg/dL without
hypoglycemia, compared with 218.5 mg/dL while in manual mode. The fourth case was a 60-year-old
man who remained in auto mode throughout his hospitalization except for a period when he removed
his pump for an endoscopic retrograde cholangiopancreatography and endoscopic ultrasound. His mean
point-of-care blood glucose while in auto mode was 156.8 mg/dL without hypoglycemia.
Conclusion: These case reports support the use of hybrid closed-loop insulin-pump therapy in the
inpatient setting to maintain inpatient glycemic targets and avoid hypoglycemia when part of an
institution-sanctioned strategy for safe use of insulin pumps that includes point-of-care blood glucose
monitoring.
© 2021 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Continuous subcutaneous insulin infusion commonly referred
to as insulin-pump therapy, uses a portable electromechanical
pump to continuously infuse insulin into the subcutaneous tissue at
preselected rates. Despite limited data, insulin-pump therapy has
been shown to be a safe and effective alternative to more tradi-
tional therapies.1 Currently approved by the US Food and Drug
Administration (FDA) for outpatient treatment of both type 1 and
FDA, Food and Drug Admin-
ute relative difference; T1DM,
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type 2 diabetes, use of insulin-pump therapy has increased and is
frequently encountered when patients are admitted to acute care
settings.2,3 The American Diabetes Association and the American
Association of Clinical Endocrinologists support the use of insulin-
pump therapy in hospital settings when patient and clinical staff
agree that continued use is safe and appropriate.

In 2016, the FDA approved a hybrid closed-loop (HCL) insulin-
pump system, the Medtronic MiniMed 670 G.4 This technology
utilizes an insulin pump programed with an algorithm to admin-
ister micro boluses of insulin for basal insulin requirements based
upon glucose values transmitted from a continuous glucose
monitor (CGM).5 Rather than preset rates, the basal rates auto-
matically change in response to the CGM data. Bolus doses for
meals and correction require manual entry. It can suspend insulin
delivery if sensor data fall below or are predicted to fall below
threshold values which reduces the risk of hypoglycemia. In 2019,
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Fig. 1. Glucose trends for for case 1.
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the FDA cleared the Tandem Control-IQ HCL system.6 This system
uses an algorithm to increase basal rates; deliver automated
correction boluses; suspend before low blood glucose; and inten-
sify basal rates.7

The mean absolute relative difference (MARD) is a common
metric used to assess CGM accuracy. MARD is the mean of the
absolute error between CGM readings and reference values. A low
percentage (<10%) indicates that the CGM readings are close to the
reference glucose value and a higher percentage indicates larger
discrepancies between them.8 The Medtronic MiniMed 670 G uses
the Medtronic Guardian sensor which has a MARD of 9.6%.9 The
Tandem Control-IQ HCL system uses Dexcom G6 CGM which has a
MARD of 9%.10

In HCL systems, basal rates are automatically adjusted and can
only be evaluated with retrospective download of data. Use of HCL
insulin pumps in the inpatient setting becomes a challenge for
documenting basal rates according to standards defined byThe Joint
Commission Certification in Advanced Inpatient Diabetes Care.11

Generally, patients who choose to use HCL insulin pumps are
savvy, so continued use requires a cooperative effort with the staff.
Patients partner with nurses so that bolus doses can be entered into
the electronicmedical recordby the nursing staff. Despite continued
development and rising use of HCL insulin pumps, there are no
guidelines or outcome data regarding the safety of HCL insulin
pumps in the hospital setting where acute illness, medications and
invasive procedures challenge glycemic management.

