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ABSTRACT

Hyperglycaemia upon admission is a pathophysiological
response to acute brain ischemia that has been
independently associated with high mortality rate and
poor prognosis. Glycaemic variability (GV) has also
shown association with poor clinical outcomes among
stroke patients. GV is best assessed by continuous
glucose monitoring (CGM), which enables consecutives
glucose measurements every 5 minutes. This pilot study
aimed: 1) To describe safety, feasibility and tolerability
of CGM in the acute stroke setting; and 2) To compare
CGM and conventional FS glucose-based monitoring
regimen in terms of their relationship with GUA and the
accuracy of hypoglycaemic episodes detection. Safety,
feasibility and tolerability of CGM was excellent in our
cohort of 23 patients with acute stroke (61% ischemic
and 39% intracerebral haemorrhage) and there were no
adverse events. CGM recorded ten hypoglycaemic
episodes that were not detected by conventional FS
monitoring. GUA was associated with coefficient of
variation (CV) of CGM (p=0.03), CV of FS (p=0.01),
standard deviation (SD) of CGM (p-value=0.01) and
mean amplitude of glucose excursions (MAGE) (p-
value=0.001).

Keywords: acute stroke, glycaemic variability,
continuous glucose monitoring, hypoglycaemia.

1. INTRODUCTION

Hyperglycaemia is a common phenomenon in critically
ill patients (Kruyt et al. 2010). Both diabetic and non-
diabetic acute ischemic stroke (IS) and intracerebral
haemorrhage (ICH) patients commonly manifest high
glucose levels upon admission (Siegelaar et al. 2011).
Admission hyperglycaemia is independently associated
with worse clinical outcomes, such as early neurological
deterioration, IS haemorrhagic transformation, a more
than threefold increase in the 30-day mortality rate, and
poor 90-day functional status (Capes et al. 2001, Seners
et al. 2015, Paciaroni et al. 2009). These associations
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remain true regardless of stroke subtype, stroke severity,
or diagnosis of diabetes (Poppe et al. 2009). Peaks in
glycaemia lead to an overproduction of superoxide
radicals and activation of oxidative stress that result in
neurodegeneration and endothelial dysfunction. Current
glucose monitoring protocols used in acute stroke
clinical practice and clinical trials consist of serum
glucose upon admission (GUA) followed by finger-stick
(FS) glucose every 6 hours (4 glucose measurements per
day) during the first 1-2 days (Yoo et al. 2014, Fuentes
et al. 2009) with reactive adjustment of glucose levels by
insulin administration. Intensive glycaemic monitoring
and corrective protocols with more frequent glucose
measurements have also been tested in clinical trials,
which have failed to achieve better clinical outcomes
despite achieving their primary target of significantly
lowering mean serum glucose (Godoy 2010, Gray et al.
2007, Staszewski et al. 2011, Kreisel et al. 2009,
Johnston et al. 2019). Additionally, all glucose-lowering
trials in acute stroke resulted in substantial increase in
hypoglycaemic episodes (Gray et al. 2007, Staszewski et
al. 2011, Kreisel et al. 2009). Similarly to
hyperglycaemia, hypoglycaemia adversely affects the
acutely injured brain tissue (Rabinstein 2009).
Glycaemic nadirs cause the release of counter-regulatory
hormones such as norepinephrine and epinephrine
inducing vasoconstriction and platelet aggregation
(Eslami et al. 2011).

In addition to hyperglycaemia and hypoglycaemia,
glycaemic variability (GV) has emerged as a third
component of dysglycaemia (Monnier 2008). Glycaemic
oscillations measured by blood glucose coefficient of
variation (CV) are associated with high mortality rate in
ICU patients. Detrimental effects are more profound in
non-diabetics and are independent of age, illness
severity, comorbidities, and hypoglycaemia (Lanspa et
al. 2014). The mechanism of this association is unclear,
but it is possible that diabetic patients receive insulin
more frequently, which might confer benefits
independent of glycaemic control (Falciglia et al. 2009).
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Another hypothesis is that chronic diabetic patients may
be conditioned to glucose fluctuations with periods of
extreme hyperglycaemia (Graham et al. 2010). GV is
best assessed by continuous glucose monitoring (CGM).
For instance, area under the curve more than 144mg/dL
of CGM glucose during the first 72 hours post-stroke was
associated with death or dependency at 3 months (Wada
Shinichi et al. 2018). CGM enables repeated
measurements of interstitial glucose in 5-minute
intervals. CGM offers more accurate and timely
glycaemic monitoring as compared to even hourly
glucose FS monitoring regimens that come with
significant  patient discomfort from repeated FS
punctures and mobilization of resources and personnel
(Egi et al. 2009).

