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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




