Diabetic ketoacidosis
and hyperglycemic
hyperosmolar state

Early identification and management are
key to good outcomes.

By Lindsay K. Buchert, MSN, RN, ANP-BC

A

DIABETIC KETOACIDOSIS (DKA)
and hyperglycemic hyper-
osmolar state (HHS) are
endocrine  emergencies.
(See DKA and HHS:
Head-to-head compari-
son.) Hospitalizations for
diabetes and DKA are ris-
ing, possibly because of
increased diabetes preva-
lence and higher insulin
costs. HHS is associated with
high mortality risks, which is
particularly worrisome during the
COVID-19 pandemic, when healthcare re-
sources have been stretched thin. To help en-
sure early identification and treatment of these
conditions, this article provides an overview of
both. (See Diabetes physiology reviei.)
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1. Compare onset, diagnosis, and treatment of diabetic
ketoacidosis (DKA) and hyperglycemic hyperosmo-
lar state.

2. ldentify special considerations for preventing DKA
recurrence.
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DKA
DKA typically occurs in
patients with Type 1 dia-
betes, although preva-
lence in those with
Type 2 diabetes is ris-
ing (accounting for an
estimated 1 in 5 cases).
To diagnose DKA, these
three elements must be
present: diabetes (hyper-
glycemia), ketones (serum),
and anion-gap acidosis. In ad-
dition, DKA must be distinguished
from alcoholic ketoacidosis (which typi-
cally occurs without hyperglycemia), starva-
tion ketosis (which occurs with prolonged
starvation or removal of carbohydrates from
the diet), and other causes of anion-gap meta-
bolic acidosis such as lactic acidosis, ad-
vanced kidney disease, or excessive ingestion
of aspirin, acetaminophen, or methanol.

DKA is the result of a lack of insulin (or rel-
ative lack of insulin, when the normal insulin
dose isn’t enough to provide adequate
glycemic control, such as when the individual
is ill or taking a prescribed steroid) in con-
junction with increased counter-regulatory
hormones, such as cortisol, and peripheral in-
sulin resistance. When muscle and fat cells
can’t use carbohydrates for energy, they pro-
duce amino acids and free fatty acids, leading
to gluconeogenesis in the liver and ketone
production, resulting in hyperglycemia, keto-
sis, dehydration, and electrolyte imbalances.

In some patients, DKA may be the initial in-
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dication of diabetes. In those with longstand-
ing diabetes, DKA may be the result of missed
insulin doses or a relative lack of insulin (for
example, taking usual insulin doses during
times of stress such as illness, infection, steroid
use, or new myocardial infarction or stroke).
DKA also can occur because of an insulin
pump malfunction (such as a tubing kink) or
inserting into a site with poor insulin absorp-
tion. Patients with eating disorders may with-
hold insulin doses to create a catabolic state
that leads to weight loss (taking insulin typical-
ly causes weight gain), leading to DKA. In ad-
dition, the oral diabetes medications sodium
glucose-cotransporter 2 inhibitors (SGLT-2 in-
hibitors) have been associated with increased
risk for DKA, especially in patients who also
are taking insulin. The cause may be a combi-
nation of an increased loss of glucose through
the kidneys, decreased insulin needs, and in-
creased insulin resistance from underlying
stress or illness.

Signs and symptoms

DKA typically evolves rapidly with initial signs
and symptoms of polyuria, polydipsia, fatigue,
abdominal pain, nausea, and vomiting. Over
time, mental status changes may arise, leading
to coma. During a physical exam, a person
with DKA typically shows signs of dehydra-
tion, including tachycardia and hypotension,
with deep, rapid Kussmaul breathing and a
fruity smelling acetone odor on the breath.

