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Context: While individuals with diabetes appear to be at similar risk for SARS-CoV-2 infection to
those without diabetes, they are more likely to suffer severe consequences, including death. Diabetic
ketoacidosis (DKA) is a common and potentially lethal acute complication of diabetes arising from a
relative insulin deficiency, which occurs more often in those with type 1 diabetes and in the setting of
moderate to severe illness. Early reports indicate that among patients with pre-existing diabetes, DKA
may be a common complication of severe COVID-19 and a poor prognostic sign.

Case Description: This clinical perspective explores the key elements of caring for individuals with
DKA during the COVID-19 pandemic through 2 cases. Topics addressed include diagnosis, triage, and
the fundamental principles of treatment with a focus on the importance of characterizing DKA severity
and medical complexity to determine the best approach.

Conclusions: As discussed, some tenets of DKA management may require flexibility in the setting

of COVID-19 due to important public health goals, such as preventing transmission to highest risk
individuals, reducing healthcare worker exposure to infected patients, and preserving personal
protective equipment. Evidence for alternative treatment strategies is explored, with special attention
placed on treatment options that may be more relevant during the pandemic, including use of
subcutaneous insulin therapy. Finally, DKA is often a preventable condition. We include evidence-based
strategies and guidance designed to empower clinicians and patients to avoid this serious complication
when possible. (J Clin Endocrinol Metab 105: 1-11, 2020)
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Case Presentations

Case 1

A 53-year-old woman with hypertension, hyper-
lipidemia, and type 2 diabetes (T2D) presented to an
Emergency Department (ED) in Boston, Massachusetts,
with shortness of breath and fever. Symptoms began
12 days prior when she noted fatigue and malaise. Due
to concern for work-related exposure to COVID-19,
she was seen by her primary care physician and tested
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negative. In the subsequent week she developed sore
throat, diarrhea, fever, and progressive dyspnea. Repeat
SARS-CoV-2 testing was now positive. She was pre-
scribed azithromycin and hydroxychloroquine, but due
to worsening dyspnea, fever, and anorexia sought fur-
ther evaluation. Upon arrival to the ED, she appeared
ill, tachypneic, and unable to speak in full sentences.
Oxygen saturation was 78% on ambient air. On exam-
ination, she had decreased breath sounds bilaterally,

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ADA, American Dia-
betes Association; AKI, acute kidney injury; ARB, angiotensin receptor blocker; ARDS,
acute respiratory distress syndrome; DKA, diabetic ketoacidosis; ED, Emergency De-
partment; euDKA, euglycemic DKA; GAD-65, glutamic acid decarboxylase 65; HbA1c,
hemoglobin Alc; HHS, hyperosmolar hyperglycemia syndrome; HK, hyperosmolar
ketoacidosis; ICU, intensive care unit; IL-6, interleukin-6; IVI, intravenous insulin;
PPE, personal protective equipment; RCT, randomized controlled trial; SGLT2, sodium—
glucose cotransporter 2; TDD, total daily dose.
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acanthosis nigricans, and central adiposity, body mass
index 33 kg/m?. The remainder of the physical exam-
ination was normal. Biochemical evaluation was not-
able for normal renal and hepatic function, glucose
151 mg/dL (8.3 mmol/L), bicarbonate 20 mmol/L,
lactic acid 1.2 mmol/L, pH 7.41, elevated inflamma-
tory markers (ferritin 440 ng/L, erythrocyte sedimenta-
tion rate 93 mm/hour, C-reactive protein 95.4 mg/dL,
interleukin-6 (IL-6) 24.4 pg/mL [ref. <1.64]) and was
confirmed SARS-CoV-2 positive. She had bibasilar con-
solidation concerning for COVID pneumonia on im-
aging. Shortly after admission her oxygen requirements
increased (15 L) and was she was transferred to the in-
tensive care unit (ICU) for hypoxemic respiratory failure
and was subsequently intubated. She had a longstanding
history of T2D initially treated with oral agents and
transitioned to insulin 1 year ago with most recent
hemoglobin Alc (HbA1c) of 7.5%. She had no known
diabetes-related complications and had never been hos-
pitalized for glycemic control. Prior to admission, her
diabetes medications included metformin 1000 mg
twice daily, glimepiride 4 mg daily, empagliflozin 10 mg
daily, exenatide 2 mg weekly, and glargine 22 units
nightly. She took all medications on the day of ED pres-
entation. Diabetes medications were discontinued on
admission and glycemic control was at goal with min-
imal correctional insulin and poor oral intake. In the
next 24 hours she developed metabolic acidosis with
elevated anion gap, glucose 192 mg/dL (10.6 mmol/L),
bicarbonate 15 mmol/L, venous blood pH 7.24, and
lactic acid 1.3 mmol/L. p-Hydroxybutyrate was ele-
vated at 6.1 mmol/L. She was started on intravenous
insulin (IVI) with dextrose support for treatment of dia-
betic ketoacidosis (DKA).

