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in 0.45% normal saline, should be considered when 
blood glucose falls to <11.1-13.88 mmol/L (200-250 
mg/dL) in DKA7,32 and <16.65 mmol/L (300 mg/dL) 
in HHS7,10 (see below).

Insulin and Glucose

A continuous intravenous infusion of regular 
insulin lowers the serum glucose concentration (by 
decreasing hepatic glucose production and increasing 
tissue glucose uptake) and arrests ketone produc-
tion (by reducing lipolysis and glucagon secretion). 
The only indication for delaying insulin therapy is a 
serum potassium <3.3 mmol/L (3.3 mEq/L), since 
insulin will exacerbate hypokalemia by facilitating 
potassium transport into cells. Although an initial 
bolus dose of 10 units regular insulin (0.1-0.15 units/
kg body weight) is recommended by most authors,32,49 
recent data from almost 200 DKA patients suggest 
this may confer no additional clinical benefit when 
the infusion dose is adequate (0.1-0.14 units/kg/hour 
for either DKA or HHS).50,51 The administration rate 
should be increased by 50-100% if glucose does not 
fall ≥10% or 2.78 mmol/L (50 mg/dL) per hour, and 
decreased to 2-3 units/hour when glucose falls to 11.1 
mmol/L (200 mg/dL) in DKA or 13.88 mmol/L (250 
mg/dL) in HHS.3,7 The serum glucose concentration 
should be maintained between 7.77-9.99 mmol/L (140-
180 mg/dL) for ICU patients and between 5.55-9.99 
mmol/L (100-180 mg/dL) for patients admitted to 
general medical wards.7,52-56 Generally, 12-24 hours 
of intravenous insulin treatment is necessary to clear 
ketones from the circulation after hyperglycemia is 
corrected.

Once the patient can eat, a change to subcutane-
ous insulin should be considered. A multiple-dose 
subcutaneous combination regimen with long-acting 

(e.g. glargine) and rapid-acting (e.g. Lispro, aspart 
or glulisine) insulins is preferred, as it results in less 
hypoglycemia and provides a more physiologic pat-
tern of control than other regimens. In insulin-naїve 
patients, a starting dose of 0.5-0.8 units/kg body weight 
per day, adjusted based on blood glucose response, 
is a tested approach.57 A transition to subcutaneous 
glargine and glulisine after resolution of DKA resulted 
in similar glycemic control, but with a lower risk of 
hypoglycemia, than a regimen of NPH and regular 
insulin in a study of 74 patients with DKA.58 Intrave-
nous infusion insulin should be continued for 1-2 hours 
after the first subcutaneous dose is given to ensure 
adequate plasma insulin levels are maintained, thus 
avoiding recurrent hyperglycemia or ketoacidosis.23

Subcutaneous rapid-acting insulin analogs offer 
an efficacious and cost-effective alternative to con-
tinuous intravenous infusions.59-61 Studied protocols 
use subcutaneous rapid-acting insulin (0.2 units/kg 
initially) followed by 0.1 unit/kg every hour, or an 
initial dose of 0.3 units/kg followed by 0.2 units/kg 
every 2 hours, until blood glucose is ≤13.88 mmol/L 
(250 mg/dL); the insulin dose is then decreased by 
half (to 0.05 or 0.1 unit/kg, respectively) every 1-2 
hours until resolution. This approach is not widely 
used for many reasons, including titration difficulties 
with longer half-life preparations, requirement for 
hourly nursing interventions and lack of staff experi-
ence compared to that with standard insulin infusions.

Potassium

Despite a total body potassium deficit resulting 
from the glycosuric osmotic diuresis, serum potassium 
is usually normal or elevated upon initial presentation 
because of proteolysis, hypertonicity and insulin defi-
ciency.12,62 Metabolic acidosis resulting from organic 
acids (e.g. lactic, β-hydroxybutyric acid) is much less 
often associated with potassium displacement out of 
cells, as cell membranes are permeable to these acids.62

The goal of replacement is to maintain potassium 
levels at 4-5 mmol/L (4-5 mEq/L). Insulin treatment 
and volume expansion both act to lower serum po-
tassium, often abruptly. To prevent hypokalemia, 
replacement should be initiated when serum potas-
sium falls below 5 mmol/L (5 mEq/L), or when <4 
mmol/L (4 mEq/L) in patients with a urine output >50 
mL/hour (unless hypokalemic electrocardiographic 

table 3. Suggested initial rate of fluid repletion in hyperglycemic 
emergencies*

Hours Volume

1st hour 1,000 – 2,000 mL

2nd hour 1,000 mL

3rd-5th hours 500 – 1,000 mL/hour

6th-12th hours 250 – 500 mL/hour

*average replacement after initial hemodynamic resuscitation 
with normal saline when indicated