Lab findings

Laboratory findings include hyperglycemia
(blood glucose typically >250 mg/dL and fre-
quently 350 to 500 mg/dL) with low bicarbon-
ate (<15 mEq/L) and an elevated anion gap
(>12). Both urine and serum ketones are ele-
vated, as is 8-hydroxybutyrate. If the patient is
dehydrated, blood urea nitrogen and creatinine
will be elevated. Serum potassium typically
is elevated, with hyperkalemia occurring as
potassium ions shift outside the cells as a result
of acidosis. A total potassium deficit usually oc-
curs in DKA because of acidosis, GI losses, and
osmotic diuresis. When potassium is low, the
patient should be monitored closely, as hy-
pokalemia can lead to life-threatening arrhyth-
mias. Sodium also may be low, resulting from
losses caused by increased urine output and
vomiting, although hyperglycemia itself can
lead to pseudohyponatremia. However, be-
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comparison

This side-by-side comparison highlights the differences and similarities
between diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar

state (HHS).

DKA HHS
Diabetes type ° Type 1 ® Type 2
® Ketosis-prone Type 2
Onset ® Rapid e Gradual

(typically 24 hours)

Blood glucose level

® 350-500 mg/dL

* >800 mg/dL

Serum ketones

® Present

e Usually absent or low

Anion gap

® Elevated

e Usually normal

Serum osmolality

® 300-320 mOsm/kg

® 330-440 mOsm/kg

Other findings

® Acetone breath
e Kussmaul breathing

¢ Altered mental status
e Significant dehydration

Diagnostic criteria

e Elevated blood
glucose

® Anion-gap acidosis

® Serum ketones

* Elevated blood
glucose

* Elevated serum
osmolality

* Mental status changes

Treatment e |.V.insulin and L.V. e V. fluids and I.V.
fluids insulin
Resolution © Anion gap normalized e Alert

e Ketones improved

e Serum osmolality
<315 mOsm/kg

Discharge plan

® Subcutaneous insulin

® Subcutaneous insulin

cause high blood glucose levels may cause a
falsely low sodium level (many electronic
health records systems have a calculator to
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Type | diabetes

@ Glucose " Glut-4 @ Insulin Insulin receptor

Diabetes physiology review

8

The B cells of the pancreas produce insulin, which works in the liver,
muscle, and adipose tissue to maintain glucose homeostasis, promot-
ing peripheral glucose uptake. Insulin also prevents fatty acids and
amino acids from converting into keto acids and glucose (gluconeo-
genesis). When insulin production is inhibited, Type 1 or Type 2 dia-
betes may result.

e Type 1 diabetes is characterized by T lymphocytes infiltrating the
pancreatic islet cells, resulting in B cell destruction and inhibited in-
sulin production. The liver, muscle, and adipose tissue can't absorb
nutrients while continuing to release stored glucose, amino acids,
and fatty acids into the bloodstream, altering fat metabolism and
producing ketones. The continued absence (or relative absence) of
insulin leads to hyperglycemia and ketoacidosis, which characterize
diabetic ketoacidosis (DKA).

e Type 2 diabetes is a state of insulin resistance with B cells initially
increasing insulin production to meet demand. However, prolonged
insulin resistance makes this unsustainable, and B cell function be-
gins to decline, worsening hyperglycemia. Type 2 diabetes also is as-
sociated with abnormal fat metabolism and increased glucose pro-
duction from the liver. Ketosis is rare in Type 2 diabetes, but the
prevalence of ketosis-prone Type 2 diabetes is rising. It's character-
ized by relapsing episodes of B cell dysfunction and absolute insulin
deficiency, especially in times of extreme stress. In those instances,
some people with Type 2 diabetes may experience DKA. They also
may experience a hyperglycemic hyperosmolar state.

determine the actual sodium level based on
blood glucose leveD), the sodium level may
need to be corrected. Hyperventilation may
cause low pH (6.9 to 7.2) and low PCO, (15 to
20 mm Hg).

Management

DKA treatment goals include restoring volume
status and peripheral perfusion, improving
glycemic control, and correcting electrolyte
imbalances and ketosis. This is done by ad-
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ministering 1.V. regular insulin and LV. fluids.
In addition, underlying causes must be identi-
fied and treated.