Thus, CGM s an attractive glucose monitoring method
that is already in use by community-dwelling diabetics.
However, CGM presents some technical limitations.
Regarding the calibration of the device with 4 FS
measurements per day, it is possible to introduce an error
if the capillary glucose level is recorded after exercise or
meals, where rapid changes in glucose levels
(>2mg/dL/min) may occur. In addition, the accuracy of
the CGM decreases during the first 24 hours after its
insertion, due to reactive local inflammation (Zijlstra et
al. 2013). Its safety, feasibility, tolerability in the acute
stroke setting has not been thoroughly tested and it is not
known whether its theoretical advantage over
conventional glucose monitoring methods translates into
a practical benefit.

This pilot study aimed to assess safety, feasibility and
tolerability of CGM in the acute stroke setting and
compared CGM and conventional FS glucose-based
monitoring regimen in terms of their relationship with
GUA and the accuracy of detecting hypoglycaemic
events.

2. METHODS

This was a prospective, single centre observational study.
Consecutive adults with acute IS or ICH presenting
within 48 hours of symptom onset and admitted to the
stroke service or NeurolCU at Beth Israel Deaconess
Medical Centre (BIDMC) were included. Eligible
participants signed an informed consent approved by the
BIDMC Committee on Clinical Investigations and were
enrolled. Informed consent was obtained by subject’s
surrogate if the subject was unable to consent. Diagnosis
of IS or ICH was confirmed by appropriate clinical and
imaging criteria. All consenting participants underwent
CGM for 72 hours or until discharge (whichever
occurred first). Demographic characteristics, past
medical history, National Institute of Health Stroke
Score (NIHSS) and laboratory tests including
Haemoglobin Alc, lipid panel, white blood cells count
(WBC), and blood glucose on admission were collected
from medical records. For ICH patients, the haemorrhage
volume (cm®) was computed. All patients received the
standard of care glucose FS monitoring every six hours
with appropriate correction with sliding scale insulin
according to hospital protocol. Feeding was started

according to hospital guidelines and the judgement of
treating physician and swallow therapist. Adverse events
and CGM discontinuation were recorded.

2.1 Continuous glucose monitoring (CGM)

This study used CGM - Medtronic MiniMed, Northridge,
CA, which is a portable and minimal invasive
subcutaneous device that measures interstitial blood
glucose every five minutes(Signal et al. 2010). CGM
device requires to be calibrated with four glucose FS
measurements per day. It utilizes an enzymatic
technology using oxygen as a cofactor with subsequent
release of an electron per glucose molecule. Electrons are
transferred to an electrode generating an electric current,
which is translated into a glucose value(Vaddiraju et al.
2010). Intra-day GV was assessed by the mean amplitude
of glucose excursions (MAGE) and the standard
deviation (SD) around the mean CGM glucose values.
SD is considered the “gold standard” CGM metric and
takes into account all fluctuations during CGM recording
equally, whereas MAGE accounts only for major intra-
day oscillations (Weber 2009). CGM indices were
calculated using the EasyGV calculator version 9.0 (Hill
2010).

2.2 Glucose parameters

- Mean FS: is the mean of all glucose recordings by
conventional FS glucose monitoring per subject.

- Mean CGM: is the mean of all glucose readings
from the CGM per subject.

- SD: is a measure of the variability around the mean
of all glucose values from the CGM per subject.

- CV:is the SD over the mean glucose value from
CGM and FS, expressed as a percentage. A CV of
less than 36% has been shown to distinguish stable
from unstable glucose homeostasis(Monnier et al.
2017).

