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Endocrinology and Metabolic

Unusual or unexpected effect of treatment

Hypoglycemia is a frequent complication observed in diabetic patients under treatment. This metabolic compli-
cation is associated with an increased mortality rate in diabetic patients. The use of sensor-augmented pump
therapy with predictive low glucose management systems has improved blood glucose level control and re-
duced the incidence of hypoglycemic attacks. However, this therapy may be associated with adverse events.
A 65-year-old Japanese woman with type 1 diabetes mellitus underwent hemodialysis with end-stage renal
failure due to diabetic nephropathy. The patient received sensor-augmented pump therapy with the predic-
tive low glucose management system to prevent recurrent severe hypoglycemia. Hypoglycemia was infrequent
when the sensor-augmented pump therapy with a predictive low-glucose management system was proper-
ly working. However, the patient suddenly died 3 months after starting the treatment. A record of continuous
glucose monitoring showed that hypoglycemia occurred before the sudden death of the patient.

The current case shows that sudden death associated with severe hypoglycemia may also occur during sen-
sor-augmented pump therapy with a predictive low glucose management system. This case report underscores
the need for close follow-up of diabetic patients receiving sensor-augmented pump therapy with the predic-
tive low glucose management system and the critical importance of patient education on diabetes technology
in high-risk patients.
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Background

Previous studies reported hypoglycemia associated with an
increased mortality rate in diabetic patients [1, 2]. Prevention
of hypoglycemia is critical in the medical care of patients with
diabetes mellitus treated with insulin [2]. In general, patients
with type 1 diabetes mellitus under insulin therapy frequent-
ly develop insulinopenia that predisposes them to hypoglyce-
mia [3]. Several studies have shown the benefit of continuous
glucose monitoring sensors for reducing the incidence of hy-
poglycemia in patients at risk [4-6]. In recent years, the use
of sensor-augmented pump (SAP) therapy with the predictive
low glucose management (PLGM) system has improved the
control of glycemia and reduced the incidence of hypoglyce-
mic attacks [7]. However, reports show that this novel thera-
peutic approach does not entirely prevent bouts of hypogly-
cemia [8]. Here, we report a case of sudden death associated
with hypoglycemia after an indication of SAP therapy with the
PLGM function. The case was a patient with type 1 diabet-
ic patient and multiple microvascular complications, includ-
ing end-stage renal failure. Tanenberg et al. reported the first
case of sudden death using a retrospective continuous glucose
monitoring system (CGM) [9]. Here, we report the first case
of sudden death during SAP therapy with the PLGM system.
This case report shows the need for close follow-up of diabet-
ic patients receiving SAP therapy with the PLGM system and
the critical importance of patient education on diabetes tech-
nology in high-risk patients.

Case Report

The patient was a 65-year-old Japanese woman with type 1 di-
abetes mellitus. She was diagnosed with type 1 diabetes mel-
litus when she was 32 years old after complaining of thirst
and frequent urination. She underwent bilateral vitrectomy
and photocoagulation for diabetes retinopathy at the age of
43 years. She started hemodialysis at the age of 59 years due
to end-stage renal disease caused by diabetic nephropathy.
She had no family history of diabetes mellitus or renal dis-
eases. She has been on medication for arterial hypertension
since age 47 years and Hashimoto’s thyroiditis with hypothy-
roidism since age 58 years. She underwent C4-7 anterior cer-
vical discectomy and fusion when she was 63 years old. She
had no allergy to any food or drug and no habit of drinking
or smoking. She was receiving treatment with multiple daily
injections (MDI) of insulin. However, she had repeated hospi-
tal admissions because of frequent crises of hyperglycemia or
hypoglycemia. At the age of 56 years, she started treatment
with continuous subcutaneous insulin infusion (CSIl) at Mie
University Hospital (MiniMed Paradigm 722, Medtronic, Inc.,
Northridge, CA, USA). However, it was difficult for her to oper-
ate the device. Therefore, the attending physician re-indicated
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MDI therapy 4 months after starting CSII. The physician indi-
cated intermittently scanned-continuous glucose monitoring
(isCGM) 16 months before initiating SAP therapy. The result
of the isCGM suggested the presence of repeated hypoglyce-
mia. She was transferred to the hospital for severe hypogly-
cemic attacks 3 times in 6 months and was hospitalized twice
before starting SAP therapy. Because appropriate treatment
with MDI was not possible, we indicated SAP therapy with
PLGM function after her admission to Mie University Hospital.

