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Abstract

The usefulness and safety of continuous glucose monitoring (CGM) systems in adult patients with severe coronavirus disease
(COVID-19) have been reported. Using CGM might reduce the exposure patients and healthcare workers to COVID-19 and
limit the use of personal protective equipment during the pandemic. CGM devices measure glucose in the subcutaneous
interstitial fluid, but the accuracy of this technique has not been established in critically ill patients. The artificial pancreas,
STG-55 (Nikkiso, Tokyo), is a closed-loop device that conducts continuous blood glucose monitoring using a peripheral
vein. We used the STG-55 for glucose control in a 60-year-old woman with severe COVID-19 admitted to the intensive care
unit. Due to severe respiratory failure, the patient was intubated, and extracorporeal membrane oxygenation was introduced.
Because she had hyperglycemia despite high-dose intravenous insulin therapy, we decided to use STG-55 for glucose control.
The STG-55 safely titrated the insulin infusion and monitored glucose levels. Fifty-six hours after adopting the STG-55, it was
removed because the blood sampling failed. No episodes of hypoglycemia were observed despite deep sedation during this
period. In conclusion, this case demonstrates the potential utility of an artificial pancreas in patients with severe COVID-19.
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Introduction

In patients hospitalized with coronavirus disease (COVID-
19), dexamethasone use has been reported to yield lower
28-day mortality among those who received either inva-
sive mechanical ventilation or oxygen alone [1]. The use of
glucocorticoids can lead to severe hyperglycemia, associ-
ated with increased mortality in hospitalized patients with
COVID-19 [2]. Constant glucose monitoring can potentially
increase the exposure of healthcare workers to COVID-19.
To avoid this situation, studies have evaluated and reported
the usefulness and safety of continuous glucose monitoring
(CGM) systems [3—7]. CGM devices measure glucose in
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the subcutaneous interstitial fluid; however, this measure-
ment is affected by several factors in critically ill patients
[8]. The artificial pancreas, STG-55 (Nikkiso Co. Ltd.,
Tokyo, Japan), is a closed-loop device that performs con-
tinuous blood glucose monitoring using a peripheral vein
and maintains a target blood glucose level by administer-
ing insulin and glucose intravenously [9]. Herein, we report
the case of a critically ill patient with COVID-19 for whom
this device—STG-55—was used for monitoring and main-
tenance of glucose levels.

Case presentation

Written informed consent was obtained from the patient’s
husband for the publication of this case report.

A 60-year-old woman with chief complaints of fever,
dyspnea, and changes in smell and taste perception was
admitted to a local hospital. She was diagnosed with
COVID-19 and received intravenous steroid injections (dex-
amethasone, 6.6 mg/day) and favipiravir. Because hypoxic
respiratory failure progressed rapidly, she was intubated and
transferred to our hospital.
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She was started on parenteral nutrition therapy on day
1 of hospitalization at our institution and on enteral nutri-
tion therapy the following day. The total calories of nutri-
tion provided was gradually increased. Blood glucose levels
were measured by nurses eight times a day. In our hospital,
blood samples from COVID-19 patients are obtained via
the arterial line in the isolation room, and the samples were
then transferred outside the isolation room to measure blood
glucose levels using an arterial gas analyzer. The patient’s
blood glucose levels began to increase steadily and peaked at
321 mg/dL on day 3, after which intravenous insulin therapy
was initiated.

On day 8, due to poor oxygenation on mechanical ven-
tilation, we established right atrial drainage via the right
femoral vein and a right atrial return through the right inter-
nal jugular vein, and veno-venous extracorporeal mem-
brane oxygenation (ECMO) was introduced. The patient
received intravenous midazolam (10 mg/h), dexmedeto-
midine (52 pg/h), and fentanyl (75 pg/h) for sedation. The
Richmond Agitation-Sedation Scale (RASS) score was — 5.
At this point, she received 707 kcal of parenteral nutrition
and 509 kcal of enteral nutrition per day. Her glucose level
was 223 mg/dL despite insulin therapy at a dose of 3.8 U/h.
Thus, we decided to use the STG-55 for glucose control.

A 20-gauge peripheral catheter was inserted into an arm
vein under ultrasound guidance because the peripheral vein

Fig. 1 Bedside artificial pan-
creas with a closed-loop system
(STG-55). This photograph was
taken from an adjacent room
through a glass window. Blood
glucose levels are continuously
monitored and displayed (red
circle)

was invisible due to edema. The STG-55 was then con-
nected, and continuous blood glucose measurement and
automatic glucose control were started (Fig. 1). Intensiv-
ists and nurses were able to confirm the patient’s blood glu-
cose level by looking at the monitor of the STG-55 through
the window of an adjacent room. Insulin was infused from
the STG-55 automatically when the blood glucose level
reached 180 mg/dL or higher, and glucose was infused
from the device when the level fell to 100 mg/dL or lower.
The patient’s blood glucose levels were generally controlled
between 150 and 220 mg/dL because insulin was adminis-
tered at a maximum dose of approximately 10 U/h from the
STG-55. Blood glucose level measured by arterial blood gas
analyzer was almost similar to that measured by the STG-55.
The average percent difference between STG-55 and arterial
blood gas analyzer measurements was 9.2% (Fig. 2).