LV. regular insulin begins with a bolus of
0.1 units/kg followed by an infusion at 0.1
units/kg/hr. Hypokalemia (<3.5 mEq/L) is an
exception. Because insulin will worsen hypo-
kalemia, potassium should be replaced to >3.5
mEq/L before starting I.V. insulin. Check blood
glucose hourly and expect it to decrease by 50
to 75 mg/dL/hr. As acidosis resolves, blood
glucose levels will decline more quickly. Stan-
dardized L.V. regular insulin infusion protocols,
including computerized protocols, have prov-
en safe and effective. However, protocols spe-
cific to DKA are recommended because those
used to correct hyperglycemia in Type 2 dia-
betes may be too aggressive.

Because DKA is a state of dehydration,
with estimated deficits of 4 to 6 liters, I.V. fluid
replacement is key. Normal saline is the start-
ing fluid of choice, typically at a rate of 1 L/hr
for the first 2 to 3 hours. After the first 2 liters,
decrease the rate to 300 to 400 mL/hr. When
the patient’s blood glucose is <250 mg/dL,
change to L.V. fluids containing 5% dextrose.
The addition of dextrose counterbalances the
insulin infusion, which needs to continue until
acidosis is corrected, as indicated by normal-
ization of bicarbonate and anion gap. In addi-
tion, the dextrose infusion reduces the risk of
cerebral edema, which can occur when blood
glucose is corrected too rapidly.

In most cases, the initial electrolyte imbal-
ances should resolve on their own with L.V.
regular insulin and I1.V. fluids. Potassium
may need to be replaced if it’s low or drops
too quickly while insulin infuses. Treatment
with sodium bicarbonate is controversial. It
may lead to hypokalemia and impaired tis-
sue oxygenation if it corrects acidosis too
rapidly or to cerebral acidosis when cere-
brospinal fluid pH is lowered. Avoid sodium
bicarbonate except in cases of severe acido-
sis (pH <7.0) or significantly elevated potas-
sium. Additionally, although phosphate typi-
cally is low in DKA, replacement is rarely
needed except in severe cases (<1 mg/dL).
(See Treating DKA outside of the ICU.)

Resolution and transition to
subcutaneous insulin

DKA is considered resolved with ketoacidosis
correction, not improved glycemic control
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alone. The American Diabetes Association
considers DKA resolved when two of the fol-
lowing occur: anion gap normalized (<12
mEq/L), bicarbonate =15 mEq/L, and pH >7.3.
In addition, the patient’s mental status should
be improved and the patient should be ready
to eat. Most importantly, to prevent DKA re-
currence, the healthcare team should identify
and treat any precipitating causes.

After DKA resolves, the patient can be tran-
sitioned back to subcutaneous insulin, either
in the form of multiple daily injections or a
home insulin pump. Most subcutaneous in-
sulins have an onset of action from several
minutes to several hours, but I.V. regular in-
sulin has an estimated half-life of <10 minutes,
so subcutaneous insulin must overlap with
L.V. regular insulin infusion by 1 to 2 hours. If
this isn’t done, DKA may recur.

Patients whose diabetes is normally well-
controlled but have experienced DKA be-
cause of an accidentally missed insulin dose
can resume home insulin doses. However, for
patients with an underlying illness or who
must take steroids, home insulin doses may
be inadequate to cover increasing demands.
These patients may require higher insulin dos-
es, which the provider will calculate by ex-
trapolating from the previous 6 hours of stable
L.V. regular insulin infusion rates.

Generally, the total daily insulin require-
ment for someone with Type 1 diabetes is 0.5
units/kg with half as long-acting basal insulin
and half divided into three rapid-acting bolus
insulin doses to cover meals. Therefore, cau-
tion should be used when re-starting what is
documented as a home insulin dose. Re-start-
ing a dose that seems inordinately high rela-
tive to weight and LV. regular insulin needs
may result in hypoglycemia.

