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With appropriate therapy, the mortality rate of DKA is low (<1%)
and is related more to the underlying or precipitating event, such
as infection or myocardial infarction. Venous thrombosis, upper
gastrointestinal bleeding, and acute respiratory distress syndrome
occasionally complicate DKA. The major nonmetabolic complication of DKA therapy is cerebral edema, which most often develops
in children as DKA is resolving. The etiology of and optimal therapy
for cerebral edema are not well established, but overreplacement of
free water should be avoided.
Following treatment, the physician and patient should review
the sequence of events that led to DKA to prevent future recurrences. Foremost is patient education about the symptoms of
DKA, its precipitating factors, and the management of diabetes
during a concurrent illness. During illness or when oral intake is
compromised, patients should (1) frequently measure the capillary blood glucose; (2) measure urinary ketones when the serum
glucose is >16.5 mmol/L (300 mg/dL); (3) drink fluids to maintain
hydration; (4) continue or increase insulin; and (5) seek medical
attention if dehydration, persistent vomiting, or uncontrolled
hyperglycemia develop. Using these strategies, early DKA can
be prevented or detected and treated appropriately on an outpatient basis.

PART 16
Endocrinology and Metabolism

HYPERGLYCEMIC HYPEROSMOLAR STATE
Clinical Features The prototypical patient with HHS is an elderly individual with type 2 DM, with a several-week history of polyuria, weight
loss, and diminished oral intake that culminates in mental confusion,
lethargy, or coma. The physical examination reflects profound dehydration and hyperosmolality and reveals hypotension, tachycardia,
and altered mental status. Notably absent are symptoms of nausea,
vomiting, and abdominal pain and the Kussmaul respirations characteristic of DKA. HHS is often precipitated by a serious, concurrent
illness such as myocardial infarction or stroke. Sepsis, pneumonia,
and other serious infections are frequent precipitants and should be
sought. In addition, a debilitating condition (prior stroke or dementia)
or social situation that compromises water intake usually contributes
to the development of the disorder.
Pathophysiology Relative insulin deficiency and inadequate fluid
intake are the underlying causes of HHS. Insulin deficiency increases
hepatic glucose production (through glycogenolysis and gluconeogenesis) and impairs glucose utilization in skeletal muscle (see above
discussion of DKA). Hyperglycemia induces an osmotic diuresis that
leads to intravascular volume depletion, which is exacerbated by
inadequate fluid replacement. The absence of ketosis in HHS is not
understood. Presumably, the insulin deficiency is only relative and less
severe than in DKA. Lower levels of counterregulatory hormones and
free fatty acids have been found in HHS than in DKA in some studies.
It is also possible that the liver is less capable of ketone body synthesis
or that the insulin/glucagon ratio does not favor ketogenesis.
Laboratory Abnormalities and Diagnosis The laboratory features in
HHS are summarized in Table 418-6. Most notable are the marked
hyperglycemia (plasma glucose may be >55.5 mmol/L [1000 mg/dL]),
hyperosmolality (>350 mosmol/L), and prerenal azotemia. The measured serum sodium may be normal or slightly low despite the marked
hyperglycemia. The corrected serum sodium is usually increased (add
1.6 meq to measured sodium for each 5.6-mmol/L [100-mg/dL] rise in
the serum glucose). In contrast to DKA, acidosis and ketonemia are
absent or mild. A small anion-gap metabolic acidosis may be present
secondary to increased lactic acid. Moderate ketonuria, if present, is
secondary to starvation.
TREATMENT

Hyperglycemic Hyperosmolar State

Volume depletion and hyperglycemia are prominent features
of both HHS and DKA. Consequently, therapy of these disorders
shares several elements (Table 418-8). In both disorders, careful
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monitoring of the patient’s fluid status, laboratory values, and
insulin infusion rate is crucial. Underlying or precipitating problems
should be aggressively sought and treated. In HHS, fluid losses and
dehydration are usually more pronounced than in DKA due to the
longer duration of the illness. The patient with HHS is usually older,
more likely to have mental status changes, and more likely to have
a life-threatening precipitating event with accompanying comorbidities. Even with proper treatment, HHS has a substantially higher
mortality rate than DKA (up to 15% in some clinical series).
Fluid replacement should initially stabilize the hemodynamic status of the patient (1–3 L of 0.9% normal saline over the first 2–3 h).
Because the fluid deficit in HHS is accumulated over a period of
days to weeks, the rapidity of reversal of the hyperosmolar state
must balance the need for free water repletion with the risk that
too rapid a reversal may worsen neurologic function. If the serum
sodium is >150 mmol/L (150 meq/L), 0.45% saline should be used.
After hemodynamic stability is achieved, the IV fluid administration is directed at reversing the free water deficit using hypotonic
fluids (0.45% saline initially, then 5% dextrose in water [D5W]). The
calculated free water deficit (which averages 9–10 L) should be
reversed over the next 1–2 days (infusion rates of 200–300 mL/h
of hypotonic solution). Potassium repletion is usually necessary
and should be dictated by repeated measurements of the serum
potassium. In patients taking diuretics, the potassium deficit can
be quite large and may be accompanied by magnesium deficiency.
Hypophosphatemia may occur during therapy and can be improved
by using KPO4 and beginning nutrition.
As in DKA, rehydration and volume expansion lower the plasma
glucose initially, but insulin is also required. A reasonable regimen
for HHS begins with an IV insulin bolus of 0.1 unit/kg followed by
IV insulin at a constant infusion rate of 0.1 unit/kg per hour. If the
serum glucose does not fall, increase the insulin infusion rate by
twofold. As in DKA, glucose should be added to IV fluid when the
plasma glucose falls to 13.9 mmol/L (250 mg/dL), and the insulin
infusion rate should be decreased to 0.05–0.1 unit/kg per hour. The
insulin infusion should be continued until the patient has resumed
eating and can be transferred to a SC insulin regimen. The patient
should be discharged from the hospital on insulin, although some
patients can later switch to oral glucose-lowering agents.

MANAGEMENT OF DIABETES IN A HOSPITALIZED PATIENT
Virtually all medical and surgical subspecialties are involved in the
care of hospitalized patients with diabetes. Hyperglycemia, whether
in a patient with known diabetes or in someone without known
diabetes, appears to be a predictor of poor outcome in hospitalized
patients. General anesthesia, surgery, infection, or concurrent illness
raises the levels of counterregulatory hormones (cortisol, growth
hormone, catecholamines, and glucagon) and cytokines that may
lead to transient insulin resistance and hyperglycemia. These factors
increase insulin requirements by increasing glucose production and
impairing glucose utilization and thus may worsen glycemic control.
The concurrent illness or surgical procedure may lead to variable
insulin absorption and also prevent the patient with DM from eating
normally and, thus, may promote hypoglycemia. Glycemic control
should be assessed on admission using the HbA1c. Electrolytes, renal
function, and intravascular volume status should be assessed as well.
The high prevalence of CVD in individuals with DM (especially in
type 2 DM) may necessitate preoperative cardiovascular evaluation
(Chap. 419).
The goals of diabetes management during hospitalization are nearnormoglycemia, avoidance of hypoglycemia, and transition back to
the outpatient diabetes treatment regimen. Upon hospital admission,
frequent glycemic monitoring should begin, as should planning for
diabetes management after discharge. Glycemic control appears to
improve the clinical outcomes in a variety of settings, but optimal
glycemic goals for the hospitalized patient are incompletely defined.
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