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ABSTRACT

Background: Emerging evidence describes the high incidence and
strong impact of hyperglycemia on the outcomes of critically ill patients
with a diagnosis of COVID-19. Given resource limitations during the
COVID-19 pandemic, clinicians moved away from using continuous

IV infusions of insulin to manage hyperglycemia.

Objective: To evaluate glycemic control in critically ill patients receiving
various medication regimens to manage their hyperglycemia.

Methods: This retrospective cohort study involved 120 mechanically
ventilated adult patients (> 18 years) with COVID-19 who were admitted
to the intensive care unit (ICU) between February 2020 and December
2021. The following data were collected for the first 14 days of the

ICU admission: blood glucose values (up to 4 times daily), hypoglycemia
events, and antihyperglycemic medication regimens.

Results: The use of IV insulin infusions maintained glucose measurements
within the target range of 4 to 10 mmol/L more often than any other
medication regimen, with 60% of measured values falling within the
target range. The use of a sliding-scale insulin regimen maintained 52%
of glucose measurements within the target range. Oral hypoglycemic
agents performed relatively poorly, with only 12% to 29% of glucose
measurements within range. The coadministration of corticosteroids led to
worse glycemic control across all medication regimens.

Conclusions: This study confirmed that ICUs should continue using the
standard protocol of IV insulin infusion to achieve recommended blood
glucose targets in critically il patients with COVID-19, particularly those
receiving corticosteroids.

Keywords: critical care, intensive care, diabetes mellitus, glycemic
control, COVID-19

INTRODUCTION

In early 2020, the spread of SARS-CoV-2 and the emer-
gence of the COVID-19 pandemic led to intensive care units
(ICUs) around the world coping with a surge of critically

RESUME

Contexte : Des données probantes émergentes font état de I'incidence
élevée et des fortes répercussions de |'hyperglycémie sur les résultats des
patients gravement malades ayant recu un diagnostic de COVID-19. Vu les
ressources restreintes pendant la pandémie de COVID-19, les cliniciens se
sont éloignés de I'utilisation des perfusions continues d'insuline par IV pour
gérer |'hyperglycémie.

Objectif : Evaluer le controle glycémique chez les patients gravement malades
qui reoivent divers régimes médicamenteux pour gérer leur hyperglycémie.
Méthodologie : Cette étude de cohorte rétrospective portait sur

120 patients adultes (> 18 ans) atteints de la COVID-19 ventilés
mécaniquement ayant été admis a une unité de soins intensifs entre
février 2020 et décembre 2021. Les données suivantes ont été recueillies
pendant les 14 premiers jours de I'admission en USI : valeurs glycémiques
(jusqu'a 4 fois par jour), événements d'hypoglycémie et régimes de
médicaments antihyperglycémiants.

Résultats : L'utilisation de perfusions d'insuline par intraveineuse
permettait de maintenir les mesures de glucose dans la plage cible de

43 10 mmol/L plus souvent que tout autre schéma thérapeutique, avec
60 % des mesures se situant dans la plage cible. Lutilisation d'un schéma
thérapeutique a insuline a échelle mobile a permis de maintenir 52 % des
mesures de glucose dans la plage cible. Les résultats des hypoglycémiants
oraux étaient relativement mauvais, avec seulement 12 % a 29 % des
mesures de glucose se situant dans la plage cible. L'administration
concomitante de corticostéroides a entrainé un moins bon controle
glycémique dans tous les schémas thérapeutiques.

Conclusions : Cette étude a confirmé que les unités de soins intensifs
devraient continuer a utiliser le protocole standard de perfusion d'insuline
par IV pour atteindre les objectifs de glycémie recommandés chez les
patients gravement malades atteints de la COVID-19, en particulier ceux
recevant des corticostéroides.