- MAGE: is the sum of the differences from peaks to
nadirs divided by the total number of glucose
values. The difference is only considered when
greater than 1 SD of the mean in a 24-hour period
(Weber and Schnell 2009).

- Hypoglycaemic episode: at least 4 consecutive
measurements (15 minutes) (Danne et al. 2017) of
glucose readings below 70 mg/dL using CGM
(American Diabetes Association 2019).

- Hyperglycaemia duration: time period of glucose
readings above 180 mg/dL over total recording time
using CGM, expressed as a percentage.

2.3 Statistical analysis

Baseline contingency table was generated to describe
demographic, clinical characteristics (past medical
history, lipid panel, WBC, and severity of stroke upon
admission) and glucose parameters (serum GUA, CGM
indices and glucose FS). Continuous variables are
expressed as mean + SD and range, whereas categorical
variables are expressed as total number (N) and
percentages (%). Hypoglycaemic episodes and
hyperglycaemia duration were calculated. Univariable
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analysis using simple linear models was used to
determine the unadjusted association between serum
GUA as predictor and GV metrics such as CV of FS, CV
of CGM, SD and MAGE as outcomes. Statistical
significance was set at p-value <0.05 and all statistical
analyses were performed using SAS 9.4 software.

3. RESULTS

Table 1 presents the baseline characteristics of our
cohort. 23 acute strokes (14 IS, 9 ICH), 12 (52%) men,
mean age 68+11.8 years. Most common comorbidities
were hypertension (65%) and dyslipidaemia (65%). The
majority of the cohort was classified as moderate stroke
severity on admission (NIHSS median=10 and IQR=15).
Mean GUA was 132mg/dL. CGM detected 10
hypoglycaemic episodes whereas none were detected
with FS. Lowest glucose level detected by FS was
78mg/dL and lowest mean FS was 89.5mg/dL.

Table 1. Baseline characteristics

15.60 £ 5.95
CV of CGM, %
8.12 - 30.25
14.89 + 8.27
CVof FS, %
3.73-33.52
20.61 £12.99
SD of CGM
9.62 - 66.36
45.62 +20.31
MAGE
16.04 - 104.22
Hypoglycaemic episodes 10
. i 9.23+23.03
Hyperglycaemia duration, %
0.00 - 80.67

WBC, white blood cells; NIHSS, National Institutes of

Health stroke scale, GUA, glucose upon admission, FS,
finger-stick; CGM, continuous glucose monitoring; CV,
coefficient of variation; SD, standard deviation; MAGE,
mean absolute glucose excursions.

Demographics N=23
Male 12 (52%) Linear models (Figure 1.) showed a significant
68.0+11.8 association between GUA and CV of CGM (p-
Age, years 46.0_87.0 value=0.03, R2=0.19), CV of FS (p-value=0.01,
' : R?=0.28), SD (p-value=0.01 and R?=0.23) and MAGE
Past medical history (p-value=0.001 and R?=0.38). Conversely, mean FS and
Diabetes 4 (17%) mean CGM did not show a significant association with
: 0 GUA. There were no significant associations of GUA
Hyp(?rt_ensmr? 15 (65%) with GV metrics when outliers where excluded from the
Dyslipidaemia 15 (65%) sample.
Laboratory
6.10 + 1.42 3.1 Fea_sibility and §a_fe.t)_7 of CGM _
Haemoglobin Alc, % 92 patients met eligibility criteria. Signed ICF was
4.90 - 10.80 obtained for only 25 patients who underwent CGM.
99.70 + 38.57 Limitations for CGM among the 67 patients that were
LDL cholesterol, mg/dL 29.00 — 164.00 eligible but not enrolled were patient or family decline
54 45_ I '94 participation (43%), missing 48-hour from symptom
Aot 17 onset window period due to expected need of magnetic
HDL cholesterol, mg/dL 37.00 - 103.00 resonance imaging (MRI) scans or any other therapeutic
9934277 procedure (23%), subject unable to consent and surrogate
WBC, K/uL i not reachable within enrolment period (16%), discharged
5.60 - 14.70 the same day of admission (9%), treatment plan
Stroke Severity consisting of comfort measures only (7%) and seizures
10 (15) (2%). Of 25_ enrolled supjects, 23 were able to complete
NIHSS, median (IQR) the monitoring. One patient was discharged prematurely
1.00 - 30.00 prior to inserting CGM; CGM malfunction led to loss of
Glucose parameters data on another patient. Mean of CGM recording period
was 46.54+23.14 hours (range=12.25 — 84) among the 23
132.09 + 46.24 patients. There were no adverse events reported
GUA, mg/dL throughout the duration of the study. None of the enrolled
94.00 — 325.00 patients dropped out of the study. CGM was well
tolerated and did not lead to any disruption to patient care
128.91 +37.10
Mean FS, mg/dL
89.50 - 246.50
128.10 + 33.78
Mean CGM, mg/dL
75.78 - 233.42
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Figure 1. Linear regression models: GUA as predictor and MAGE, SD, CV of CGM and CV of FS as outcomes.
GUA, glucose upon admission, CV of FS, coefficient of variation of finger-stick; CV of CGM, coefficient of variation of
continuous glucose monitoring; SD, standard deviation; MAGE, mean absolute glucose excursions.

