
HHS (or HONK) represents a syndrome of acute diabetic decompensation characterised 
by marked hyperglycaemia, hyperosmolarity & dehydration with associated decreased 
mental functioning (that can progress to frank coma).

• Ketosis & acidosis are generally minimal or absent.
• Focal neurological signs are common.
• DKA and HHS can occur together.

Pathophysiology.

The exact pathophysiology will vary from patient to patient, however most HHS patients 
are elderly & a contributing factor is declining renal function (& associated decreased renal 
clearance of glucose).

• Decreased insulin action.
• Gluconeogenesis, glycogenolysis, reduced peripheral glucose uptake.

• Fluid shift (intracellular space --> extracellular space).
• Profound osmotic diuresis.

• Extremely hypotonic.
• Urine Na+ = 50-70mmol/L

• Diuresis leads to profound dehydration.
• Hyperglycaemia
• Hypernatraemia (w/ assoc. hypertonicity).

• Compounded by inadequate fluid intake (stroke, Alzheimerʼs, etc...)
• Ketone formation limited by lower levels of circulating FFAʼs.

HYPERGLYCAEMIC HYPEROSMOLAR 
NON-KETOTIC COMA
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Disposition

Most patients with DKA require hospital admission, often  
to the intensive care unit. All pregnant diabetic patients  
in DKA require admission and consultation with an endocri-
nologist and obstetrician specializing in the care of high- 
risk pregnancies. Some children (initial pH > 7.35, bicarbonate 
≥ 20 mEq/L) with resolution of findings who can tolerate oral 
fluids after 3 or 4 hours of treatment may be discharged home 
with a reliable caregiver.52 Patients who have mild DKA may 
be treated on an outpatient basis if (1) the patient or parent is 
reliable, (2) the underlying causes do not require inpatient 
therapy, and (3) close follow-up is pursued.

! HYPERGLYCEMIC HYPEROSMOLAR 
NONKETOTIC COMA

Hyperglycemic hyperosmolar nonketotic coma (HHNC)  
represents a syndrome of acute diabetic decompensation  
characterized by marked hyperglycemia, hyperosmolarity  
and dehydration, and decreased mental functioning that may 
progress to frank coma. Ketosis and acidosis are generally 
minimal or absent. Focal neurologic signs are common. DKA 
and HHNC may occur together; some even consider HHNC 
and DKA to be at two ends of a spectrum, with many patients 
in the middle.6,53

Principles of Disease

Pathophysiology

As with DKA, the pathophysiology of HHNC varies with the 
particular patient. Because most patients with HHNC are 
elderly, decreased renal clearance of glucose produced by the 
decline of renal function with age often contributes to the 
illness. As with DKA, decreased insulin action results in gly-
cogenolysis, gluconeogenesis, and decreased peripheral uptake 
of glucose. The hyperglycemia pulls fluid from the intracellu-
lar space into the extracellular space, transiently maintaining 
adequate perfusion. Soon, however, this fluid is lost in a pro-
found osmotic diuresis, limited finally by hypotension and a 
subsequent drop in the glomerular filtration rate (GFR). The 
urine is extremely hypotonic, with a urine sodium concentra-
tion between 50 and 70 mEq/L, compared with 140 mEq/L in 
extracellular fluid. This hypotonic diuresis produces profound 
dehydration, leading to hyperglycemia, hypernatremia, and 
associated hypertonicity. Often the patient is prevented from 
taking in adequate fluids by stroke, Alzheimer’s disease, or 
other diseases, greatly exacerbating the dehydration of renal 
origin.

The reason for the absence of ketoacidosis in HHNC is 
unknown. FFA levels are lower than in DKA, thus limiting 
substrates needed to form ketones. The most likely reason for 
the blunted counter-regulatory hormone release and lack of 
ketosis seems to be that these patients continue to secrete the 
tiny amount of insulin required to block ketogenesis.54

Etiology

HHNC is a syndrome of severe dehydration that results from 
a sustained hyperglycemic diuresis under circumstances in 
which the patient is unable to drink sufficient fluids to offset 
the urinary losses. The full-blown syndrome does not usually 
occur until volume depletion has progressed to the point of 
decreased urine output.