The treatment for diabetes that the patient was receiving be-
fore admission was insulin lispro 3 U before every meal and
insulin degludec 5 U before breakfast. The clinical examination
on admission showed loss of bilateral Achilles tendon reflex
and decreased vibration sensation, suggesting diabetic neu-
ropathy. Electrocardiography showed a left axis deviation and
no arrhythmia. The coefficient of variation of R-R was 0.93%.
We started SAP therapy with the PLGM function after admis-
sion (MiniMed™ 640G system, including MiniMed™ 640 insu-
lin pump and Enlite sensor, Medtronic, Inc., Northridge, CA,
USA). In patients with diabetic retinopathy-related visual im-
pairment and poor fine-motor skills caused by diabetic neurop-
athy and cervical spondylosis, we consider use of the infusion
set and Enlite sensor to be risky. However, the present patient
learned to perform the procedures after receiving support from
the medical staff. Infusion of insulin lispro through an insulin
pump was performed based on the following setting condi-
tions: basal pattern 0: 00-6: 00 0.125 U/hour, 6: 00-12: 00 0.2
U/hour, 12: 00-20: 00 0.1 U/hour, 20: 00-0: 00 0.125 U/hour
(3.25 U/day), bolus 1.8 U/every meal, target blood glucose
70-180 mg/dL, with the limit glucose level of “suspend on low”
and “suspend before low” of 70 mg/dL. We focused our atten-
tion on improving the patient’s ability to operate the device
and preventing insulin infusion during hypoglycemia by the
PLGM system. Therefore, we did no set up the insulin/correc-
tional factor on the insulin pump. She learned to self-adjust her
bolus insulin to 2.0-4.5 U depending on the preprandial blood
glucose levels. The setting of basal insulin was reduced during
follow-up at the outpatient clinic as follows: 0: 00-6: 00 0.075
U/hour, 6: 00-12: 00 0.2 U/hour, 12: 00-20: 00 0.1 U/hour,
20: 00-0: 00 0.125 U/hour, (2.95 U/day). The patient received
instructions to check her blood glucose and take a 10-g solu-
tion of glucose orally when she had hypoglycemia symptoms
or when the PLGM system was activated. She was referred
to the hospital with severe hypoglycemia 3 times, once im-
mediately after SAP therapy and twice 2 months after start-
ing SAP therapy. Administrations of glucose at the Emergency
Room promptly improved her hypoglycemia without the need
for hospitalization during the 3 emergent adverse events. The
first severe hypoglycemia occurred immediately following
the bolus infusion after suspending the basal insulin by the
PLGM function (Figure 1A). The second severe hypoglycemia
event occurred when the patient mistakenly set the device on
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Figure 1. The CGM of the patient. (A-C) CGM data on the day of patient referral to our Emergency Room due to hypoglycemia after
starting SAP therapy with the PLGM function. The values on the graph of the sensor glucose levels show the blood glucose
level measured by self-monitoring blood glucose. The values on the graph of basal insulin infusion show the units of insulin
used for bolus infusion. (D) CGM data during the last 5 days before the sudden death of the patient.

“Airplane Mode”, during which the pump is unable to send or
receive wireless communications (Figure 1B). The third hypo-
glycemic event occurred when the PLGM function was unable
to work due to contact failure of the Enlite sensor (Figure 1C).

The night before her sudden death, the patient underwent
her regular hemodialysis session at the nearby hospital. After
returning home, she infused her preprandial bolus of insulin.
However, she did not eat her dinner (the food remained un-
eaten when a neighbor found her lying on the floor). The pa-
tient was immediately transferred to the hospital. However,
she had a cardiopulmonary arrest on arrival and died without
responding to resuscitation procedures. There were no specif-
ic findings on the computed tomography scan to explain the
cause of death. The record of her CGM collected subsequent-
ly showed that a 2.5-U bolus insulin was infused immediately
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after suspension of the basal insulin by the PLGM function.
The record also revealed that the blood glucose level was low
for about 5 hours after a bolus infusion of insulin, which then
increased (Figure 1D). The daily average time below the range
(TBR) of the blood glucose levels during 28 days before her
death was 3%. Permission was not given to perform an autopsy.