Case 2

A 45-year-old man with no prior medical history
presented to the ED with fatigue and symptomatic
hyperglycemia (polyuria, polydipsia). He was last seen
by his primary care physician several years ago. He
denies taking any medications, supplements, or sub-
stance use. Following what he describes as a “stomach
bug” approximately 1 week prior, he complained of
lethargy and “extreme thirst like he can’t get enough
water.” Upon acute care presentation he was hyperten-
sive (149/95 mmHg), afebrile, and with oxygen satur-
ation of 83% on ambient air, which improved with 6 L
of supplemental oxygen. On examination body mass
index was 28 kg/m* and his breathing was effortful,
but was otherwise normal. Biochemical evaluation was
notable for glucose of 599 mg/dL (33.2 mmol/L), bicar-
bonate 15 mmol/L, estimated glomerular filtration rate
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38 mL/minutes, and an elevated anion gap. Urinanalysis
showed 2+ ketones and 3+ glucose; p-hydroxybutyrate
was >9.0 mmol/L. Venous pH was 7.18, effective serum
osmolality 305 mOsm/kg, lactic acid 2.4 mmol/L, and
HbA1lc 12.6%. Serum and urine toxicology screens
were negative. A test for SARS-CoV-2 was positive. He
denied any prior history of impaired glucose intoler-
ance but reported a strong family history of T2D and
no known autoimmune disease. He was admitted for
COVID-19 and treatment of new-onset diabetes with
DKA and acute kidney injury (AKI).

Background

DKA is the most common hyperglycemic crisis, which
also includes hyperosmolar hyperglycemia syndrome
(HHS) and the overlap syndrome of hyperosmolar keto-
acidosis (HK) (1). DKA occurs in the setting of relative
or absolute insulin deficiency that leads to reduced glu-
cose utilization and unchecked lipolysis, causing exces-
sive ketone body formation and acidosis. DKA itself is
an inflammatory state (2), but is often accompanied by
an underlying severe illness (Fig. 1).

Initial studies from the 1970s and 1980s outlined the
basic tenets of treatment, which are well described in
hundreds of references and have remained largely un-
changed in the past 20 years (3). While IVI has been the
most studied approach to administering variable-dose
insulin to the hospitalized patient with DKA, this poses
a challenge in the setting of COVID-19 as it requires pa-
tient interactions every 1 to 2 hours. In this time when
limiting these interactions is essential, particularly in
areas where there are shortages of personal protective
equipment (PPE), alternative approaches to frequent
bedside care are being considered by hospital clinicians
and leadership.

Along these lines, clinicians have reconsidered alter-
native methods for management of hyperglycemic crisis
to achieve the triple goal of protecting patients with dia-
betes from SARS-CoV-2 exposure, reducing exposure
to healthcare personnel during the care of COVID-19
patients, and limiting use of the ICU beds for non-
COVID-19 care. Such methods include identifying pa-
tients who may be treated outside of the hospital or for
a short period in the ED. In addition, the role of sub-
cutaneous insulin for management of mild to moderate
DKA has resurfaced as not only an evidenced-based al-
ternative to IVI requiring less frequent glucose moni-
toring but also as a critical tool to employ during the
pandemic to reduce the time required at the bedside
managing insulin.
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Figure 1. Conceptual framework of the pathophysiology of diabetic ketoacidosis. In DKA, insulin insufficiency sets off a cascade of maladaptive
physiologic responses including formation of excessive ketone bodies leading to metabolic acidosis, and hyperglycemia resulting in progressive
hypovolemia and electrolyte loss. In the setting of inflammatory illness, cytokines and other factors drive this process. IL-6 levels have been shown
to be elevated in both DKA and COVID-19, and may be an important prognostic factor. FFA, free fatty acids; TNFa, tumor necrosis factor a; IL-6,

interleukin 6; IL-1B, interleukin 1.

