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AbstrAct

this article is aimed at providing a practical up-to-date review of the precipitating factors, 
diagnosis, management and secondary prevention of hyperglycemic emergencies (diabetic 
ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHs) to assist critical care phy-
sicians and hospitalists caring for these patients. Limitations of various guidelines include 
implementation in settings with an infrastructure different from that specified in the guidelines 
of a respective country, state, region or community. Appropriate individualized acute manage-
ment of these conditions typically results in satisfactory clinical outcomes and may decrease 
the mortality rate from up to 20% in type 2 diabetics with hyperglycemic hyperosmolar state vs 
less than 2% in patients with DKA. DKA may be the first manifestation of type 1 diabetes and 
can also occur in type 2 diabetics depending on the state of insulin sufficiency/secretion. For 
type 1 diabetics, the transition period from adolescence to adulthood is particularly critical to 
prevent repetitive hospital admissions. Hyperglycemic emergencies are usually preventable but 
do depend on patient compliance and adherence as well as medical infrastructure. Patients of 
all ages should be both appropriately educated and assured continuous access to health care 
to prevent recurrences of these conditions.

Key words: Diabetes mellitus, Hyperglycemia, Hyperosmolar state, Ketoacidosis, Treatment

Review

HORMONES 2011, 10(4):250-260

Corresponding Authors:
Niyutchai Chaithongdi MD and Prof. Dr. med. habil. Christian 
A. Koch, Division of Endocrinology, University of Mississippi 
Medical Center, 2500 N. State Str, Jackson, MS 39216, Tel.: 
601-984-5495, Fax: 601-984-5789, E-mail: ton.nchaitho@
gmail.com  &  ckoch@umc.edu

Received 23-07-11, Revised 15-08-11, Accepted 10-09-11

IntroductIon

Diabetic ketoacidosis (DKA) and the hyperglyce-
mic hyperosmolar state (HHS) are life-threatening 
manifestations of decompensated diabetes mellitus 
and account for more than 120,000 hospital admis-

sions per year in the United States, based on data 
from 2005, compared to more than 62,000 hospital 
admissions per year in 1980.1 With regard to HHS, the 
rate of hospital admissions is lower and is less than 
1% of all diabetic-related admissions. In the U.S., 
the costs for these hospital admissions, especially for 
DKA, are enormous and may easily exceed $15,000 
per patient hospitalization. These complications have 
been traditionally described as distinct entities, but 
patients can present with elements of both conditions 
in up to 30% of cases.2-4 Clinically, they differ by the 
severity of dehydration and whether or not ketosis 
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and metabolic acidosis are present. Excess secretion 
of glucagon, catecholamines, cortisol and growth hor-
mone promotes gluconeogenesis, glycogenolysis and 
lipolysis, resulting in DKA through a relative (type 
2 diabetes) or absolute (type 1 diabetes) deficiency 
of insulin effect.5 These occur under stress, serious 
infection, trauma and cardiovascular emergencies.3 
Characterized by severe hyperglycemia, hyperosmolar-
ity and dehydration (but without apparent ketoacido-
sis),6 HHS is typically seen in elderly type 2 diabetic 
patients and carries a higher mortality rate (5-20%) 
compared to DKA (<2%).7

dIagnosIs

Clinical Presentation

The symptoms of DKA begin rapidly, i.e. within 
hours of a precipitating event, while HHS develops 
insidiously over days or weeks. Hyperglycemia-asso-
ciated symptoms common to both include polyuria, 
polydipsia, weight loss, increasing malaise, orthostatic 
dizziness and dry mucous membranes. Kussmaul respi-
rations, acetone-scented breath, nausea, vomiting and 
abdominal pain (due to ketosis itself and correlating 
with the severity of acidosis) may occur in DKA. Late 
symptoms in severe cases of either disorder include 
confusion or stupor, which can progress to mental 
obtundation and coma. Early mental status changes 
may be observed in HHS patients who have a serum 
osmolality >320 mmol/kg (320 mOsm/kg), while a 
serum osmolality >340 mmol/kg (320 mOsm/kg) 
usually results in obtundation or coma.6,8-11 Labora-
tory abnormalities in hyperglycemic emergencies are 
summarized in Table 1.