Mots-clés : soins critiques, soins intensifs, diabéte, controle glycémique,
COVID-19

ill patients.! Out of necessity, multiple, rapid changes were
made to standard evidence-based practice patterns to
manage scarce resources and mitigate risk of exposure
among the staff caring for these patients. At our institution,
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one of these changes involved the clustering of nursing care
interventions, to preserve the use of short-supply personal
protective equipment (PPE) and to reduce the risk of viral
exposure for staff while providing care and while doffing
PPE. One of the significant therapeutic impacts of this
change in practice was the shift from using the standard
protocol for IV insulin infusion to using alternative ther-
apies such as sliding-scale insulin with or without basal
insulin, oral hypoglycemic agents, or a combination of
these strategies. This approach allowed for glucose to be
checked every 4 hours, rather than every 1 to 2 hours. Sub-
sequently, during the multiple surges of patients admitted
to the Surrey Memorial Hospital ICU, glycemic control was
observed to be consistently suboptimal, and maintaining
optimal control remained an ongoing therapeutic chal-
lenge. As we emerged out of the pandemic and critical care
admissions returned to more typical seasonal levels, PPE
was no longer in short supply, and nurse-to-patient ratios
normalized, routine standards of care also began to return
to baseline. However, one of the challenges we experienced
was a lack of acceptance by prescribers and nurses to return
to using I'V insulin infusion as standard therapy for man-
aging hyperglycemia in critically ill patients whether or not
they had COVID-19.

Outside of the COVID-19 pandemic, multiple stud-
ies have shown an association between hyperglycemia and
increased morbidity and mortality in mixed critical care
populations.* Although tight glycemic control has not
been proven to improve outcomes in this patient popula-
tion and the optimal blood glucose target in the critical care
population remains controversial, guidelines recommend
maintaining blood glucose below 10 mmol/L while avoiding
hypoglycemia (defined as < 4 mmol/L).>* The lower level of
the recommended target range is typically between 7 and
8 mmol/L to reduce the risk of hypoglycemia episodes, given
the lack of benefit and risk of harm with intensive glycemic
control in critical care patients.>* Due to both patient- and
disease-related factors in critical care patients, whose con-
dition is often unstable, the standard treatment regimen for
hyperglycemia is continuous IV infusion of regular insulin.

Early in the pandemic, diabetes mellitus was identified
asasignificantrisk factor for morbidity and mortality related
to COVID-19, which added to the complexity of managing
hyperglycemia.l> This phenomenon was also seen in previ-
ous coronavirus outbreaks, specifically Middle Eastern res-
piratory syndrome and severe acute respiratory syndrome
coronavirus 1.° Although the link between diabetes and
severity of illness in patients with SARS-CoV-2 infection is
not yet fully understood, it is hypothesized that hypergly-
cemia impairs the host immune response through impaired
phagocytosis and chemotaxis, decreased interleukin pro-
duction, and reduced T-cell and neutrophil response.®’
The inflammatory storm associated with COVID-19 can
release cytokines, resulting in complications that include
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increasing insulin resistance and acute (stress) hypergly-
cemia.! SARS-CoV-2 can also infect and replicate in cells
of the pancreas, resulting in decreased insulin-secretory
granules in p-cells and impaired glucose-stimulated insu-
lin secretion, which can lead to de novo development
of diabetes.® There is also evolving research suggesting
that the virus may cause angiotensin converting enzyme
2-dependent damage to pancreatic islet cells and exocrine
tissue, exacerbating hyperglycemia and its associated effect
on the immune response.®” Additionally, after publication
of the RECOVERY trial,’ dexamethasone became the stan-
dard treatment for patients with COVID-19 admitted to
the ICU, with its adverse effect of hyperglycemia adding yet
another layer of complexity.

Although the true relationship between hyperglycemia
and SARS-CoV-2 infection in this patient population is
unknown—that is, does the virus cause worsening glycemic
control or does poor glycemic control impair the host’s
immune response to the virus, or rather do patients experi-
ence a combination of these 2 effects?—emerging evidence
shows that hyperglycemia during hospitalization for SARS-
CoV-2 infection is associated with an increase in length of
stay and mortality.>10-13