HHNC is most common in elders with type 2 diabetes  
but has been reported in children with type 1 diabetes.55 

External Insult
Trauma
Burns
Dialysis
Hyperalimentation

Disease Process
Cushing’s syndrome and other endocrinopathies
Hemorrhage
Myocardial infarction
Renal disease
Subdural hematoma
Cerebrovascular accident
Infection
Down syndrome

Drugs
Antimetabolites
L-Asparaginase
Chlorpromazine
Chlorpropamide
Cimetidine
Diazoxide
Didanosine
Ethacrynic acid
Furosemide
Glucocorticoids
Immunosuppressants
Olanzapine and other atypical antipsychotics
Phenytoin
Propranolol
Thiazides

BOX 124-8 PRECIPITANTS OF HYPERGLYCEMIC HYPEROSMOLAR 
NONKETOTIC COMA

Box 124-8 lists the broad range of predisposing factors.5 HHNC 
may occur in patients who are not diabetic, especially after 
burns, parenteral hyperalimentation, peritoneal dialysis, or 
hemodialysis.56

Clinical Features

The prodrome of HHNC is significantly longer than that of 
DKA. Clinically, extreme dehydration, hyperosmolarity, 
volume depletion, and CNS findings predominate.54 If awake, 
patients may complain of fever, thirst, polyuria, or oliguria. 
Approximately 20% of patients have no known history of type 
2 diabetes. The most common associated diseases are chronic 
renal insufficiency, gram-negative pneumonia, GI bleeding, 
and gram-negative sepsis. Of these patients, 85% have under-
lying renal or cardiac impairment as a predisposing factor. 
Arterial and venous thromboses often complicate the picture.

The patient often exhibits orthostatic hypotension or frank 
hypotension, tachycardia, and fever with signs of marked 
dehydration. On average, the HHNC patient has a 24%  
fluid deficit, or 9 L in the 70-kg patient. The depression of  
the sensorium correlates directly with the degree and rate  
of development of hyperosmolarity. Some patients have 
normal mental status. Seizures are usually associated with neu-
rologic findings, especially epilepsia partialis continua (con-
tinuous focal seizures) and intermittent focal motor seizures. 
Stroke and hemiplegia are also common. Less common neu-
rologic findings include choreoathetosis, ballismus, dysphagia, 



Clinical Features.

The prodrome is significantly longer than 
for DKA. 

Extreme dehydration, hyperosmolality, 
volume depletion (up  to 24% fluid deficit) & 
CNS findings predominate.

Fever, thirst, polyuria or oliguria are 
commonly found symptoms.

Up to 20% will have no prior Hx of T2DM.

There may be evidence of the precipitating/underlying cause.

Neurological symptoms are varied & include; seizures (generalised or focal), stroke or 
hemiplegia, choreoathetoisis, ballismus, dysphagia, myoclonus, hemianopsia, nystagmus, 
visual hallucination & acute quadriplegia.

Diagnostic Strategies.

• Blood Glucose: > 30mmol/L
• Ketones < 3mmol/L. 
• pH > 7.30 or HCO3 > 15mmol/L

• Serum Osmolarity: > 320-350 mOsmol/L

• Elevated urea/creatinine.
• Deranged electrolytes (particularly Na+).

• Potassium, phosphate, magnesium (may seem elevated but there is 
generally a whole body deficit).

Differential Diagnosis.

Identical to that of DKA.
• Alcohol vs starvation ketoacidosis. 
• DDx of HAGMA & raised osmolar gaps (toxic alcohols).
• Water intoxication w/ dilutional hyponatraemia. 
• DDx of stroke/coma/altered mental state.
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Definition and Diagnosis

A precise definition of HHS does not exist and would be inappropriate, but there are characteristic features
that differentiate it from other hyperglycaemic states such as DKA. Defining HHS by osmolality alone is
inappropriate without taking into account other clinical features.  