4. DISCUSSION

In this prospective pilot study of CGM in acute stroke
patients, we found excellent tolerability and safety. There
were no reported side effects and none of the patients
terminated the participation in the study prematurely.
With regards to feasibility, in the pilot phase of the study
only the principal investigator was involved in CGM
insertion and monitoring. Due to the unpredictable nature
of acute stroke and the time-sensitive of stroke
physiology and outcomes, house staff and/or nursing
would have to undergo training in CGM insertion and
maintenance for this study to be performed at a larger
scale. One additional potential layer of complexity is the
need for brain MRI in this patient population which
might occur in unpredictable hours, depending on
scanner availability. Given incompatibility of CGM and
MRI magnet, the monitor will need to be temporarily
discontinued, re-inserted and recalibrated after the MRI
scan.

Given the ease of use and the incorporation of alarm
systems for hypoglycaemia of newer generation CGM,
we anticipate that house staff and nursing training in
these procedures will be feasible and the risk of
inaccuracy due to repetitive calibrations will be
optimized.

As reported above, hypoglycaemia can be particularly
detrimental in the acute stroke phase and it is considered
a potential reason for lack of clinical benefit in glucose-
lowering trials in acute stroke. Despite best efforts and
use of decision algorithms, these hypoglycaemic events
could not be prevented. Blood glucose of 70mg/dL has

been recognized as a threshold for neuroendocrine
responses in non-diabetics and for impaired contra
regulatory responses to hypoglycaemia in diabetics
(American Diabetes Association 2019, Danne et al.
2017). In our study, CGM conferred a marked advantage
over conventional, FS-based monitoring regimens: 10
hypoglycaemic episodes were detected with CGM,
compared to none by FS. Hypoglycaemia was considered
when glucose value was below 70mg/dL, also referred to
as “level 1 hypoglycaemia” in medical literature
(American Diabetes Association 2019).

This finding suggests that CGM confers a significantly
more granular view of the glycaemic curve in acute
stroke and allows capturing and potentially preventing
clinically =~ meaningful ~ phenomena, such  as
hypoglycaemia.

This study did not find a statistically significant
association between GUA and mean FS or mean CGM
glucose, but found a statistically significant effect of
GUA on GV interms of CV of FS and CV of CGM. This
might suggest that the pathophysiology involved in poor
clinical outcomes of patients with hyperglycaemia on
admission may be linked to the deleterious effect of GV.
Limitations of this study include a small sample size that
does not allow safe assumptions regarding the
association between GV and GUA neither control of the
effect of outliers in the model. Also, there was lack of
CGM recording in the very early stages of acute stroke
due to limited resources in the pilot phase and MRI
incompatibility device.
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In summary, this pilot study demonstrated excellent
safety and tolerability of CGM in the acute phase of
stroke and suggests that CGM can provide clinically
meaningful data, especially regarding hypoglycaemic
episodes, which are not captured by conventional
glucose monitoring methods. Future trials evaluating the
feasibility and reliability of CGM in larger patient
samples are needed in order to further implement
measures of GV in acute stroke management.
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