In an effort to investigate the safety and efficacy of HCL insulin
pumps, we report 4 cases with different causes for admission. In
each case, the patient continued using the HCL feature of the
Medtronic MiniMed 670G insulin pump after meeting the in-
stitution’s criteria for insulin pump therapy. Safety and efficacy
were defined in terms of number of hypoglycemic events
throughout hospitalization as well as the mean and range of
intermittent point-of-care blood glucose values compared to the
glycemic target of 140 to 180 mg/dL.12

Case Series

Case 1was a 30-year-oldmanwith type 1 diabetes (T1DM) for 27
years and treated for 2 years using the HCL feature of his insulin
185
pump. He was admitted with perforated appendicitis. Initially, the
patient’s CGM sensor was removed prior to imaging testing and the
insulin pump was in manual mode. During this time period, there
was greater glycemic variability. The mean point-of-care blood
glucosewith insulin pump set in HCLmodewas 165.7mg/dL (range,
79-262mg/dL)withnohypoglycemia. Themeanpoint-of-care blood
glucose inmanualmodewas221mg/dL (range,179-264mg/dL)with
no hypoglycemia. Blood glucose values are shown in Fig. 1.

Case 2 was a 28-year-old woman with T1DM for 11 years who
was admitted with gallstone pancreatitis 5 weeks postpartum.
Imaging demonstrated gallbladder calculi, and she underwent a
laparoscopic cholecystectomy. She used insulin-pump therapy
throughout her pregnancy and transitioned to the HCL feature 1
week prior to the surgical admission. She transitioned from HCL to
manual mode prior to magnetic resonance cholangiopancreatog-
raphy. The insulin pump remained in manual mode with a tem-
porary basal rate of 80% of her preprogrammed basal rates during
surgery. She restarted the HCL feature when she could safely
manipulate the pump. The mean point-of-care blood glucose in
HCL mode was 131.3 mg/dL (range, 94-214 mg/dL) with no hypo-
glycemia. The mean point-of-care glucose in manual mode was
117.6 mg/dL (range, 83-130 mg/dL) with no hypoglycemia. Blood
glucose values are shown in Fig. 2.

Case 3 was a 46-year-old man with chronic stage III kidney
disease, hypothyroidism, and T1DM for 16 years and treated using
HCL insulin therapy for 2 years. He was admitted to the intensive
care unit for influenzal pneumonia. His blood glucose remained in
the target range throughout his hospitalization with the exception
of 1 day when his insulin pump was changed to manual mode to
allow him to change the CGM site. The mean point-of-care blood
glucose in HCL modewas 159.1 mg/dL (range, 115- 230mg/dL) with
no hypoglycemia. The mean point-of-care glucose in manual mode
was 218.5 mg/dL with no hypoglycemia. Blood glucose values are
shown in Fig. 3.

Case 4 was a 60-year-old manwith T1DM for 7 years and treated
using HCL therapy for 3 years. The patient had a history of meta-
static pancreatic cancer and presented with recurrent fevers,
nausea, and abdominal pain. He used the HCL feature throughout
his hospital stay except when he briefly removed his insulin pump
for a combined endoscopic retrograde cholangiopancreatography
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Fig. 2. Glucose trends for case 2.

Fig. 3. Glucose trends for case 3.
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and endoscopic ultrasound. The mean point-of-care blood glucose
in HCL mode was 156.8 mg/dL (range, 126 -302 mg/dL) with no
hypoglycemia. Blood glucose values are shown in Fig. 4.

Discussion

The 4 cases presented demonstrate that use of a HCL system in
the hospital is both safe and effective as demonstrated by an
overwhelming majority of glucose values in target range and the
absence of hypoglycemia. Despite the increasing use of insulin-
pump therapy, there are currently no guidelines for use of an HCL
system in the hospital setting. In an effort to investigate the safety
186
and efficacy of HCL insulin pumps, we report 4 cases with different
causes for admission where the patients used the HCL feature of
their insulin pumps. They were treated at NYU Langone Health-
Long Island which has an institution-sanctioned insulin-pump
policy in line with insulin-pump standards and requirements of
Joint Commission Certification. The policy requires all patients to
sign an insulin-pump agreement and to have oversight by an
endocrinologist. Required documentation includes the patient’s
ability to safely manage the insulin pump, an order for insulin-
pump therapy including basal rates and bolus doses, condition
and location of insertions sites, and frequency and date of insertion
site changes.11
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The percentage of admitted patients using insulin pumps is
unknown. The Type 1 Diabetes Exchange noted that use of pump
therapy increased from 57% in 2010-2012 to 63% in 2016-2018.13