A survey of hospital guidelines in the UK suggests the following would be reasonable:

• high osmolality, often 320 mosmol/kg or more

• high blood glucose, usually 30 mmol/L or more

• severely dehydrated and unwell. 

People with HHS are generally older, but increasingly, as the diabetes pandemic crosses generational
boundaries, it may be seen in young adults and even children, as the first presentation (Fourtner 2005). 
In HHS there is usually no significant ketosis/ketonaemia (less than 3 mmol/L), though a mild acidosis (pH
greater than 7.3, bicarbonate greater than 15 mmol/L) may accompany the pre-renal failure. Some
patients have severe hypertonicity and ketosis and acidosis (mixed DKA and HHS). This presumably reflects
insulin deficiency, due to beta cell exhaustion as a result of temporary glucotoxicity. These patients may
require a modification of this treatment guideline to take into account which aspect predominates.

Characteristic features of a person 
with HHS:

Hypovolaemia

+

Marked hyperglycaemia (>30 mmol/L)
without significant hyperketonaemia (<3.0
mmol/L) or acidosis (pH>7.3, bicarbonate

>15 mmol/L)

+

Osmolality >320 mosmol/kg

Calc. Osmolarity = 2x [Na+] + urea + glucose + EtOH.

Corrected Sodium = measured Na+ + [glucose/3]



Management.

General Measures.
• The approach to the patient w/ severe DKA is the same as any patient in extremis.
• ABCD approach.
• Obtunded & vomiting, requires airway protection.
• Hypovolaemic shock requires aggressive fluid resuscitation.
• Identify & treat the precipitating illness.

Dehydration.
• GOAL: Expansion of intravascular volume & extravascular volume, plus restore 

peripheral perfusion
• 0.9% Saline (or Hartmannʼs) is appropriate.

• Normal Saline is already hypotonic relative to patients serum.
• 1st liter over 1st hour, 2nd liter over next 2-4 hours, as a rough guide.
• Aim 3-6 liters in first 12 hours.
• Treat more aggressively if patient is in shock !!

• Hypotonic fluid (0.45% saline) may be required if osmolality is not declining despite 
adequate positive fluid balance.

• Serum sodium levels should not fall > 10mmol in 24 hours !!
• Cautious administration to avoid fluid overload.
• Glucose should be added to IV fluids when serum levels drop to 15-16mmol/L.

• Aim to control glucose drop by < 5mmol/hr.

Electrolytes.
• as per management for DKA.

Insulin.
• as per DKA management.
• Start after volume resuscitation commences.
• Infusion @ 0.05 - 0.1 units/kg/hr.

• May need to increase to 5 units/kg/hr.
• No bolus.

Other Considerations.
• Vigorous search for underlying precipitant.
• If seizures occur; phenytoin is contraindicated.

• May impair endogenous insulin release.
• DVT prophylaxis is crucial.

• Volume depletion, hyperviscosity etc.
• Foot ulcer prevention / Pressure area care.
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Initial Assessment of fluid volume
status
Hyperglycaemia results in an osmotic diuresis and renal losses of water in excess of sodium and potassium
(Arrief 1972). Thus in managing HHS there is a requirement to correctly identify and address both
dehydration and extracellular volume depletion, depending upon the degree of free water and sodium
deficit as assessed in any individual case. Fluid losses in HHS are estimated to be between 100-220 ml/kg
(10-22 litres in a person weighing 100 kg) – Table 1.

Clinical

Acute impairment in cognitive function may be associated with dehydration but is not specific to the
condition and is not necessarily present. Alterations in mental status are common with osmolalities over
330 mosmol/kg. The constellation of sunken eyes, longitudinal furrows on the tongue and extremity
weakness correlates well with raised blood urea (Gross 1992, Sinert 2005). Severe hypovolaemia may
manifest as tachycardia (pulse >100 bpm) and/or hypotension (systolic blood pressure <100 mmHg),
(Lapides 1965, Delaney 2000, Kavouras 2002). Patients will usually be identified as being at high risk by
use of a validated triage Early Warning Scoring systems (EWS).