Precipitating Factors

A careful search for precipitating conditions should 
be made, as their correction contributes to improved 
outcomes and less frequent recurrences. 

The most common illnesses precipitating DKA or 
HHS are infections,7,12,13 including viral syndromes, 
urinary tract infections, pelvic inflammatory disease, 
pneumonia, mucormycosis, malignant otitis externa 
(with pseudomonas aeruginosa), periodontal ab-
scess and dental infection. Fever is frequently absent 
even with active infection; conversely, leukocytosis 
(≥20,000/mm3) and even leukemoid reactions may 

be present in the absence of infection.14 Cultures 
(urine, sputum, blood) should be obtained when 
infection is suspected.15 The possibility of meningitis 
should be considered in patients with nuchal rigidity, 
photophobia and headache or when a depressed level 
of consciousness does not improve promptly with 
hydration and blood sugar reduction. Cerebrospinal 
fluid glucose is not sensitive in diagnosing meningitis 
in hyperglycemic patients, though a value of <5.55 
mmol/L (100 mg/dL) when the serum glucose is >13.88 
mmol/L (250 mg/dL) suggests bacterial infection; a 
cerebrospinal fluid:serum glucose ratio <0.31 is also 
suggestive of bacterial meningitis in hyperglycemic 
patients.16 Pneumonia may be difficult to diagnose 
on chest radiograph in dehydrated patients, but 
pulmonary infiltrates and progressive hypoxemia 
typically develop with hydration in those with active 
pneumonitis. Table 2 lists common precipitating 
factors of DKA and HHS.

Discontinuation of hypoglycemic medications and/
or inadequate insulin therapy in established type 1 
diabetic patients commonly lead to DKA,7 includ-
ing in those using insulin pumps. Age also plays an 

table 1. Laboratory diagnostic criteria for diabetic ketoacidosis and 
hyperglycemic hyperosmolar state on presentation‡

DKA

HHs Mild Moderate severe

Glucose  
(mmol/L)

pH

HCO3-  

(mmol/L)

Sosm  
(mmol/kg)*

Ketones

Dehydration

Anion gap**

Mental status

 >13.88 >13.88 >13.88 

 7.25-7.30 7.0 to <7.24 <7.0

 15-18 10 to <15 <10 

 Variable Variable Variable 

 Positive Positive Positive

 6 L

 >10 >12 >12

 Alert Alert/ Stupor/ 
  drowsy coma

>33.3 

>7.3

>15 

>320 

Small

9 L

Variable

Stupor/ 
coma

*Effective serum osmolality (mmol/kg) = (2 x sodium) + (glucose)
**Anion gap: (Na+) – [Cl- + HCO3

- (mmol/L)]
DKA: diabetic ketoacidosis; HHS: hyperglycemic hyperosmolar 
state; Sosm: serum osmolality
‡Adapted from Kitabchi AE, Umpierrez GE, Miles JM, et al, 
2009 Hyperglycemic crises in adult patients with diabetes. Dia-
betes Care 32:1335-1343
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important role: for example, amongst type 1 diabetic 
patients, teenagers and adolescents, for various rea-
sons related to their lifephase, are notoriously less 
compliant with their insulin regimen. Correct usage 
is also critical. More than 375,000 people in the U.S. 
use insulin pumps to treat their type 1 diabetes, while 
almost 17,000 adverse events associated with their use 
were reported from 2006 to 2008.17 Pump malfunction, 
tube leakage, use of outdated insulin, pump exposure 
to excessive heat or sunlight, catheter clogging or 
dislodgement, or infusion site infection—especially 
when the catheter and tubing set are left unchanged 
for more than 3 days—can result in interruption of 
insulin delivery.18,19

It is important to note that DKA can also develop 
in type 2 diabetics depending on the patient’s ability 
to secrete insulin (= insulin dependency) and nutri-
tional status (i.e. starvation, see paragraph further 
below “starvation ketosis”).