Since the beginning of the pandemic, several retro-
spective cohort studies have demonstrated an associ-
ation between hyperglycemia and mortality.>!* In their
propensity-matched analysis of 500 patients, Zhu and
others® found an adjusted hazard ratio (HR) for mortality of
0.13 (95% confidence interval [CI] 0.04-0.44, p < 0.001), as
well as a lower risk of acute respiratory distress syndrome,
cardiovascular injury, acute kidney injury, shock, and dis-
seminated intravascular coagulation in patients whose
blood glucose was maintained between 3.9 and 10 mmol/L,
relative to those whose glucose ranged from 3.9 to greater
than 10 mmol/L. Bode and others,!? in their retrospective
review involving 1122 patients, also found an increased risk
of death among patients with type 2 diabetes who had hyper-
glycemia relative to those who did not have hyperglycemia
(41% vs 14.8%, p < 0.001). Patients who had hyperglycemia
also had an increased length of hospital stay (5.7 vs 4.3 days,
P < 0.001).1° Mazori and others'? conducted a retrospective,
single-centre study of 133 patients admitted to the ICU in
which nondiabetic patients with early-onset hyperglycemia
(> 10 mmol/L during the first 2 calendar days after ICU
admission) had a higher risk of death at 14 days (HR 7.51,
95% CI 1.70-33.24) and 60 days (HR 6.97, CI 1.86-26.13)
than nondiabetic patients who did not have early-onset
hyperglycemia. Most recently, Krishnasamy and others!'®
conducted a multicentre retrospective study of 1645 patients
hospitalized with SARS-CoV-2 pneumonia in which patients
with elevated glycated hemoglobin A;. (HbA;) (> 6.5%)
and/or hyperglycemia on admission (> 11.1 mmol/L) were
at increased risk of acute in-hospital cardiovascular events
(odds ratio [OR] 1.73, 95% CI 1.07-2.80), ICU admission
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(OR 1.61, 95% CI 1.10-2.34), and death (OR 1.77, 95% CI
1.02-3.07) relative to patients with or without type 2 dia-
betes who did not have hyperglycemia on admission.!* As
such, current evidence suggests that hyperglycemia is likely
associated with poor outcomes in critically ill patients with
COVID-19, irrespective of a prior history of diabetes.

As we move into a new era of SARS-CoV-2 being part
of the usual constellation of respiratory viruses that can
lead to critical illness, and given emerging evidence of the
impact of hyperglycemia on the morbidity and mortal-
ity of patients with SARS-CoV-2 infection, this study was
undertaken to systematically understand the level of gly-
cemic control achieved with different antihyperglycemic
regimens. Subgroup analyses were also conducted to fur-
ther describe glycemic control in patients for whom anti-
hyperglycemic therapy was clinically indicated, as well as
in patients who were and were not receiving corticosteroids
for the management of SARS-CoV-2 infection.

METHODS

We conducted a retrospective cohort study with a prespe-
cified convenience sample of 120 consecutive mechanically
ventilated adult patients (> 18 years of age) admitted to the
Surrey Memorial Hospital ICU with a positive result on
reverse transcription polymerase chain reaction testing for
SARS-CoV-2 between February 1, 2020, and December 31,
2021. Patients receiving concurrent treatment for diabetic
ketoacidosis were excluded. Data were collected from each
patient’s electronic medical record (Meditech software sys-
tem) from day 1 to day 14 of the ICU admission (or until ICU
discharge, if length of stay in the ICU was less than 14 days).
Blood glucose values were documented for 4 time points
within each 24-hour period (at 0600, 1200, 1800, 2359).
Where no blood glucose measurement was documented for
a specified time point, the value obtained closest to that time
was documented; where there were 2 blood glucose measure-
ments documented at times equidistant from the specified
time, the value from the earlier time point was documented.
All hypoglycemia events (blood glucose < 4 mmol/L) were
recorded, regardless of time of occurrence, and multiple
events could be counted within a 24-hour period.

Blood glucose measurements were collected from the
bedside point-of-care testing records completed by critical
care nurses, laboratory (chemistry) results, medication
administration records (MARs), and blood glucose/insulin
flow sheets (nursing notes). The measurements were then
grouped into 4 categories: 4-10 mmol/L (within target
range), 10-12.5 mmol/L, 12.6-15 mmol/L, and greater than
15 mmol/L. Information about the medication regimen was
collected from the MAR, and the regimens were grouped
into 9 categories. Patients could be on different regimens
at different times during their critical care stay; therefore,
the baseline characteristics and clinical outcomes were
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described for the full cohort, not subdivided according
to regimen. The use of glucocorticoid medications (dexa-
methasone, methylprednisolone, hydrocortisone, predni-
sone, and prednisolone) was also documented from ICU
day 1 to day 14 (or until ICU discharge). Additional baseline
demographic data collected were age, gender, medical diag-
noses, APACHE II score on admission to critical care, need
for and duration of mechanical ventilation, length of stay in
the ICU and in hospital, and in-hospital death.