The purpose of this communication is to provide
guidance for clinicians who care for patients at risk for
DKA and patients who develop DKA in the setting of
SARS-CoV-2 infection. The discussion also addresses
the interest to protect both healthcare personnel and
uninfected patients from unnecessary exposure (4).
While most of the management strategies discussed
will be based on randomized controlled clinical trials
(RCT), many of these are small and not necessarily gen-
eralizable to the current COVID-19 clinical environ-
ment. Therefore, some modifications are suggested to
published approaches in places where the authors have
experience. It is emphasized that it is generally not re-
commended that hospitals make major changes to their
current approach to managing DKA, as this may cause
unintended consequences and result in the reverse out-
come of requiring more ICU resources and time at the

bedside.

Epidemiology of DKA: An Update

In both the United States and the United Kingdom, DKA
hospitalizations have risen sharply in the last decade,
despite a decrease in the early part of this century (3,
6). Fortunately, however, mortality from DKA has pro-
gressively declined over the last 3 decades and is most
recently <0.5% in the United States. Traditionally, mor-
tality has been reported to be highest at the extremes
of age, although mortality rates in elderly people have
also declined dramatically during the past 10 years (7).
In type 1 diabetes (T1D), DKA is most often caused
by missed insulin doses but death is rare with prompt

treatment, whereas in type 2 diabetes (T2D) underlying
severe illness is almost always the direct cause of both the
DKA and ensuing death. Although DKA is more likely
to occur in T1D, it is estimated that most DKA cases
worldwide occur in T2D due to its higher prevalence.
Probably as a result of increased diabetes screening and
early recognition, DKA now occurs more frequently in
persons with established diabetes rather than at the time
of the initial diagnosis (7).

Since the year 2000, 2 new patient subtypes being
hospitalized for DKA have been identified. The first was
the “ketosis-prone diabetes” population. Described in
the early 2000s after an increase in DKA cases among
persons with obesity and T2D was reported (8), these
patients had impaired insulin levels but lacked typical
autoimmune markers of T1D, and their beta-cell func-
tion recovered quickly after treatment. The other group
is what the American Diabetes Association (ADA) has
described as “euglycemic DKA” (euDKA), which makes
up about 10% of patients with DKA. As seen in Case
1, euDKA is characterized by metabolic acidosis and
increased total body ketone concentration, but with
glucose levels <250 mg/dL (9, 10). euDKA was first de-
scribed in 1972, when Munro et al. reported 37 cases
of patients with T1D who developed severe DKA with
glucose <16.5 mmol/L (<300 mg/dL) (11), and has been
described to occur most commonly in pregnant women.
However, the introduction of the sodium-glucose
cotransporter 2 (SGLT2) inhibitor medications in 2013
has identified another population at risk for euDKA.
In December 2015, the Food and Drug Administration
added a label to SGLT2 inhibitors warning that these
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medications might increase the risk for DKA (12). Since
20135, following the publication of several cardiovas-
cular outcome trials demonstrating benefit and new
formal indications for patients with cardiovascular
disease, sales for these drugs have increased dramat-
ically and expert guidance around this condition was
published (13). There are several management consid-
erations in the acute setting as discussed below and
through Case 1.

On a positive note, DKA in general is still more
common in younger individuals and it is thus re-
assuring that children and young adults appear to
have lower rates of severe COVID-19 (14). Diabetes
has not been identified as a risk factor in major reports
of SARS-CoV-2 infections in children. Reports from
pediatric endocrinologists in COVID-19 hotspots glo-
bally indicate that children, adolescents, and young
adults (<25 years old) with diabetes have so far not
shown a different disease pattern with the virus com-
pared with children and younger people who do not
have diabetes (15).

DKA and COVID

In the COVID-19 pandemic, it has been established that
diabetes is a frequent comorbidity and is associated
with increased severity of complications and mortality
(16). DKA has been reported in COVID-19 (17, 18), as
with other severe infections (19), in patients with T1D
and patients with T2D. Following early studies from
China reporting a wide prevalence of diabetes ranging
between 7.4% and 19.5% 20-22), several studies re-
ported higher prevalence among those requiring hospi-
talization and/or those who died. Data from Italy, for
example, reported that 35.5% of patients who died had
diabetes, a prevalence greater than 3 times that of the
general population (23). In Chinese cohorts, ICU care
was more often required for patients with diabetes
(22.2% vs 5.9%, P =.009) (21), and acute respiratory
distress syndrome (ARDS) was 2.34-fold higher (95%
confidence interval [CI], 3.6-24.2%; P =.002) (24). As
would be expected from the increased complications,
mortality was also higher. One study from Wuhan of
191 patients showed an OR of 2.85 (95% CI, 1.25-
6.05, P=.0062) in patients with diabetes compared
with a nondiabetic population (25).