Several other conditions can precipitate hyper-
glycemic emergencies. Acute pancreatitis may be 
accompanied by DKA;18 while serum amylase may 
be elevated without pathologic significance, serum 
lipase is more specific for active pancreatic inflam-
mation.21 Drugs affecting carbohydrate metabolism 
(e.g. corticosteroids, second generation antipsychotic 
agents) can precipitate either emergency.22 Cocaine 
abuse causes recurrent DKA via several mechanisms, 
including therapeutic noncompliance, stimulation of 
adrenal release of epinephrine and norepinephrine 
and increased release of other counter regulatory 
hormones.23,24 Cytomegalovirus infection,25,26 protease 
inhibitor treatment,27,28 and highly active antiretroviral 
therapy (via immune restoration) may precipitate 
DKA in HIV-infected patients.29 Acute myocardial 
infarction, stroke, major trauma and other severe/
acute illnesses may precipitate either DKA or HHS.3

Differential Diagnosis

Other causes of metabolic acidosis and ketosis 
must be differentiated from DKA.

Acute renal failure accounts for ~5-7% of all adult 
hospitalizations.30,31 It shares the common feature of 
an elevated anion gap metabolic acidosis, but can 
be easily differentiated from DKA by the absence 
of hyperglycemia or ketonemia. Conversely, severe 

table 2. Precipitating causes of Diabetic Ketoacidosis and Hyper-
glycemic Hyperosmolar State
DKA HHs

Noncompliance Noncompliance
Acute illness Acute illness

Infection 30-40%  Infection 32-60%

Viral syndrome   Pneumonia

Urinary tract infection   Urinary tract infection

Pelvic inflammatory disease   Sepsis

Pneumonia  Cerebrovascular accident

Mucormycosis  Myocardial infarction

Malignant otitis externa  Acute pancreatitis

Periodontal abscess Pulmonary embolus

Dental infection Intestinal obstruction

Cytomegalovirus infection Mesenteric thrombosis 

Cerebrovascular accident Peritoneal dialysis 

Myocardial infarction Renal failure 

Acute pancreatitis Heat stroke 

New-onset diabetes (20-25%) Hypothermia 

Drugs Subdural hematoma 

Clozapine Severe burns 

Cocaine Rhabdomyolysis

Lithium Endocrine 

Terbutaline  Acromegaly 

Indinavir  Thyrotoxicosis 

Olanzapine  Cushing’s syndrome 

Orlistat Drugs 

alpha-Interferon  Calcium channel blockers

Highly active antiretroviral therapy Chlorpromazine

Corticosteoid  Chlorthalidone

Malfunction of insulin pump  Cimetidine

  Loxapine 

  Olanzapine

  Pentaidne 

  Phenytoin 

  Propranolol 

  Steroids 

  alpha-Asparaginase 

  Ethacrynic acid 

  Total parenteral nutrition

 New-onset diabetes  
DKA: diabetic keto acidosis; HHS: hyperglycemic hyperosmolar 
state
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cases of DKA or HHS can lead to prerenal azotemia 
and secondary acute kidney injury.

Uremic acidosis, characterized by an extremely high 
blood urea nitrogen, often >71.4 mmol/L (200 mg/
dL) and creatinine >884 umol/L (10 mg/dL), causes 
acidosis via retention of anionic solutes in the patient 
with chronic kidney disease. The pH and anion gap 
are often only mildly abnormal, however, and blood 
sugar is typically normal. Uremia typically develops 
when creatinine clearance falls to <0.1669 ml/s (10 
mL/min) in irreversible renal disease.32,33

Lactic acidosis occasionally contributes to met-
abolic acidosis in patients hospitalized for either 
uncomplicated diabetes or DKA.34 It occurs in the 
setting of decreased tissue oxygen delivery, triggering 
non-oxidative metabolism of glucose to lactic acid. 
When co-existent with DKA, the anion gap typically 
exceeds that attributable to lactate alone. Lactic aci-
dosis, with a serum lactate ≥5 mmol/L (45 mg/dL), 
accompanies DKA and HHS when severe volume 
depletion compromises cardiac output; pre-existent 
cardiovascular disease increases this risk. Underlying 
liver disease (with reduced lactate clearance) and 
sepsis may also be accompanied by more frequent/
severe lactic acidosis in hyperglycemic emergencies. 
Therapy is directed at optimizing tissue perfusion 
and treating underlying conditions.23,32