Data were collected and recorded by one investigator
(E.B) using a standardized data collection form. Ten per-
cent of the charts from which data were collected were
checked by the co-investigators (S.N.S. and K.S.) to ensure
inter-rater reliability.

Descriptive statistical methods were used to analyze
the baseline demographic data, blood glucose measure-
ments, hypoglycemia events, hospital and ICU length of
stay, and in-hospital death for the entire cohort. Results
are reported as medians and interquartile ranges (IQRs)
or means and standard deviations for continuous variables
and as percentages for categorical variables.

A subgroup analysis was performed of patients for
whom antihyperglycemic therapy was clinically indicated.
Patients were excluded from the subgroup analysis if they did
not require antihyperglycemic medication during their ICU
stay or received only sliding-scale subcutaneous (SC) insulin
therapy with no blood glucose readings above 10 mmol/L at
any time. In this subgroup analysis, a x? test of independence
was performed to examine the relation between the medica-
tion regimen used (IV insulin-based, SC sliding-scale insu-
lin, basal SC insulin with or without SC bolus or sliding-scale
insulin, or oral medication regimens with or without insulin)
and the level of glycemic control (4-10 mmol/L [within target
range], 10-12.5 mmol/L, 12.6-15 mmol/L, and > 15 mmol/L)
for patients with an indication for ongoing insulin therapy.

RESULTS

The baseline characteristics of the cohort (n = 120) are
reported in Table 1. Of note, 43% of participants had dia-
betes mellitus (and 10% were dependent on insulin). The
median length of stay in the ICU was 16 (IQR 9-25.3) days,
and the median duration of mechanical ventilation was
12.5 (IQR 6-24.3) days.

In the overall cohort, 45% (n = 2116/4673) of glucose
measurements fell within the target range of 4-10 mmol/L.
The 2 regimens incorporating IV insulin infusion main-
tained glucose values within the target range more often
than any other regimen (59% and 60%, respectively, of
measured values were between 4 and 10 mmol/L) (Table 2),
whereas regimens incorporating oral hypoglycemic medica-
tions (combined with sliding-scale insulin with or without
basal insulin) had only 12% and 29% of values, respectively,
falling within the target range (Table 2). Additional data
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TABLE 1. Characteristics and Outcomes of Study

Participants

No. (%) of Participants?

Characteristic (n=120)
Age (years) (mean + SD) 61.8 + 14.1
Sex, male 70 (58)
Medical conditions
Hypertension 66 (55)
Dyslipidemia 39 (33)
Non-insulin-dependent diabetes mellitus 39 (33)
Current or former smoker 19 (16)
Cardiovascular or coronary artery disease 19 (16)
Obstructive sleep apnea 13 (1)
Asthma 12 (10)
Insulin-dependent diabetes mellitus 12 (10)
Chronic obstructive pulmonary disease 10 (8)
Chronic kidney disease 10 (8)
Chronic liver disease 7 (6)
Stroke 5 (4
Heart failure 4 (3
Active malignancy 4 (3)
Chronic hemodialysis 1)
Length of stay (days) (median and IQR)
In hospital 25 (14-39)
InICU 16 (9-25.3)
Duration of mechanical ventilation (days) 12.5 (6-24.3)
(median and IQR)
Death in hospital 49 (41)

ICU = intensive care unit, IQR = interquartile range, SD = standard deviation.
3Except where indicated otherwise.

stratified by medication regimen and level of blood glucose
control are outlined in Table 2.

In total, 979 (21%) of the blood glucose measurements
were greater than 15 mmol/L (Table 2). Of these, only 36
(less than 1% of all measurements) occurred in patients
receiving IV insulin compared with 646 (14%) in patients
receiving basal SC insulin-based regimens (with or without
SCbolus insulin, sliding-scale insulin, or oral antihypergly-
cemic medications).