Despite these severe electrolyte losses and total body volume depletion, the typical patient with HHS, may
not look as dehydrated as they are, because the hypertonicity leads to preservation of intravascular
volume, causing movement of water from intracellular to extracellular – see Figure 1 (Coller 1935, Mange
1997, Bartoli 2009).

Biochemical

HHS should not be diagnosed from biochemical parameters alone. However, the blood glucose is
markedly raised (usually 30 mmol/L or more), as is the osmolality. 

Osmolality is useful, both as an indicator of severity and for monitoring the rate of change with treatment.
As frequent measurement of osmolality is not usually available in UK hospitals, osmolarity should be
calculated as a surrogate using the formula 2Na+ + glucose + urea.  

This gives the best approximation to measured osmolality, though a more accurate formula has been
derived (Bhagat 1984). (For the sake of clarity, calculated osmolarity and measured osmolality will be
referred to as osmolality in the rest of this guideline). Urea is not an effective osmolyte but including it in
the calculation is important in the hyperosmolar state, as it is one of the indicators of severe dehydration.  

For 60 kg patient For 100 kg patient

Water 100-220 ml/kg 6-13 litres 10-22 litres

Na+ 5-13 mmol/kg 300-780 mmol 500-1300 mmol

Cl- 5-15 mmol/kg 300-900 mmol 500-1500 mmol

K+ 4-6 mmol/kg 240-360 mmol 400-600 mmol

Table 1 – Typical fluid and electrolyte losses in HHS (Kitabachi 2009)

Complications.
• Cerebral oedema / pontine 

myelinolysis.
• Cardiac failure/ischaemia. 

Renal failure.



Disposition.
All patients presenting to ED with a diagnosis of HSS/HONK should be admitted for further 
treatment.

The presence of one or more of the following should indicate admission to HDU.
• Osmolality > 350 mosmol/kg.
• Sodium > 160mmol/L
• pH < 7.10
• Hypokalaemia (< 3.5mmol/L) or Hyperkalaemia (> 6mmol/L)
• GCS < 12.
• Oxygen Saturations < 92% (on room air)
• Systolic BP < 90mmHg.
• Pulse > 100/min or < 60/min.
• Urine Output < 0.5 mL/kg/hr
• Creatinine > 200.
• Hypothermia.
• Macrovascular complication (ACS, CVA)
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segmental myoclonus, hemiparesis, hemianopsia, central 
hyperpyrexia, nystagmus, visual hallucinations, and acute 
quadriplegia.

Diagnostic Strategies

Laboratory findings usually reveal a blood glucose level  
greater than 600 mg/dL and serum osmolarity greater than 
350 mOsm/L. The BUN concentration is invariably elevated 
(see Table 124-2). Although patients with HHNC do not 
have a ketoacidosis caused by diabetes, they may have a meta-
bolic acidosis secondary to some combination of lactic acidosis, 
starvation ketosis, and retention of inorganic acids attributable 
to renal hypoperfusion.

The patient with HHNC typically manifests more profound 
electrolyte imbalance than the patient with DKA. Levels of 
potassium, magnesium, and phosphorus may seem initially 
high, even in the presence of marked total deficit. In the 
absence of acidemia, however, the discrepancy between the 
initial electrolyte reading and body stores is less than that of 
DKA. Initial serum sodium readings are inaccurate because of 
hyperglycemia.

Differential Considerations

The differential diagnosis of HHNC is identical to that for 
DKA. In addition, diabetic patients receiving chlorpropamide 
are subject to water intoxication with dilutional hyponatremia, 
which may manifest as coma without acidosis that is clinically 
indistinguishable from HHNC. The patient with HHNC  
who has a sharply depressed sensorium may not be initially 
distinguishable from the patient with profound hypoglycemia. 
When blood glucose cannot be rapidly checked, the  
immediate administration of one ampule of D50W minimally 
worsens HHNC and may be lifesaving for patients with 
hypoglycemia.