Starvation ketosis, caused by insufficient carbohy-
drate availability, results in physiologically appropriate 
lipolysis and ketogenesis to provide fuel substrates. 
Blood glucose and arterial pH are usually normal and 
the anion gap is at most mildly elevated. Although 
ketonuria may be pronounced, ketonemia is typically 
modest.23,32 

Alcoholic ketosis is seen in patients who abuse 
alcohol chronically and for whom ethanol has been 
the predominant caloric source for days or weeks. 
Ketosis occurs when alcohol and caloric intake de-
crease suddenly. Usually, patients are normoglycemic 
or hypoglycemic on presentation, although mild 
hyperglycemia is occasionally present.32

Toxic ingestions can be differentiated by history and 
laboratory studies. Salicylate, methanol and ethylene 
glycol each produce an elevated anion gap metabolic 
acidosis without hyperglycemia or ketosis. Methanol 

and ethylene glycol will also cause a serum osmolal 
gap.23,32 Measuring suspected drug/toxin concentra-
tions when the index of suspicion is high can confirm 
the diagnosis of acute intoxication.35-38

Non-anion gap metabolic acidosis is characterized 
by a low serum bicarbonate concentration (via gas-
trointestinal or renal losses) with subsequent chloride 
retention. Diarrhea and renal tubular acidosis are 
frequent causes of this condition, which can also oc-
cur with carbonic anhydrase inhibitor therapy. Rapid 
dilution of plasma bicarbonate by infused saline can 
result in a non-anion gap metabolic acidosis as well.39,40 
Diabetic ketoacidosis can be easily differentiated from 
this condition by the presence of an increased anion 
gap and hyperglycemia. Hypoalbuminemia can affect 
the apparent anion gap, since albumin is a negatively 
charged protein contributing 50-60% to the “normal” 
anion gap of 10-15; the calculated anion gap should 
be corrected by adding 2.5 for every 10 g/L (1 g/dL) 
that the albumin is below the normal value of 40 g/L 
(4 g/dL) to determine whether excessive abnormal 
anions are present.41-43

treatment

Treatment of both DKA and HHS focuses on 
replacing volume deficits, correcting electrolytes, 
reversing the acid-base imbalance, normalizing blood 
glucose and treating precipitating factors to prevent 
recurrence and hasten recovery. Successful treatment 
of either condition requires frequent monitoring 
of clinical and laboratory parameters. A flow sheet 
recording laboratory results, vital signs and fluid 
balance is helpful in monitoring progress and adjust-
ing therapy.23 A systematic approach to treatment 
should achieve clinical stability within 12-36 hours. 
A sample protocol for managing adult patients with 
hyperglycemic emergencies is summarized in Figure 1.

Additionally, endocrinology/diabetes team con-
sultations may result in shorter hospital stays, fewer 
medical procedures and lower medical costs,44,45 and 
should be considered for most patients.

Fluids

Both conditions are volume depletion states, with 
water deficits varying widely but averaging 6 L in DKA 
and 9 L in HHS (Table 1). The goal of fluid resuscita-



Figure 1. Protocol for management of adult patients with DKA or HHS (modified from reference 3, 5 and 47).
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tion is to replace half of the estimated water deficit 
over the first 12-24 hours. In hypotensive patients, 
aggressive fluid resuscitation with isotonic saline 
should be continued until blood pressure normalizes.

Hyperglycemia can reduce serum sodium by caus-
ing an osmotically driven shift of water from intracel-
lular to extracellular compartments. Although previous 
prediction models estimated that each 5.5 mmol/L (100 
mg/dL) increment in glucose above normal resulted 
in an expected decrease of 1.6 mmol/L (1.6 mEq/L) 
in measured serum sodium,46 a subsequent study sug-
gests that 2.4 mmol/L (2.4 mEq/L) per 5.5 mmol/L 
(100 mg/dL) glucose increment is more accurate.47