In the subgroup of 73 patients for whom antihypergly-
cemic therapy was clinically indicated, 32% (n = 917/2872)
of glucose measurements fell within the target range of 4 to
10 mmol/L, again with 59% and 60% of readings, respectively,
falling within the target range among patients receiving
either of the 2 IV insulin infusion regimens (Table 3). In
this subgroup, the proportion of patients who had any read-
ing greater than 15 mmol/L was lower in the groups receiving
IV insulin infusion (7% and 10%, respectively) than in the
groups for all other regimens (20%-54%).

The ¥? test to examine the relationship between gly-
cemic control and the various medication regimens in
the subgroup of patients with a clinical indication for

antihyperglycemic therapy (n = 73 patients) showed a statis-
tically significant association, with I'V insulin-based regi-
mens being associated with better glycemic control than
was achieved with any of the other medication regimens:
for IV insulin-based regimens versus SC sliding-scale insu-
lin alone, x* = 76.72 (df = 3, p < 0.001); for IV insulin-based
regimens versus SC basal insulin-based regimens with
SC sliding-scale insulin, with or without short-acting SC
bolus insulin, x* = 286.4 (df = 3, p < 0.001); for IV insu-
lin based-regimens versus oral-based medication regimens
with SC sliding-scale insulin, with or without SC basal insu-
lin, x* = 254.3 (df = 3, p < 0.001). When the oral therapy-
based medication regimens with SC sliding-scale insulin
(with or without SC basal insulin) were compared with SC
basal insulin-based regimens with SC sliding-scale insulin
(with or without short-acting SC bolus insulin), the associ-
ation between the medication regimen and level of glycemic
control was not significant: x* = 5.5 (df = 3, p = 0.14).

When glycemic control was compared between patients
who did and did not receive corticosteroid therapy, it was evi-
dent that glucose was less well controlled among patients who
were receiving concomitant glucocorticoid therapy (Table 4).
Among patients receiving IV insulin infusion without corti-
costeroids, 80% (n = 37/46) of measured glucose values were
within the target range, whereas in the presence of cortico-
steroids, this proportion dropped to 58% (n = 212/367). The
same trend was observed across other regimens (Table 4).

Overall, 8 (7%) of the patients experienced at least
1 hypoglycemia event, defined as blood glucose less than
4 mmol/L. A total of 10 hypoglycemia events occurred dur-
ing this study, the majority when patients had no enteral or
parenteral nutrition or had poor or intermittent nutritional
intake. Only 1 hypoglycemia event occurred while a patient
was receiving goal-rate enteral nutrition. Of the 8 patients
who experienced a hypoglycemia event, 6 died before dis-
charge from hospital.

DISCUSSION

In this study, IV insulin-containing regimens reliably con-
trolled blood glucose and managed hyperglycemia more
consistently than alternative insulin therapies in patients
infected with SARS-CoV-2. After exclusion of patients who
had no indication for insulin-based therapies (i.e., those
who required no antihyperglycemic therapies or received
SC sliding-scale insulin with no blood glucose readings
above 10 mmol/L), the results were even more pronounced,
with IV insulin-based therapies significantly outper-
forming the alternative regimens. Across all regimens,
better glycemic control was maintained when corticoster-
oids were not administered. The incidence of hypoglycemia
events was low, with the majority occurring when non-IV
insulin-based alternative therapies were used and in
patients who were not receiving adequate nutrition.
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To our knowledge, we are the first to report findings
of a comparison between IV insulin-containing regimens
and alternative antihyperglycemic therapies in critically ill
patients with COVID-19.

Our results are consistent with those of studies com-
paring these regimens in critically ill patients without

COVID-19 pneumonia. Tran and others'* demonstrated
that ICU patients treated with IV insulin regimens had bet-
ter blood glucose control than those treated with SC insulin
regimens (63% vs 45.7%). They also found that hypogly-
cemia events were more common among patients receiv-
ing SC regimens than among those receiving IV insulin.!

TABLE 2. Blood Glucose Measurements, Stratified by Medication Regimen?