A normally functioning pancreas secretes a
basal dose of insulin, even in resting and fast-
ing states, and releases insulin boluses within
8 to 10 minutes of ingesting food. When pa-
tients are transitioning from I.V. regular in-
sulin, in addition to basal insulin, they need
rapid-acting insulin boluses to cover meals.
These generally are administered in the form
of an insulin-to-carbohydrate ratio (for exam-
ple, 1 unit of rapid-acting insulin for every 15
grams of carbohydrates consumed).

Rapid-acting insulin to cover meals is sepa-
rate from correction-dose or sliding-scale in-
sulin, which also should be in place and used
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to correct for hyperglycemia and to bring an
elevated blood glucose level back within tar-
get range. Basal insulin and sliding-scale rap-
id-acting insulin without meal-dependent in-
sulin won’t provide adequate glycemic control
in someone with Type 1 diabetes who's eating.
More importantly, sliding-scale insulin alone
without basal insulin will result in a return to
DKA. Basal insulin should never be withheld
in patients with Type 1 diabetes because they
have an absolute lack of endogenous insulin.

Recurrent DKA and prevention

DKA prevalence is increasing worldwide, but
a significant percentage of hospital admissions
represents recurrent DKA with multiple hospi-
tal admissions in a calendar year.

Most of these cases are caused by missed in-
sulin doses rather than underlying illnesses. A
number of factors are associated with recurrent
DKA, including fragmented healthcare (often
involving admission to multiple hospitals), low-
er education levels, lower socioeconomic sta-
tus, lack of health insurance, younger age, sub-
stance use, and other psychosocial issues. In
many cases, those with recurrent DKA have
poor access to insulin and transportation. Stud-
ies by Desai and colleagues, Ehrmann and col-
leagues, and Gaffney and colleagues also point
to recurrent DKA occurring more often in fe-
males than males, which may be related to eat-
ing disorders, missing insulin doses in an effort
to lose weight, and other mental health con-
cerns such as depression.

To reduce hospital admissions, DKA preven-
tion strategies, especially for patients with mul-
tiple admissions, should be a component of
care. Improved patient and family education to
help reduce hospital admissions and care coor-
dination across the healthcare spectrum are
key to prevention. Nurses can help patients ob-
tain access to insulin (particularly longer-acting
basal insulins that allow for more dosing flexi-
bility) and diabetes technology (such as insulin
pumps and continuous glucose monitoring). In
addition, individual and family behavioral
health coaching can help meet specialized
needs such as addressing specific cultural or
family concerns related to healthcare beliefs,
foods, and periods of fasting. As virtual ap-
pointments and telemedicine play an increas-
ing role in healthcare, regular communication
and follow-up between patients with recurrent
DKA and healthcare providers can reduce ad-
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Treating DKA outside of the ICU

Managing diabetic ketoacidosis (DKA) in the ICU with L.V. regular in-
sulin remains the standard of care, but it has been shown (including in
a systematic review by Andrade-Castellanos and colleagues) that un-
complicated, mild-to-moderate DKA (pH >7.0, serum bicarbonate 10-
18 mEq/L, anion gap >12, and alert or drowsy mental status) can be
safely and effectively managed outside of the ICU using subcutaneous
rapid-acting insulin, typically administered every 2 hours. No signifi-
cant difference was shown to exist between the V. regular insulin
group and the subcutaneous rapid-acting insulin group in time to
DKA resolution or in rates of hypoglycemia.

These studies typically excluded pregnant patients and those with
hypotension or underlying cardiac, hepatic, or renal disease. Those pa-
tients would be more safely treated in an ICU setting with I.V. regular
insulin.

Nurse staffing, education, and resources should be allocated to
help ensure a smooth transition to treating DKA outside of the ICU
when appropriate. This treatment option may help reduce healthcare
costs and save ICU resources.
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missions and improve healthcare engagement.
Virtual visits also may be helpful for those with
transportation concerns or who live in areas
with limited access to healthcare.