The initial fluid of choice is isotonic saline, gener-
ally given for the first 4 hours of therapy, to expand 
interstitial and intravascular volume (Table 3). Sub-

sequent fluid replacement depends upon the state of 
hydration, serum electrolytes and urine output. Fluid 
resuscitation should be individualized according to 
the patient’s degree of dehydration, mental status 
and underlying diseases such as congestive heart 
failure. Glucose, an osmotic diuretic, may produce 
a high urine output even in severely dehydrated 
patients. The threshold for glycosuria in healthy 
adults occurs at plasma glucose concentration of ap-
proximately 9.99 mmol/L (180 mg/dL), though adults 
with long-standing diabetic nephropathy may have 
considerably higher thresholds; hence, urine output 
should not be considered a reliable predictor of vol-
ume status in hyperglycemic states.48 When patients 
are hypernatremic or eunatremic, 0.45% sodium 
chloride infusion is an appropriate replacement for 
free water lost by glycosuric diuresis. Dextrose, 5% 
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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
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changes develop). Adding 20-30 mmol (20-30 mEq) 
potassium to each liter of infused fluid is usually an 
adequate replacement strategy, but additional doses 
may be necessary.3,7,32

Bicarbonate

Serum bicarbonate is always low in DKA; however, 
because ketoacid and lactate anions are metabolized 
to bicarbonate with effective therapy, bicarbonate 
administration is rarely needed and is in fact highly 
controversial.63 Exogenous bicarbonate may pre-
cipitate hypokalemia, reduce tissue oxygen uptake, 
increase the risk of cerebral edema and delay resolu-
tion of ketosis.63-66 It should be reserved for patients 
with severe acidosis (arterial pH <6.9), or when pH 
is <7.1 and hemodynamic instability or hyperkalemic 
electrocardiographic changes are present.7,32 In these 
circumstances, 100 mmol (100 mEq) or 100 mL of 
sodium bicarbonate mixed in 400 mL sterile water 
and infused at 200 mL/hour (40 mmol/hour) is usu-
ally sufficient, though re-dosing every 2 hours may 
be considered until pH exceeds 7.0.7,32 Potassium 
replacement should be considered before adminis-
tering bicarbonate, or KCL should be added in the 
bicarbonate solution at 40 mmol (40 mEq) KCl/L to 
avoid precipitous hypokalemia.7,32

Phosphate

Though phosphate is also depleted in DKA, pa-
tients usually present with a normal or elevated serum 
phosphate level which falls rapidly with insulin thera-
py.7,32 Routine phosphate repletion confers no proven 
benefit on clinical outcome,32-68 but most authorities 
recommend replacement when severe <0.323 mmol/L 
(1 mg/dL) or when evidence of clinical compromise 
(hemolysis, refractory acidosis, reduced cardiac out-
put, respiratory muscle weakness, rhabdomyolysis, 
central nervous system depression, seizures, coma or 
acute renal failure) is present.7,32,69,70 In these settings, 
replacement with doses of 20-40 mmol potassium or 
sodium phosphate intravenously, at a maximum rate 
of 20 mmol/hour, appears safe and effective.70,71 Oral 
phosphate may be administered subsequently, or pri-
marily in less severe deficiencies; recommended doses 
are 80-110 mmol (2.5-3.5 g) daily in 2-3 divided doses 
for patients tolerating oral intake. As intravenous 
phosphate administration may lead to hypocalcemia 
and hypomagnesemia, serum levels of both should be 

measured, and replacement given as needed, prior 
to initiating phosphate replacement.7,32,70

Studies to date have not demonstrated any value 
of phosphate replacement in patients with HHS. 
Physicians may follow the same treatment principles 
as in DKA patients with severe hypophosphatemia 
if replacement is considered.10

Monitoring

Patients with mild or uncomplicated DKA can 
be managed in non-ICU telemetry units and expect 
outcomes similar to those treated in an ICU setting.72-76 
As age is an independent predictor of mortality in 
patients with HSS2 and HHS is more common in 
elderly patients with type 2 diabetes and significant 
co-morbidities, it is reasonable that all such patients 
be admitted to an ICU.12