The use of insulin pumps is expected to continue to increase, as
pump therapy has demonstrated improvements in several impor-
tant parameters including increasing time spent in the target range
and decreasing hypoglycemic episodes.13 Cook et al14 studied open-
loop insulin-pump therapy in 253 hospital cases (136 unique pa-
tients; 82% T1DM). Of the 253 hospitalizations, 164 (65%) continued
using open-loop pump therapy, 50 (20%) intermittently used pump
therapy and 38 (15%) discontinued pump therapy. Mean glucose
was not significantly different among those who remained
compared with those who discontinued. However, episodes of
hyperglycemia (>300 mg/dL) and hypoglycemia (<40 mg/dL) were
significantly less common in those who continued insulin-pump
therapy. In a small study, Lee et al15 demonstrated that continued
use of insulin-pump therapy during hospitalization improved pa-
tient satisfaction scores. Beyond the obvious benefits of patient
satisfaction, there are financial benefits, as patient satisfaction
scores are linked to the Center for Medicare and Medicaid Services
hospital payments.

To date, a few studies have addressed use of HCL insulin pumps
to manage type 2 diabetes in the inpatient setting. Among in-
patients with type 2 diabetes receiving noncritical care, the use of
an automated, closed-loop insulin delivery system that is not
commercially available resulted in significantly greater time-in-
range (100-180 mg/dL) than conventional subcutaneous insulin
therapy, without a higher risk of hypoglycemia.16 This study
confirmed the results of the initial pilot study conducted without
meal-time bolus dosing.17

Continuous Glucose Monitoring in the Inpatient Setting

It is important to distinguish the role of CGM data in HCL sys-
tems from using CGM data for inpatient subcutaneous insulin
dosing. CGM data are generally not approved for insulin dosing in
inpatient settings, so insulin dosing decisions are made based on
the institution’s point-of-care blood glucosemeter data.18 However,
187
in HCL insulin-pump systems, CGM data are fed into the algorithm
that drives the insulin-pump adjustments. As our cases demon-
strate, the CGM data in tandem with the algorithm can support
inpatient glycemic targets. An important shift occurred In April
2020, when both Dexcom and Abbott received feedback from the
FDA that the agency would not object to use of CGM devices in
hospitalized patients during COVID-19 related efforts, with the
hope that CGM data could reduce hospital staff exposure and use of
personal protective equipment.19,20 This has led to a number of
accelerated clinical trial reports and publications providing guid-
ance on the use of CGM in hospital settings.21 Fortmann et al22

reported on a subset of a large, statistically powered randomized
controlled trial in an effort to provide immediate data to hospital
systems implementing use of Dexcom G6. They reported the
beneficial trends of real-time continuous glucose monitoring in a
noncritical care setting including lower mean glucose and higher
time-in-range compared with usual care in patients with type 2
diabetes. In a study that paired real-time CGM with a telemetry
system that wirelessly transmitted CGM glucose values from the
bedside to a centralized monitor and demonstrated decreased hy-
poglycemia in high-risk insulin-treated patients with type 2 dia-
betes, Singh et al23 halted their trial shortly after the interim
analysis to allow for widespread dissemination in the context of the
COVID-19 pandemic.

There is also evidence to suggest that use of CGM data by adult
patients in noncritical care settings potentially detects both hypo-
and hyperglycemia that would have been missed by intermittent
point-of-care monitoring.18 However, there are no data concerning
the accuracy of inpatient CGM data due to physiologic interferences
in critical care settings such as edema.

Conclusion

We described 4 cases with different reasons for admission in
which HCL insulin-pump therapy was used successfully. For those
patients using HCL systems who meet the criteria to continue
insulin-pump therapy, discontinuing the closed-loop mode no
longer serves as an option that patients will tolerate. Until well-
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powered trials are conducted, these case reports support HCL
insulin-pump therapy in the inpatient setting to maintain inpatient
glycemic targets and avoid hypoglycemia when part of an
institution-sanctioned strategy for safe use of insulin pumps that
includes point-of-care blood glucose monitoring.
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