In younger adults, the transition from pedi-
atric to adult care can be challenging and fre-
quently is associated with a period of declining
glycemic control. For older pediatric patients,
smooth care transitions can be achieved by in-
creasingly involving them in decision-making,
including scheduling appointments and provid-
ing referrals to new providers and other indi-
vidualized resources.

Special considerations
Several considerations, including insulin pumps,
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euglycemic DKA, and pregnancy, require spe-
cial attention to prevent DKA recurrence.

Insulin pumps. DKA in someone who
wears an insulin pump commonly occurs be-
cause of a disturbance (kinked or dislodged
tubing or air bubbles) in insulin delivery. In
addition, patients with scar tissue or lipohy-
pertrophy may place their insulin pump site in
an area of poor insulin absorption.

After DKA resolves, the patient should re-
sume an insulin pump with a new infusion set,
new insertion site, and new reservoir of insulin.
Nurses should teach the patient to change in-
jection sites and supplies according to manu-
facturer recommendations, which typically is
every 2 to 3 days. They also should remind pa-
tients to make changes only when they can
closely monitor their glycemic control. These
patients should have a supply of basal insulin
and rapid acting insulin to use via injection if
they encounter problems with the pump or
supplies.

Patients should be told that if they have any
concern about the pump, they shouldn’t use it
until they’ve confirmed that it's working safely
and effectively. In the meantime, they should
use multiple daily insulin injections until the
pump can be resumed.

Euglycemic DKA. DKA typically is de-
fined by hyperglycemia, but euglycemic DKA
may occur with normal or near-normal blood
glucose levels. This is particularly true in cas-
es of pregnant patients; starvation; insulin ad-
ministration soon before hospital arrival, or
those taking SGLT-2 inhibitors, which lower
the renal threshold for glucose excretion
through the urine.

With normal or near-normal blood glucose
levels, euglycemic DKA may be easy to miss
but should be considered in patients whose
other lab results, particularly $-hydroxybu-
tyrate and arterial pH, point to DKA or if the
patient has anion-gap acidosis that doesn’t re-
solve as expected.

Treatment for euglycemic DKA is the same
as for DKA with hyperglycemia: I.V. regular
insulin and LV. fluids. If the patient is taking
SGLT-2 inhibitors, the medication should be
stopped. To prevent euglycemic DKA, pa-
tients taking SGLT-2 inhibitors shouldn’t stop
or significantly decrease insulin doses and
they should avoid excessive alcohol intake or
ketogenic (low-carbohydrate) diets. Before
any scheduled surgery or stressful physical
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activities, patients should stop taking SGLT-2
inhibitors.

Pregnancy. Pregnancy can result in in-
creased insulin resistance, so women with pre-
existing diabetes may require more insulin,
particularly as their pregnancy progresses. Miss-
ing insulin doses or failing to adequately
adjust insulin in response to increasing in-
sulin resistance can result in significant hyper-
glycemia and DKA.

In addition, ketogenesis increases during
pregnancy, so DKA can occur at a lower glu-
cose level than in nonpregnant individuals.
Pregnant women with underlying diabetes
should have access to ketone strips for self-
monitoring.

Treating DKA in pregnancy includes I.V.
regular insulin and L.V. fluids, but higher in-
sulin doses and fluids with higher dextrose
content may be needed, particularly later in
pregnancy. DKA is associated with a high
rate of stillbirth, so fetal monitoring is rec-
ommended.

HHS

HHS occurs in the presence of hyper-
glycemia, hyperosmolality, and dehydration
but without ketosis. It typically occurs in
older individuals with Type 2 diabetes and
in those with underlying stressors such as
stroke, cardiac disease, or pneumonia. High
carbohydrate intake, such as through tube
feeding or 1.V. nutrition, can lead to HHS, as
can some medications, such as steroids and
thiazide diuretics.