While a high severity of illness, organ failure, and
mortality among adults with diabetes is being reported,
what is less known is the metabolic complications spe-
cific to COVID-19. Viral infection and its association
with diabetes is a familiar concept. For example, vir-
uses have long been implicated in the development of
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T1D, such as cytomegalovirus, Epstein—Barr, mumps,
rotavirus, rubella, and, in particular, enteroviruses and
coxsackievirus (26). Hepatis C infection is a well-known
risk factor for T2D that is also associated with beta-cell
dysfunction. One small study compared the pancreata of
hepatitis C virus (HCV)-positive and -negative donors
and found the beta-cell of the HCV-positive donors
had presence of the virus in the cytoplasm that was
accompanied by morphological changes in mitochon-
dria and reduced in vitro glucose-stimulated insulin
secretion (27). In regard to coronaviruses, it has been
shown that SARS-CoV-1 binds to the ACE2 receptor in
the pancreatic islets, and it is postulated that this could
cause damage and acute diabetes (28). While there have
not been similar published findings related to the new
SARS-CoV-2 virus, this theoretical pathophysiology
could lead to insulinopenia and increased risk of DKA,
especially for those with established T2D. However, at
the time of publication, data on SARS-CoV-2 are limited
and this mechanism remains speculative.

There are insufficient data to determine if DKA is
more prevalent in COVID-19 and if SARS-CoV-2 poses
an increased risk over other severe infectious diseases.
To date, only 1 study has described the prevalence of
acidosis and ketoacidosis in 658 hospitalized patients
with confirmed COVID-19 (29). Of the cohort, 42
(6.4%) presented with positive urine or serum ketones,
and, of these, 3 (7%) patients met the ADA criteria for
DKA. Those with ketosis were about twice as likely to
have diabetes at baseline, and the 3 individuals who de-
veloped DKA had underlying diabetes (1 with T1D, 2
with T2D). Also noted was that patients with ketosis it-
self with or without acidosis were younger (median age
47 vs 58 years, P =.003) and had had higher rates of
ARDS (28.6% vs 13.5%, P =.007), acute liver injury
(14.3% vs 5.4%, P =.042), digestive disorder (31.0%
vs 12.0%, P <.001), required mechanical ventilation
(21.4% vs 6.7%, P =.002), and had longer length of
hospital stay (19.0 [12.8-39.0] days vs 16.0 [10.0-24.0]
days, P < .001). Ketosis was also associated with higher
mortality (21.4% vs 8.9%, P =.017). Larger cohorts
are clearly needed to understand the true incidence and
nature of DKA in COVID-19.

One likely important finding among COVID-19
patients is that severe disease is accompanied by high
levels of inflammatory markers, which are also elevated
in the setting of DKA independent of accompanying
illness (Fig. 1) (2, 25). IL-6 in particular has been high-
lighted as likely playing a role in a maladaptive immune
response to the SARS-CoV-2 virus and has been pro-
posed as a possible treatment target (30). IL-6 has also
been found to be elevated in DKA and is thought to be
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mostly a driver of ketosis rather than a result, but this
is less clear (2). Whether the inflammatory cascades en-
gaged in DKA and severe COVID-19 are synergistic in
leading to worse clinical outcomes remains to be seen.

Considerations in the General
Management of DKA

As noted, the underlying mechanism of DKA is insulin
deficiency resulting in decreased glucose utilization
by peripheral tissues, leading to increased counter-
regulatory hormone levels, increased hepatic glucose
production, and excess free fatty acid oxidation to
ketoacids. The key elements of DKA treatment have
been well established, and several professional societies,
international organizations, and experts have main-
tained published guidance on management (10, 31).
The main tenets of DKA management have not changed
in decades and include the triad of fluid resuscitation,
potassium repletion, and insulin replacement. Patients
with hyperglycemic crisis present with profound dehy-
dration and fluids are one of the most crucial aspects
of treatment. With the goal of expanding intravascular
volume and restoring perfusion, isotonic saline (0.9%
NaCl) is often the preferred solution for fluid resuscita-
tion. The subsequent choice of fluids depends on sodium
and glucose concentrations. In the setting of acidosis
and insulin deficiency, potassium shifts into the extra-
cellular space. With insulin therapy and fluid admin-
istration potassium will shift intracellularly and close
monitoring and potassium repletion is needed. Given
lack of evidence demonstrating benefit in mortality or
time to resolution of ketoacidosis (32), the routine use
of bicarbonate therapy in DKA is not recommended and
administration is generally reserved for patients with
life-threatening acidosis (pH < 6.9).