On day 11, the STG-55 was removed because blood sam-
pling failed frequently. During the 3 days that the artificial
pancreas was used, hypoglycemia did not occur despite deep
sedation. After the removal of the STG-55, intravenous insu-
lin therapy was initiated again at a dose of 1.8 U/h. The
insulin dose was appropriately titrated by the intensivist,
targeting a blood glucose level of 100-200 mg/dL. How-
ever, her blood glucose level began to increase steadily and
peaked at 275 mg/dL despite insulin therapy (4 U/h) on day
3 after removing STG-55.
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Fig.2 Blood glucose levels controlled by the artificial pancreas
(STG-55). The black line indicates blood glucose levels as measured
by the STG-55, and the black dot indicates blood glucose levels as
measured by blood sampling via an arterial line. The vertical gray
line indicates insulin infusion rate. Continuous blood glucose moni-

Discussion

The United States Food and Drug Administration issued a
policy to expand the availability and capability of noninva-
sive remote monitoring devices during the pandemic [10].
Previous studies have shown that CGM use might be feasi-
ble and reliable in reducing the frequency of point-of-care
glucose testing, patient and healthcare worker exposure, and
personal protective equipment (PPE) use during the pan-
demic [3, 4]. Although the usefulness of CGM has been
reported, the measured glucose levels have been inaccurate
because they are often influenced by agents commonly used
in critically ill patients, such as severe COVID-19 patients
[8]. In fact, van Hooijdonk et al. conducted a prospective
study to assess the point accuracy and reliability of a device
designed for continuous real-time monitoring of the inter-
stitial glucose level in a mixed medical-surgical ICU [11].
They concluded that the device had relatively low accu-
racy for glucose measurements in critically ill patients and
that an interstitial glucose sensor system could not replace
blood glucose level measurements in these patients. Several
guidelines have described that subcutaneous blood sampling
should be interpreted with caution [12, 13].
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toring was interrupted when blood sampling temporarily became
impaired due to peripheral vein collapse or catheter tip occlusion (*).
Automatic calibration was performed every 4 h (#). The STG-55 was
eventually removed because of repeated blood sampling failure

In contrast, when using STG-55, a 20-G catheter was
placed into a peripheral vein and a measurement tube for
the artificial pancreas was inserted into the lumen of the
catheter. Continuous blood sampling was performed through
the tube at a rate of 2 mL/h. The collected blood samples
were passed through a glucose sensor, which displayed
glucose levels in real-time after measuring them using the
glucose oxidase method [14]. In addition, by achieving the
target blood glucose levels preemptively, the optimal doses
of insulin and/or glucose were determined every minute
based on the device’s algorithm, and the management of
blood glucose levels was performed by the artificial pancreas
pump, which injected insulin and/or glucose automatically.
Previous studies have shown that STG-55 improves hyper-
glycemia and glycemic variability without causing hypogly-
cemia after cardiac surgery [15, 16]. Mibu et al. showed that
adopting the use of an artificial pancreas for the management
of blood glucose in the ICU reduces the number of blood
samples and overall workload for nurses when compared to
using the sliding-scale method [17]. Previous studies have
suggested that the use of CGM in critically ill patients with
COVID-19 might reduce the frequency of blood sampling
required and limit COVID-19 exposure risk to patients and
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healthcare workers [3, 4]. From these viewpoints, adopt-
ing the STG-55 for COVID-19 patients with deep sedation,
such as those requiring ECMO, might reduce the number
of admissions in the isolation room, exposure of healthcare
workers to COVID-19 infection, and usage of PPE.

Interrupted blood sampling is a major problem when
using the STG-55; its incidence is reported to be 5.2% [18].
This problem occurred in our case due to collapse of the
peripheral vein and occlusion of the catheter, both of which
can occur in some patients admitted to the ICU. Insertion of
a new intravenous catheter is required in such cases. Further-
more, the STG-55 cannot be used for blood glucose control
if a catheter cannot be placed into a peripheral vein because
of edema or obesity. Central venous (CV) catheters cannot
be used because the length of the measurement tube of the
STG-55 is too short when compared to the length of the
CV catheter. In the present case, the peripheral vein was
invisible due to edema, and the catheter had to be inserted
under ultrasound guidance. Therefore, improved measure-
ment methods, such as blood sampling from a CV catheter,
are required.

This case report had several limitations. First, we did not
measure the time or frequency of contact between healthcare
workers and patients for blood glucose control. In addition,
there was no change, at least, in the frequency of arterial
blood sampling before, during, and after the use of STG-
55 because arterial blood gas analysis was performed every
4 h during ECMO in our hospital. Therefore, it is not clear
whether the introduction of the STG-55 reduced contact
between patients and healthcare workers. Second, the STG-
55 was only used for 3 days. Thus, we could not conclude
whether the introduction of the STG-55 will improve the
prognosis of patients with COVID-19. Finally, it was dif-
ficult for us to manage blood glucose control after remov-
ing STG-55. We recognize blood glucose management after
STG-55 removal, such as utilizing insulin infusion rate infor-
mation obtained while using the STG-55, as a future issue.

In conclusion, this case demonstrates the potential utility
of an artificial pancreas in patients with severe COVID-19.
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