HHS is caused by a relative lack of insulin
paired with inadequate fluid intake, leading to
hyperglycemia, which then causes osmotic di-
uresis and further volume depletion. Lack of
ketosis likely is due to only a relative, rather
than an absolute, lack of insulin, which re-
duces the development of ketones. Because
HHS typically occurs in older individuals with
underlying comorbidities, it has a significantly
higher mortality rate than DKA.

Signs and symptoms

HHS usually develops more slowly than DKA
does. Patients may experience several weeks
of rising glucose levels, polyuria, polydipsia,
and weakness along with a declining mental
status. Signs of dehydration (including dry
mucous membranes), tachycardia, and or-
thostasis are evident on physical exam.
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Lab findings

Lab findings include significant hyperglycemia
(often >800 mg/dL). Initially, sodium may ap-
pear low, but as dehydration worsens, sodium
rises, leading to elevated serum osmolality (from
330 to 440 mOsm/kg; normal is 280 to 295
mOsm/kg). Ketones usually are absent in HHS,
although they may be present in a fasting state.
Acidosis typically doesn’t occur unless a patient
has an underlying condition such as sepsis, my-
ocardial infarction, or renal failure, all of which
may present as lactic acidosis rather than DKA.

Management

L.V. fluids and LV. insulin are key components
in HHS management. However, because of
significant dehydration with a free water
deficit of several liters, I.V. fluids play a more
significant role and typically less insulin is re-
quired than when treating DKA. In some cas-
es, fluids alone can significantly reduce blood
glucose levels. Unless serum ketosis is present,
L.V. regular insulin can be delayed. In most
cases, 0.9% normal saline is initiated, transition-
ing to 5% dextrose with 0.45% normal saline
after blood glucose reaches <250 mg/dL.

As in DKA, standardized insulin protocols
for 1.V. regular insulin infusion are recom-
mended, and patients should be transitioned
to subcutaneous insulin after blood glucose
levels, electrolytes, fluid volume status, and
mental status have improved. In addition, sub-
cutaneous insulin should be continued on ini-
tial discharge home before later transitioning
back to oral diabetes agents. As in DKA, close,
early outpatient follow-up is needed.

Prevent future admissions

Both DKA and HHS are emergencies charac-
terized by hyperglycemia, dehydration, and
electrolyte abnormalities. Fluids and insulin
are the mainstays of treatment. As hospital ad-
missions for both conditions continue to in-
crease, early identification and treatment can
reduce length of stay and healthcare costs. In
addition, individualized education and im-
proved care coordination can help prevent fu-
ture admissions. AN

Access references at myamericannurse.com/?p=292254.
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POST-TEST ¢ Diabetic ketoacidosis and hyperglycemic hyperosmolar state

Earn contact hour credit online at myamericannurse.com/?p=292254

Provider accreditation

The American Nurses Association is accredited as a provider
of nursing continuing professional development by the
American Nurses Credentialing Center’s Commission on

Accreditation.

Please mark the correct answer
online.

1. Which statement about the patho-
physiology of diabetic ketoacidosis (DKA)
is correct?

a. The inability to use amino acids re-
sults in gluconeogenesis.

b. A catonic gap reflects metabolic aci-
dosis and results in ketosis.

¢. The inability to use carbohydrates
results in gluconeogenesis.

d. Excessive insulin in the body leads
to decreased cortisol.

2. Which class of medications has been
associated with an increased risk for DKA?

a. Sodium glucose-cotransporter 2 in-
hibitors

b. Potassium glucose-cotransporter 2
inhibitors

¢. Rapid-acting insulins

d. Slow-acting insulins

3.  Which of the following might lead
you to suspect your patient is experienc-
ing DKA?

a. Shallow, slow Kussmaul breathing

b. Deep, rapid Kussmaul breathing

c¢. Hypertension

d. Bradycardia

4. A common laboratory finding with
DKA is decreased

a. blood urea nitrogen.
b. creatinine.

¢. B-hydroxybutyrate.
d. bicarbonate.