Discussion

Hypoglycemia is a frequent complication of diabetes thera-
py [10]. Hypoglycemia is defined by the presence of a low
plasma glucose level (<70 mg/dl in patients treated with in-
sulin or insulin secretagogue), neurogenic and neuroglycope-
nic symptoms, and symptoms that ameliorate after carbohy-
drate administration. Patients with type 1 diabetes treated
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with hypoglycemic agents are at high risk of developing hy-
poglycemia [3]. Also, an increased incidence of hypoglycemia
may contribute to increased mortality in diabetic patients [1].
Several studies have shown that isCGM and SAP therapy with
or without the PLGM function can efficiently prevent hypogly-
cemia [7,8,11]. We indicated the use of SAP therapy with the
PLGM system to our patient because she had repeated hypo-
glycemic attacks even with the simultaneous use of MDI and
isSCGM. After starting SAP therapy with the PLGM function, she
experienced 3 events of severe hypoglycemia. However, ex-
cept for the first event, the hypoglycemic attack occurred only
when the PLGM function was improperly working. Despite the
adverse events, the patient felt satisfied and better after start-
ing the SAP therapy with the PLGM function.

The scenario preceding the sudden death of the patient sug-
gests that she had severe hypoglycemia. The patient had in-
fused her preprandial insulin before a neighbor found her ly-
ing on the floor, and the dinner food remained uneaten. Also,
impaired gluconeogenesis caused by end-stage renal failure
probably further worsened her hypoglycemic state by delay-
ing recovery from hypoglycemia by the PGLM function [12].
According to the CGM data, the duration of hypoglycemia be-
fore her death was approximately 5 hours. Prolonged hypogly-
cemia can lead to encephalopathy, brainstem damage, cardio-
respiratory arrest, and death [13,14]. Prolonged hypoglycemia
can also cause severe arrhythmia and ischemic cardiovascu-
lar attacks [10]. However, the accuracy of CGM glucose levels
during cardiopulmonary resuscitation setting is doubtful [15].
Therefore, whether hypoglycemia caused the patient’s sudden
death remains unclear.

This case highlights the need for rigorous criteria to indicate
diabetes technology and ensure its application is safe and
effective. Patient education is an essential part of the crite-
ria [16]. For example, all 4 severe hypoglycemic episodes our
patient had after the SAP initiation occurred after the insulin
bolus. The first hypoglycemic episode (induced by bolus infu-
sion after basal insulin suspension) and the fourth hypoglyce-
mic episode (related to lack of food intake after insulin bolus)
particularly underscore the patient’s inability to self-manage-
ment insulin use and the importance of patient education be-
fore SAP indication [16]. A safe device setting with glucose
level alarms that efficiently alert during hypoglycemia is also
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of critical importance [17,18]. In the present case, the alarm
was triggered when the glucose concentration was less than
70 mg/dl. Whether a stricter criterion is necessary for patients
unable to master the technology entirely is a question to ad-
dress in future investigations. It is worth noting that increas-
ing evidence has shown that CGM underestimates the degree
of hypoglycemia, suggesting that CGM may worsen the sever-
ity and delay the treatment of hypoglycemia [19].

Recent studies suggested using CGM metrics, including TBR, as
a therapeutic goal in patients with diabetes mellitus [20,21].
The International Consensus recommends a target for TBR
(<70 mg/dL) of <1% in the elderly/high-risk population [20].
The recommended therapeutic goal for TBR was not achieved
in the present case. This observation underscores the critical
importance of reaching the therapeutic target for TBR of <1%
in high-risk diabetic patients.

In summary, we learned from this case that we should be very
careful when indicating the use of SAP therapy with the PLGM
system in diabetic patients with multiple complications. The
present patient had severe hypoglycemia following a prepran-
dial bolus infusion of insulin immediately after suspension of
the basal insulin by the PLGM function. Therefore, careful mon-
itoring of the insulin bolus infusion after the PLGM function
and patient education on diabetes technology are critical for
achieving therapeutic goals and improving clinical outcomes
in high-risk diabetic patients.

Conclusions

This report is the first description of sudden death associat-
ed with severe hypoglycemia in a patient with type 1 diabe-
tes mellitus receiving SAP therapy with the PLGM system. SAP
therapy with the PLGM function may be an appropriate ap-
proach for treating patients with frequent and severe hypogly-
cemic attacks. However, this case shows that sudden death as-
sociated with severe hypoglycemia can also occur during SAP
therapy with the PLGM system. This case report underscores
the need for close follow-up of diabetic patients receiving SAP
therapy with the PLGM system and the critical importance of
patient education on diabetes technology in high-risk patients.
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