Historically and at present, the most common hos-
pital setting utilized to administer DKA care has been
the ICU. In the uncomplicated patient, this is largely due
to the frequent glucose monitoring required in individ-
uals receiving IVI where insulin adjustments are required
frequently. In the case of DKA, ketosis, acidosis, and ele-
vated fatty acids all contribute to insulin resistance (31,
33), as does hyperglycemia itself (34), and as these re-
solve with simultaneous therapies (fluids and insulin),
hypoglycemia risk is extremely high. It is well estab-
lished that the major pitfalls of DKA treatment include
first inadequate potassium supplementation and, second,
failure to prevent hypoglycemia (35). A close third on
this list of pitfalls is the recurrence of ketoacidosis in the
case of ineffective transitioning of patients from IVI to
subcutaneous insulin therapy. While there are numerous
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publications on how to avoid poor transitions, perhaps
the most innovative and practical one tested the impact
of administering long-acting subcutaneous insulin, for
example, glargine, in the early phases of DKA treatment,
and during IVI, in order to prevent rebound ketoacidosis
and/or marked hyperglycemia (36).

As noted, DKA due to the use of SLGT2 inhibitors
has led to DKA in the absence of marked hypergly-
cemia reported in hospitalized patients (13, 37), while in
practice it remains relatively uncommon. Interestingly,
euDKA was rarely reported in SGLT2i clinical trials
(38). In a recent retrospective cohort study in Australia,
those using SGLT2i had an odds ratio of 1.48 for DKA
when compared with nonusers, and 41% of these pa-
tients had a peak glucose <13.8 mmol/L (<250 mg/dL),
compared with 0.8% of nonusers (39). Precipitating
factors include acute illness with poor oral intake,
vomiting, fasting, and reductions in insulin doses re-
lated to improved glycemic control (or missing doses
during illness). While several potential mechanisms
have been proposed, it is likely a combination of fac-
tors with volume depletion and decreased glucose avail-
ability at the tissue level playing key roles. Management
of euDKA includes the same triad approach as classical
DKA, but with the clear distinction that dextrose con-
taining fluids are required as an initial step rather than
added later as glucose levels decline. The other key man-
agement point is that the glycosuria due to SGLT2i can
persist for days (40), and fluid resuscitation may need to
be extended beyond the stage when the patient is taking
normal oral fluid intake.

Assessing DKA Severity

The ADA classifies the severity of DKA as mild, mod-
erate, or severe based on the extent of acidemia as meas-
ured by pH and/or bicarbonate deficit and alteration in
a patient’s mental status (Table 1). For all degrees of
severity, the therapeutic triad is the same: fluid resusci-
tation, electrolyte repletion, and insulin therapy. While
simple in concept, each of these therapies have the po-
tential to pose unique risks to patients depending on the
degree of medical complexity identified upon presen-
tation. For example, fluid resuscitation and potassium
repletion in the setting of severe AKI, and certainly end-
stage renal disease, must be carefully considered. In these
and other patients such as those with congestive heart
failure or myocardial infarction, the risks and benefits
of each therapy must be weighed often on an hourly
basis and in an ICU setting. Due to the risk of hypo-
glycemia in critically ill patients, insulin treatment also
requires frequent adjustment, thus forming the basis for
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Table 1. Classification of hyperglycemic crisis severity (10) and insulin treatment options

Mild DKA Moderate DKA Severe DKA HHS HK

Blood glucose mg/dL (mmol/L) > 250 (>13.8) >250 (>13.8) >250 (>13.8) >600 (>33.3) >600
(>33.3)

pH 7.25-7.30 7.00-7.24 <7.00 >7.30
HCO, (mmol/L) 15-18 10-14 <10 >18
Urine/serum ketones + + + + +
Serum osmolality? (Osm ) 320 320
Anion gap Elevated Elevated Elevated Elevated Elevated
Mental status Alert Alert/drowsy Stupor/coma Stupor/coma Stupor/coma
Insulin therapy SC/V SC/NV \Y, Y v

Frequency of glucose monitoring
Location of care

every 1-2 hours
Intermediate
care unit

every 1-2 hours
Intermediate
care unit/ICU

every 1 hour
ICU

every 1 hour
ICU

every 1 hour
ICU

Abbreviations: DKA, diabetic ketoacidosis; HCO,, bicarbonate; SC, subcutaneous; IV, intravenous; ICU, intensive care unit; BG, blood glucose; Na*,

sodium.