5. Which statement about L.V. regular in-
sulin administration in DKA is correct?

a. Hypokalemia should be corrected
before insulin is started.

b. Hypokalemia should be corrected
after the insulin infusion is started.

¢. A bolus of 0.3 units/kg of regular in-
sulin should be given, followed by
an infusion.

d. An infusion of regular insulin should
be started at 0.5 units/kg/hr.

6. LV.fluid replacement to correct dehy-
dration caused by DKA should include

a. normal saline as the starting fluid.

b. fluids with 5% dextrose as the start-
ing fluid.

12 American Nurse Journal

Contact hours: 1.6

Expiration: 9/1/24

c. infusion of 3 L/hr for the first 2 to 3
hours.

d. infusion of 1 L/hr for the first 5 to 7
hours.

7. Which of the following lab results
would indicate that your patient’s DKA
has resolved?

a. anion gap 13 mEq/L, bicarbonate 12
mEq/L, pH7.3

b. anion gap 10 mEq/L, bicarbonate 14
mEq/L, pH 7.4

¢. anion gap 15 mEq/L, bicarbonate 17
mEq/L, pH 7.2

d. anion gap 11 mEq/L, bicarbonate 17
mEq/L, pH 7.4

8. Which statement about transitioning
patients after DKA resolution is correct?

a. Subcutaneous insulin must overlap
with L.V. regular insulin infusion by 4
to 5 hours.

b. Subcutaneous insulin must overlap
with LV. regular insulin infusion by 1
to 2 hours.

¢. Previous home insulin doses can be
restarted immediately after the L.V.
insulin infusion is discontinued.

d. Extrapolating the previous 2 hours
of stable L.V. regular insulin infusion
rates can help determine home in-
sulin doses.

9. Generally, the total daily insulin re-
quirement for someone with Type 1
diabetes is

a. 1 units/kg.

b. 0.75 units/kg.

c. 0.5 units/kg.

d. 0.25 units/kg.

10. The total daily insulin quantity should
be administered

a. 50% as long-acting basal insulin and
50% divided into three rapid-acting
bolus insulin doses to cover meals.

b. 40% as long-acting basal insulin and
60% divided into two rapid-acting
bolus insulin doses.

c. 50% as short-acting basal insulin
and 50% divided into three rapid-
acting bolus insulin doses to cover
meals.

d. 60% as long-acting basal insulin and
40% divided into three rapid-acting
bolus insulin doses.
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11. All of the following can help prevent
DKA except:
a. promoting care coordination across
care settings.
b. providing coaching related to cul-
tural concerns.
¢. helping patients obtain access to
diabetes technology.
d. avoiding virtual visits, which can
discourage engagement.

12. Which statement about euglycemic
DKA is correct?
a. It should be considered when an-
ion-gap acidosis resolves quickly.
b. It can occur with normal or near-nor-
mal blood glucose levels.
¢. SGLT-2 inhibitors should be contin-
ued during treatment.
d. Potassium glucose-cotransporter 2
inhibitors should be continued dur-
ing treatment.

13. Which statement about hyperglycemic
hyperosmolar state (HHS) is correct?

a. It typically occurs in younger people
with Type 1 diabetes.

b. It can occur with low-carbohydrate
intake as a result of tube feeding.

c. People with HHS have dehydration,
but no ketosis.

d. People with HHS have dehydration
and moderate ketosis.

14. In the management of HHS

a. LV. fluids play a more significant role
than in DKA and less insulin usually
is required.

b. 1.V. fluids play a less significant role
than in DKA and more insulin usual-
ly is required.

¢. The usual initial I.V. fluid is 0.9% nor-
mal saline.

d. The usual initial .V. fluid is 5% dex-
trose in normal saline.

15. A sign that HHS is resolving is a serum
osmolality of

a. 425 mOsm/kg.
b. 400 mOsm/kg.
¢. 350 mOsm/kg.
d. 300 mOsm/kg.
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