Management

The fluid, electrolyte, and insulin regimens for the initial 
resuscitation in HHNC are subject to the same controversies 
as the therapies for DKA (Box 124-9). Whereas some physi-
cians use half-NS solution rapidly infused, most use NS solu-
tion, switching to half-NS later in the resuscitation. Just as  
in DKA, overly rapid correction of serum osmolarity may  
predispose to the development of cerebral edema in children. 
There are few reports of cerebral edema complicating HHNC 
in adults.

Dehydration

Under central venous or pulmonary artery pressure monitor-
ing, rapid administration of NS in a similar fashion to initial 
therapy for DKA is generally safe. For patients in coma or 
hypovolemic shock, initial IV fluid infusion should be given 
as rapidly as possible. If the patient does not have central 
monitoring and is not in coma or shock, vigorous IV fluid 
administration, such as 1 L/hr, is prudent and provides suffi-
cient rehydration. In any circumstance, after 2 to 3 L of NS, 
0.45% NS solution should be substituted. As the fluid deficits 
and hyperosmolarity are corrected, the infusion rate must be 
slowed and electrolytes managed. In patients with concomi-
tant congestive heart failure, sterile water has been success-
fully administered by central venous line at a rate of 500 mL/hr, 
with no detectable hemolysis or other complications. Glucose 
should be added to resuscitation fluids when the blood glucose 
level drops below 300 mg/dL.

Identify HHNC, then treatment is the same as initial DKA 
treatment.

1. Supplement insulin.
± Bolus: 0.05–0.1 U/kg regular insulin IV
Maintenance: 0.05–0.1 U/kg regular insulin IV

Caution: Serum glucose rapidly corrects with fluid 
administration alone; monitor glucose to avoid 
hypoglycemia.

Change IV solution to D5W 0.45% NS when glucose 
≤ 300 mg/dL.

2. Rehydrate.
Rapid administration of 2–3 L NS over first several hours
CVP monitoring may be necessary in patients with 

history of heart disease.
Correct one half of fluid deficit in first 8 hours, 

remainder over 24 hours.
3. Correct electrolyte abnormalities.

Sodium
Correct with administration of NS and 0.45% NS.

Potassium
First ensure adequate renal function.
Add 20–40 mEq KCl to each liter of fluid.

Phosphorus
Usually unnecessary to replenish

Magnesium
Correct with 1–2 g MgSO4 (in first 2 L if magnesium is 

low).
4. Correct acidosis.

Add 44–88 mEq/L to first liter of IV fluids only if pH ≤ 7.0.
Correct to pH 7.1.

5. Search for and correct underlying precipitant.
6. Monitor progress and keep meticulous flow sheets.

Vital signs
Fluid intake and urine output
Serum glucose, K+, Cl−, HCO3

−, CO2, pH, ketones
Amount of insulin administered

7. Admit to hospital or intensive care unit.

BOX 124-9 SUMMARY OF TREATMENT FOR HYPERGLYCEMIC 
HYPEROSMOLAR NONKETOTIC COMA

CVP, central venous pressure; DKA, diabetic ketoacidosis; HHNC, 
hyperglycemic hyperosmolar nonketotic coma; NS, normal saline.

Electrolytes

The guidelines for the administration of potassium, magne-
sium, and phosphorus are similar to those for DKA.

Insulin

Low-dosage insulin, such as that administered in the patient 
with DKA, is generally effective and safe when the restoration 
of volume has been instituted.

Other Considerations

A vigorous search for the underlying precipitant for HHNC 
must be pursued. Response to therapy should be followed  
in the manner described for patients in DKA. Phenytoin 
(Dilantin) is contraindicated for the seizures of HHNC because 
it is often ineffective and may impair endogenous insulin 
release. Phenytoin-induced HHNC even occurs in nondia-
betic patients. Low-dosage subcutaneous heparin may be  