Calculated effective osmolality (Osmg)= 2 [Na*] + BG/18 note: for calculation use measured (not corrected) Na*.

IVI use in the ICU. Likewise, in severe COVID-19, the
ICU is often needed for management, including mech-
anical ventilation and vasopressor support and hence
IVI is often the most appropriate mode of therapy when
needed. As discussed below, the overall medical com-
plexity of the patient ultimately determines the treat-
ment strategy and the appropriate use of lower intensity
therapies including subcutaneous insulin.

Management of Uncomplicated Mild/
Moderate DKA in Patient with COVID-19

DKA management at home

Patients experiencing hyperglycemia who are armed
with ketone testing at home are better able to communi-
cate with their care team on the severity of their illness
when inpatient care is being considered. However, given
the imprecision of point of care ketone testing (41), any
patient who has elevated ketones detected by any means
should be assessed for other signs of possible DKA, for
example, nausea, vomiting, and extreme thirst. In usual
care, many patients who are clinically stable and can
take oral fluids are able to self-manage early DKA with
instructions and close communication with their care
team. This has recently been described in COVID-19
patients by experienced diabetologists and in certain
cases can prevent a hospitalization (42). However, in
most patients known to be COVID-19 positive, given
the concern for rapid clinical decline, it is reasonable
to recommend patients with a positive ketone test be
evaluated urgently for detailed assessment including la-
boratory testing with a basic metabolic chemistry panel.

The role of subcutaneous insulin use in DKA
As previously discussed there are unique consid-
erations during a pandemic and utilizing strategies to

provide intensive insulin therapy while minimizing
nursing time at the bedside and preserving PPE has be-
come a priority. Coordination of glucose monitoring
and administration of insulin and other medications
into 1 bedside interaction is strongly recommended
whenever possible. Given available evidence, subcuta-
neous insulin therapy for mild/moderate uncomplicated
DKA has been highlighted by many institutions as a
useful strategy during a pandemic.

While IVI has been considered the treatment of
choice in DKA, several studies have demonstrated use
of subcutaneous rapid acting insulin every 1 to 2 hours
is a safe and effective alternative in mild/moderate un-
complicated DKA (Table 2). A Cochrane review in 2016
evaluated 5 RCTs that randomized a total of 201 pa-
tients to DKA protocols using IVI versus subcutaneous
rapid-acting insulin (43). The reviewers concluded that
there are neither advantages nor disadvantages when
comparing the effects of subcutaneous rapid-acting in-
sulin analogues versus IVI for treating mild or moderate
DKA. However, in the constraints of the COVID-19
pandemic, the advantages of reduced ICU utilization,
exposure, and PPE use may well outweigh disadvan-
tages if the hospital is able to adopt a safe and effective
protocol.

Published studies of subcutaneous insulin use in DKA
have used similar protocols but with important differ-
ences (Table 2). All studies defined the patient popula-
tion as uncomplicated mild or moderate DKA. Four of
5 trials included only adults, and most subjects were re-
ported as having poor compliance with diabetes therapy.
In 1 study, patients were randomized to a regular IVI
(0.1 unit/kg bolus followed by 0.1 units/kg/hour) versus
an initial subcutaneous injection of 0.3 units/kg of lispro
followed by 0.1 units/kg per hour until the glucose was
<250 mg/dL. Although the subcutaneous insulin arm
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patients were managed on the general ward and the
IVI group on the ICU, both protocols required every 1
hour glucose monitoring. The time required to achieve
DKA resolution did not differ between the groups. In a
second study by the same group, the subcutaneous arm
dosed subcutaneous aspart every 1 or every 2 hours and
reported no difference in time to DKA resolution across
groups [40]. There was low-quality evidence to evaluate
the effects of subcutaneous rapid-acting insulin ana-
logues versus IVI on hypoglycemia, with both reporting
no significant difference and overall low incidence with
<10% of participants in both groups having a glucose
<70 mg/dL

Of interest, none of these studies employed the use of
an intermediate or long-acting basal insulin rapid-acting
insulin analog-driven protocol to prevent rebound
hyperglycemia and/or ketoacidosis (36). In the authors’
experience, the “tandem” use of glargine insulin can be
useful along with rapid-acting insulin in the treatment
of DKA. In a single-center study investigators tested the
impact of adding early basal therapy with 0.25 unit/kg
of long-acting insulin given within the first 12 hours of
initiation of IVI. The outcome of interest was preventing
rebound hyperglycemia after DKA resolution. With
this method the authors reported a reduction in re-
bound hyperglycemia (33.3% in the intervention group
versus 93.5% in the control (P <.001), which presum-
ably led overall to better glycemic control during the
hospitalization.