General recommendations for ongoing laboratory 
monitoring include hourly blood glucose levels for the 
first 4-6 hours, and at 2 hour intervals subsequently; 
electrolyte and CO2 content (every 2-4 hours) and 
blood urea nitrogen and creatinine levels (every 4 
hours) should also be monitored until stable. Fluid 
intake and output should be accurately recorded.3 
Since serum bicarbonate and anion gap are good 
indices of therapeutic response, repeated assessments 
of arterial blood gases or serum or urine ketones are 
usually unnecessary. As β-hydroxybutyrate converts to 
acetoacetate, and conventional (nitroprusside) test-
ing detects only acetoacetate and acetone, standard 
ketone levels during therapy may appear unchanged 
or erroneously high even when treatment has success-
fully arrested ketogenesis.32 When acidosis begins to 
resolve, the anion gap falls to near normal and the 
response to glycemic therapy becomes predictable, 
it is reasonable to reduce laboratory test frequency.32 
Persistent acidosis that does not respond to treat-
ment may be caused by sepsis, concomitant illness 
or inadequate insulin dosing and mandates further 
evaluation and intervention.3,32

Complications of Therapy

Hypoglycemia and hypokalemia are the two most 
common complications seen during treatment of DKA 
and HHS.7 Hyperchloremic metabolic acidosis is a 
highly predictable consequence of sodium chloride 
loading during volume resuscitation, appears to be 
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of no clinical consequence and resolves spontane-
ously within several days.12 Cerebral edema occurs 
in 0.3-1% of children with DKA but is very rare in 
adults7,77 and its mechanism is debated.7,77-83 Other 
reported life-threatening complications include adult 
respiratory distress syndrome, hydrostatic pulmonary 
edema, bronchial mucous plugging, ischemic intestinal 
necrosis and arterial and venous thromboses;32,84-88 
standard low-dose unfractionated heparin or low 
molecular weight heparin prophylaxis is reasonable 
adjunctive therapy when no contra-indications are 
present.32,87

Prevention of recurrences

Hyperglycemic emergencies are usually prevent-
able. Infection and medical noncompliance are the two 
most common causes of DKA and HHS. Established 
patients should be educated on how to manage their 
diabetes during stress or infection; this “sick-day man-
agement” includes never omitting insulin, preventing 
dehydration and hypoglycemia, monitoring blood 
glucose frequently, testing for ketosis, administering 
supplemental rapid-acting insulin doses according to 
prescribed guidelines, treating underlying triggers 
early and aggressively and having frequent contact 
with their diabetes health care team to evaluate their 
acute condition.32,89 Patient education and 24-hour ac-
cess to care are cornerstones of preventive therapy.90

Teenagers and adolescents with type 1 diabetes 
should be advised to not ignore the fact that they have 
a life-threatening disease that requires insulin to avoid 
repetitive hospital admissions for DKA. The transi-
tion period from adolescence to adulthood of these 
patients is very important, especially when consider-
ing the infrastructure (health insurance) of certain 
countries, with patients often being lost because of 
their inability to pay the medical bills. It is unclear 
whether this explains in part why the data from the 
CDC over the period of 25 years (1980-2005) showed 
a rise from 62,000 hospital discharges per year (1980) 
in the United States to 120,000 hospital discharges per 
year (2005).1 On the other hand, despite this rise in 
incidence, better understanding of the pathogenesis 
of DKA and HHS and the implementation of treat-
ment guidelines have led to a decline in mortality 
rates for these conditions.90

Elderly patients with limited mobility or living in 

a nursing home may be unable to replace excessive 
fluid losses during inter-current illnesses and are at 
particularly high risk for developing HHS. Educating 
caregivers to recognize signs and symptoms of wors-
ening hyperglycemia and dehydration can reduce the 
incidence and severity of HHS. For patients who live 
alone, family or friends should check daily to assess 
for changes in mental status or signs of dehydration.

summary

Though the hyperglycemic emergencies DKA 
and HHS are life-threatening, with mortality rates 
up to 20% (for HHS), they are largely preventable 
conditions. A diligent search for precipitating causes 
contributes to better outcomes and fewer recurrences, 
while an organized, methodical and aggressive ap-
proach to treatment can achieve clinical stability in 12-
36 hours. Patient education and easy access to health 
care resources are essential to prevent recurrences.

No conflict of interest or financial support declared.
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