Category in Relation to Target Range; No. (%) of Measurements

Within < 25% above 25%-50% above > 50% above No. of
Target Range Target Range Target Range Target Range Hypoglycemia

Regimen® (4-10 mmol/L)  (10-12.5 mmol/L) (12.6-15 mmol/L) (> 15 mmol/L) Events (< 4 mmol/L)
IV insulin infusion, n = 413 249 (60) 91 (22) 37 (9 36 (9) 1
IV insulin + basal SC insulin, n = 51 30 (59) 13 (25) 3 () 5 (10) 0
SCinsulin

Sliding scale, n = 2170 1121 (52) 530 (24) 295 (14) 224 (10) 3

Basal + sliding scale, n = 823 147 (18) 155 (19) 155 (19) 366 (44) 2

Basal + bolus + sliding scale, n = 177 29 (16) 35 (20) 30 (17) 83 (47) 0
Oral medications + SC insulin

Sliding scale, n = 94 27 (29) 22 (23) 10 (11) 35 (37) 0

Basal + sliding scale, n = 364 43 (12) 52 (14) 72 (20) 197 (54) 3
Other, n =127 59 (46) 29 (23) 10 (8) 29 (23) 0
No medication, n = 454 411 (91) 29 (6) 10 (2) 4 (1) 1
Overall, n = 4673 2116 (45) 956 (20) 622 (13) 979 (21) 10

IV = intravenous, SC = subcutaneous.
@Measurements were obtained from 120 patients.

bFor each row, n = number of glucose measurements for patients on the specified medication regimen.

TABLE 3. Blood Glucose Measurements in Subgroup of Patients with Indication for Antihyperglycemic Therapy, Stratified by

Medication Regimen?

Category in Relation to Target Range; No. (%) of Measurements

Within < 25% above 25%-50% above > 50% above No. of
Target Range Target Range Target Range Target Range Hypoglycemia

Regimen® (4-10 mmol/L)  (10-12.5 mmol/L) (12.6—-15 mmol/L) (> 15 mmol/L) Events (< 4 mmol/L)
IV insulin infusion, n = 320 192 (60) 73 (23) 34 (11) 21 (7) 0
IV insulin + basal SC insulin, n = 51 30 (59) 13 (25) 3 (6) 5 (10) 0
SC insulin

Sliding scale, n = 856 308 (36) 206 (24) 169 (20) 173 (20) 1

Basal + sliding scale, n = 799 145 (18) 151 (19) 153 (19) 350 (44) 2

Basal + bolus + sliding scale, n = 176 29 (16) 34 (19) 30 (17) 83 (47) 0
Oral medications + SC insulin

Sliding scale, n = 91 27 (30) 20 (22) 10 (11) 34 (37) 0

Basal + sliding scale, n = 353 40 (11) 51 (14) 71 (20) 191 (54) 3
Other, n =127 59 (46) 29 (23) 10 (8) 29 (23) 0
No medication, n = 99 87 (88) 6 () 5 (5) ()] 0
Overall, n = 2872 917 (32) 583 (20) 485 (17) 887 (31) 6

IV = intravenous, SC = subcutaneous.
aMeasurements were obtained from 73 patients.

BFor each row, n = number of glucose measurements for patients on the specified medication regimen.
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Furthermore, IV insulin has been traditionally used and
studied in large randomized controlled trials investigating
ideal blood glucose targets in critically ill patients.>!>16

Diabetes and uncontrolled hyperglycemia have been
recognized as risk factors for poor outcomes in patients
with COVID-19, including severe illness and death.'”-¥ In
addition, a large population-based cohort study showed
that SARS-CoV-2 infection was associated with a higher
risk of diabetes among patients not known to have a pre-
vious diagnosis of this condition.?’ While there is clearly
an interplay between infection with SARS-CoV-2 and gly-
cemic control, the impact of tight versus liberal glycemic
targets on COVID-19-related morbidity and mortality
remains unknown.

We found no studies that used alternative antihyper-
glycemic therapies, such as SC insulin and/or oral anti-
hyperglycemic regimens, for management of hyperglycemia
in patients with COVID-19. However, some centres have
investigated continuous glucose monitoring as a means of
minimizing the need for point-of-care testing, nursing and
staff resources, PPE, and exposure to infection while main-
taining the use of IV insulin.?!