It is important to note that the subcutaneous insulin
treatment modality has only been studied and recom-
mended in uncomplicated patients with mild/moderate
DKA as delineated above and in Table 1. Subcutaneous
strategies are not recommended for patients with severe
DKA and/or other complicated illness (end-stage renal
disease, severe AKI, pregnancy, concomitant myocar-
dial infarction, or stroke, requiring ICU level of care for
other reasons, for example, mechanical ventilation and/
or vasopressor support). For these patients, the critical
care setting and use of IVI is required. Irrespective of
the degree of acidosis and acidemia, patients with HHS
or HK require close monitoring and therefore these pa-
tients require care in the ICU setting (10)

Management of Severe and/or
Complicated DKA in Patients with
COVID-19

Severe DKA, in addition to other forms of hypergly-
cemic crisis, requires management in an ICU with access
to IVL, frequent blood, or capillary glucose monitoring
(eg, every 1-2 hours), frequent laboratory monitoring
(eg, for potassium and electrolytes), and access to

J Clin Endocrinol Metab, August 2020, 105(8):1-11

respiratory support and cardiac monitoring as needed.
Complicated patients regardless of DKA severity gen-
erally require IVI for part or most of the critical care
course. Although substantive data on insulin require-
ments during COVID-19 are not yet published, clin-
icians have observed higher than usual insulin needs
(up to 4 units/kg/day) in critically ill patients with
COVID-19 (44). In addition, as described elsewhere (9),
the concomitant use of vasopressors or corticosteroids
can significantly impact insulin requirements as doses
are adjusted over time. This requires an insulin delivery
method that allows for rapid adjustment to dramatic
changes in glycemic measures. Although the cautious
use of rapid- or short-acting subcutaneous insulin dosed
every 4 or 6 hours, respectively, in combination with
long- or intermediate-acting insulin has been used suc-
cessfully in some COVID-19 patients (44), IVI should
remain standard practice for COVID-19-positive crit-
ically ill patients who have concomitant DKA. Given
the unique needs during a pandemic, some institutions
have decreased the frequency of glucose monitoring to
every 4 or 6 hours in patients with stable insulin infu-
sion rates and/or considered use of continuous glucose-
monitoring devices.

As noted previously, the resolution of DKA is her-
alded by a rapid increase in insulin sensitivity, which
is more dramatic in severe DKA. This requires hourly
adjustment of the insulin rate while dextrose-containing
fluids are infused to avoid hypoglycemia.

Prevention of Diabetic Ketoacidosis
During COVID-19

The vast majority of people with diabetes who are in-
fected with COVID-19 will not require hospitaliza-
tion to manage their illness. Several authorities such as
the Centers for Disease Control have advised against
seeking care in the ED should individuals develop
symptoms of COVID-19 but rather to contact their
healthcare provider, seek testing in the community, and
stay at home for mild to moderate symptoms using self-
care whenever possible (45). For people with diabetes,
self-care includes continuing their home insulin and to
reassess their oral therapies when necessary. Insulin-
deficient patients and those taking SGLT2 inhibitors
should have ketone testing available to them at home
should they develop illness. Many professional societies
and patient advocacy groups have provided excellent
resources for patients and providers alike to support
a proactive approach to DKA prevention, including
reminding individuals with diabetes what to do when
they become ill, for example, “sick day rules” (46, 47).
Additional key points specific to the pandemic include
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having all supplies on hand in the home in the event
of illness or an emergency, for example, hypoglycemia.
This should include a 3-month supply of medications
if affordable, all supplies needed for insulin therapy in-
clude insulin pump infusion sets or pods, in addition
to a method to test ketone bodies (blood or urine) as
discussed above.

People with T1D are likely at the highest risk of
DKA during the pandemic independent of COVID-19
due to potential lapses in access to medicines or their
care team. As noted above, this decade has already seen
a rise in DKA-related hospitalizations and hence add-
itional attention has been paid to successful preven-
tion programs (48, 49). In the COVID-19 environment,
services that may have reduced DKA risk may not be
available to patients in the same form, especially early
diabetes screening/identification and family-level edu-
cation. Telemedicine is already a proven modality for
DKA prevention in adolescents, and overall an effective
tool to deliver diabetes care (50, 51). During COVID-19
there is appropriate enthusiasm for enhanced telecom-
munication between adult patients and their clinicians,
including texting and frequent communication through
electronic health record portals. To prevent provider
burnout, this preventive “checking in” should be shared
among the healthcare team members including nurses,
pharmacists, dieticians, and even administrative staff
armed with standard communication tools. Finally,
since DKA in T1D is often caused by omission of in-
sulin and, perhaps more commonly now, rationing in-
sulin, it is paramount that clinicians, clinical programs,
hospital systems, and insurers as well as manufacturers
come together to assist patients with diabetes to sus-
tain their insulin regimens. Insulin manufacturers have
recently established discount programs for those at
highest risk in the United States, for example, uninsured
and Medicare patients with high out-of-pocket require-
ments (52).

Patients taking SGLT2 inhibitors, as illustrated by
this case, should be advised to discontinue the medica-
tion at the first sign of severe flu-like illness in order to
prevent ketoacidosis (13). As described above, COVID-
19-infected patients taking these medications may be at
a uniquely high risk for DKA. As it is not always pos-
sible to predict the course of COVID-19 and who will
develop severe disease, the most practical advice for pa-
tients is discontinue the drug at the onset of any symp-
toms consistent with a viral syndrome.

Lastly, since at least 10% of patients worldwide
present with DKA as the initial presentation of dia-
betes (53), insulin starts and education should not be
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postponed during the pandemic. Patients identified as
meeting criteria to start insulin should be referred for
urgent education, either in-person or, whenever possible
and practical, via video teleconferencing. This has been
successful in the authors’ institutions.

Returning to Our Patients

Our 53-year-old female patient in Case 1 was crit-
ically ill requiring vasopressor support and mechan-
ical ventilation for COVID pneumonia with ARDS.
While requiring ICU level of care, she continued on
IVI per DKA protocol until resolution of acidosis (pH
normalized, bicarbonate stabilized >18 mmol/L, and
anion gap closed). She did not receive bicarbonate as
her blood pH was not lower than 6.9 (10). Given the
euDKA, dextrose support was required at the start of
insulin. Over the subsequent 12 days she clinically im-
proved and supplemental oxygen was weaned. She was
transitioned to a weight-based insulin regimen with
0.6 units/kg total daily dose (TDD) with half given as
basal and half as bolus before meals. On hospital day
17 she was discharged home with recommendation to
hold empagliflozin.

Our 45-year-old male patient in Case 2 remained
hemodynamically and neurologically stable with good
oxygenation by face mask. He was admitted to a non—
critical care unit for management of moderate DKA.
In attempt to minimize nursing time at the bedside and
preserve PPE he was treated with a subcutaneous in-
sulin strategy with every four hour glucose monitoring
and insulin administration. He received 0.15 units/kg
basal insulin (glargine) and 0.3 units/kg rapid-acting
insulin (aspart) loading dose, followed by 0.2 units/kg
rapid-acting insulin (aspart) every 4 hours until reso-
lution of DKA. Dextrose was added to intravenous
fluids once his glucose was lower than 250 mg/dL
(13.8 mmol/L). His renal function improved with
intravenous hydration, and oral potassium was ad-
ministered to maintain normal levels. He did not re-
quire bicarbonate based on blood pH. When DKA
resolved he transitioned to a weight-based basal bolus
insulin regimen with 0.7 units/kg TDD. In the subse-
quent days, insulin was downtitrated to 0.6 unit/kg
TDD and overall glycemic control remained at goal.
GAD-635, islet cell and insulin autoantibodies were
negative. He received diabetes education including in-
sulin and glucose meter teaching prior to discharge.
He was seen by a nurse educator via telemedicine
within 48 hours of discharge and remains engaged in
newly diagnosed diabetes.
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Conclusion

Patients with diabetes are at increased risk of severe
complications from COVID-19 which may include
DKA. In the effort to balance the need to provide in-
tensive insulin therapy with minimizing exposure to
healthcare workers and preserving PPE, clinicians are
actively seeking alternative and patient-tailored strat-
egies for care delivery in the treatment of DKA. The
cases above highlight important aspects to consider
when determining the most appropriate way to treat
DKA, including insulin method and location of care.
For critically ill and medically complex patients, recog-
nition and prompt treatment of DKA in the ICU setting
is recommended. For those with uncomplicated mild/
moderate DKA, strategic use of subcutaneous insulin is
supported by high-quality evidence and can be useful
to address the unique needs of care systems during a
pandemic. Preventing DKA is critically important when
possible, which may include maintaining key clinical
services using telemedicine and proactively delivering
standard prevention advice to patients. Further studies
are needed to explore the incidence and pathogenesis of
DKA in patients with SAR-CoV-2 infection.
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