Given the retrospective and observational nature of
this study, we are unable to draw conclusions about a pos-
sible association or causation between glycemic control and
clinical outcomes. While we were able to demonstrate that
alternative treatment strategies were suboptimal for sur-
rogate outcomes (moderate and severe hyperglycemia and
hypoglycemia), it is unknown if these patients experienced
worse clinical outcomes than they otherwise would have if
they had received IV insulin and thereby experienced better
glycemic control. We were unable to compare clinical out-
comes across regimens, as there was substantial crossover
in the medication regimens used by individual patients.

Another limitation of this study is our inability to
generalize to current practice, because certain variants of
SARS-CoV-2 have lower disease severity, many patients
and health care providers are now vaccinated, and bet-
ter resource supplies now exist. However, there remains
a large proportion of patients admitted to hospitals with
COVID-19 pneumonia®? and non-IV insulin strategies are
still used to minimize staff exposure to the virus because
of momentum gained from this strategy early in the pan-
demic. Furthermore, should a future pandemic arise, our
study highlights that IV insulin can remain the standard
of care for management of hyperglycemia in critically ill
patients. Instead, alternative methods should be explored to
minimize exposure and preserve PPE.

In critically ill patients, both tight glycemic control
(and the associated increase in risk of hypoglycemia) and
moderate-to-severe hyperglycemia may be associated with
an increased risk of death.? There is also growing evidence
to suggest that wide variation in blood glucose levels may
have detrimental effects on patient outcomes.?> However,
the optimal target for each individual patient remains
unknown and may differ according to whether the patient
is experiencing acute or chronic hyperglycemia. Although
this study evaluated only patients who tested positive for
SARS-CoV-2, the results do improve our understanding of
the impact that various medication regimens have on gly-
cemic control and provides evidence supporting return to
the usual standards of care for patients presenting to the
ICU with COVID-19. In addition, even though we cannot
generalize the results of this study to critically ill patients
without COVID-19, our findings give a more systematic
understanding of the effect that this seemingly benign
change in the route of medication administration had on
patients. This enhanced understanding will help to inform

TABLE 4. Blood Glucose Measurements in Presence or Absence of Corticosteroid Therapy, Stratified by Medication Regimen

Category in Relation to Target Range; No. (%) of Measurements

Within < 25% above 25%-50% above > 50% above No. of
Target Range Target Range Target Range Target Range  Hypoglycemia Events

Regimen? (4-10 mmol/L)  (10-12.5 mmol/L) (12.6—-15 mmol/L) (> 15 mmol/L) (< 4 mmol/L)
IV insulin infusion

Corticosteroid, n = 367 212 (58) 84 (23) 36 (10) 35 (10) 1

No corticosteroid, n = 46 37 (80) 7 (15) 1 (2 1 ) 0
SCinsulin (sliding scale)

Corticosteroid, n = 2059 1055 (51) 515 (25) 280 (14) 209 (10) 3

No corticosteroid, n = 111 66 (59) 15 (14) 15 (14) 15 (14) 0
SCinsulin (basal + sliding scale)

Corticosteroid, n = 787 136 (17) 145 (18) 152 (19) 354 (45) 2

No corticosteroid, 7 = 36 11 (31) 10 (28) 3 (8) 12 (33) 0

IV = intravenous, SC = subcutaneous.

aFor each row, n = number of glucose measurements for patients on the specified medication regimen. For medication regimens not included in this table, all

patients were receiving corticosteroids.
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therapeutic decision-making as we face future pandemics
and other situations involving resource limitations (in
terms of both staffing and equipment).

CONCLUSION

COVID-19 has caused several challenges in caring for critic-
ally ill patients, including the maintenance of glycemic con-
trol. Although we found that many different strategies were
employed to manage blood glucose in our study sample, IV
insulin infusion provided the best glycemic control for these
patients. Understanding the impact of the rapid changes
we made while managing care for patients infected with a
novel virus will allow us to be better prepared for managing
the therapeutic challenges we will face in future pandemics.
Future studies should include prospective and randomized
trials assessing clinical outcomes in patients with and with-
out COVID-19 whose hyperglycemia is managed with IV
insulin relative to other treatment alternatives, as well as
evaluating alternatives to point-of-care testing (e.g., con-
tinuous glucose monitoring) to decrease requirements for
nurses’ time, PPE needs, and exposure of health care work-
ers to infectious pathogens.
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