
H

Hyperglycemic Hyperosmolar Syndrome in Children: Pathophysiological
Considerations and Suggested Guidelines for Treatment

Phil Zeitler, MD, PhD, Andrea Haqq, MD, Arlan Rosenbloom, MD, and Nicole Glaser, MD for the Drugs and Therapeutics

Committee of the Lawson Wilkins Pediatric Endocrine Society*
From the Department of Pediatrics, University of Colorado, Denver, CO (P.Z.); the
University of Alberta, Alberta, British Columbia, Canada (A.H.); the University of
Florida, Gainesville, FL (A.R.); and the University of California Davis, Davis, CA (N.G.)

*List of members of the Board of Directors and the Drugs and Therapeutics
Committee of the Lawson Wilkins Pediatric Endocrine Society is available at www.
jpeds.com (Appendix).

A.H. received support from the Alberta Diabetes Institute and the Women &
Children’s Health Research Institute at University of Alberta. These Clinical Practice
Guideline are endorsed by the Lawson Wilkins Pediatric Endocrine Society. They
were developed to be of assistance to endocrinologists by providing guidance and
yperglycemic hyperosmolar syndrome (HHS), charac-
terized by extreme elevations in serum glucose concen-
trations andhyperosmolalitywithout significant ketosis,

has historically been infrequent in children. However, recent
case reports and series describing HHS in children suggests
that the incidence of this disorder may be increasing.1-5 The
epidemiology of HHS in children and adolescents has been
reviewed recently.6 HHS has a high mortality rate, and an
understanding of the unique pathophysiology (Figure 1) of
this condition is important to guide clinical decision-making.
However, although treatment of diabetic ketoacidosis (DKA)
in children is familiar to most clinicians, the management of
HHS in youth presents a unique set of clinical challenges for
which little guidance is currently available. The aim of this
review is to discuss the pathophysiology of HHS and to
provide broad treatment recommendations on the basis of
the available literature and known physiological principles.

Criteria for the diagnosis of HHS are listed in Table I.
Although HHS is distinct from DKA (Table II; available at
www.jpeds.com), patients may present with features of
both conditions. HHS occurs less frequently in children
than DKA, and some children with DKA can have severe
hyperosmolality, complicating the recognition of HHS as
a distinct entity. As a result, children with HHS are often
treated with DKA protocols. However, the pathophysiology
of HHS differs from DKA, and these differences should be
considered in planning a rational therapeutic approach.

Unlike the usual symptoms of DKA (hyperventilation,
vomiting, and abdominal pain), which typically bring chil-
dren to medical attention, the gradually increasing polyuria
and polydipsia of HHS may go unrecognized.7 As a result,
both dehydration and electrolyte loss are profound in
HHS; in adults, fluid losses in HHS have been estimated to
be twice those of DKA. Furthermore, obesity and hyperos-
molality can make the clinical assessment of dehydration un-
reliable.9-14 It has been suggested on the basis of information
from small case series that intake of copious quantities of car-
bonated sugar-enriched drinks before presentation may be
a common feature of patients presenting with severe hyper-
glycemia. Because these case series lack control data, how-
ever, it is unclear whether this finding is specific to these
patients.8
CE Cerebral edema

DKA Diabetes ketoacidosis

HHS Hyperglycemic hyperosmolar syndrome
Despite severe electrolyte losses and total body volume de-
pletion, hypertonicity leads to preservation of intravascular
volume, and signs of dehydration may be less evident
(Figure 2, A and B; available at www.jpeds.com). During
therapy, however, declining serum osmolality (a consequence
of urinary glucose excretion and insulin-mediated glucose
uptake) results in movement of water out of the intravascular
space, with a decline in intravascular volume (Figure 2, C).15

In addition, osmotic diuresis may persist for hours as
markedly elevated glucose concentrations slowly decrease.
Therefore ongoing urinary fluid losses early in treatment may
be considerable. Because of the greater dehydration in HHS,
the substantial ongoing urinary fluid losses, and the potential
for rapid decline in intravascular volume during treatment
(Figure 2, D), children with HHS require more aggressive
replacement of intravascular volume during treatment than
do children with DKA to avoid the vascular collapse that
contributes to the high mortality rate.10,16

The effect of HHS on the brain may differ from that seen in
DKA. Studies of chronic hypertonicity suggest that brain cells
produce ‘‘idiogenic osmoles,’’ osmotically active substances
that preserve intracellular volume by increasing intracellular
osmolality.5,17-19 Patients are believed to be at risk for cere-
bral edema (CE) if the rate of decline in serum osmolality ex-
ceeds the rate at which brain cells can eliminate osmotically
active particles. Therefore, in theory, children with HHS
who experience prolonged, persistent hypertonicity should
be at greater risk for CE than those with DKA. However, in
one case report of a patient with severe hyperglycemia and
hyperosmolality (435 mosm/Kg) who had intracranial pres-
sure monitoring during treatment, no increase in intracranial
pressure occurred during fluid resuscitation.20 Furthermore,
demise typical of CE has been recorded in only one
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Figure 1. Pathophysiology of HHS.
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adolescent with HHS and an abnormal magnetic resonance
imaging result, whereas all other reported brain imaging
study results have been normal.4,21-23 Cerebral vasoconstric-
tion caused by hypocapnia may be important in the patho-
genesis of DKA-related CE.24-26 Diminished circulatory
volume combined with cerebral vasoconstriction may lead
to cerebral hypoperfusion, with edema occurring during re-
perfusion. The absence of hypocapnia in children with
HHS may therefore account for the decreased incidence of
CE in HHS.

Although both DKA and HHS are associated with an in-
creased risk of thrombosis, the risk is far greater in
HHS.27,28 Hypertonicity may directly result in osmotic dis-
ruption of endothelial cells, leading to release of tissue
thromboplastins and elevated vasopressin caused by the fluid
status may also contribute to enhanced coagulation.29

Treatment of HHS

There are no prospective data to guide treatment of children
and adolescents with HHS. Nonetheless, experience with
adults and awareness of the physiological differences between
HHS and DKA suggest a rational approach for children and
adolescents (Figure 3). All patients with HHS, as well as
patients with hyperosmolality with DKA, should be
admitted to an intensive care unit or equivalent setting in
Table I. Diagnostic feature of HHS

Serum glucose concentration >600 mg/dL (33 mmol/L)
Serum osmolality >330 mOsm/Kg
Absence of significant ketosis and acidosis (serum bicarbonate concentration

>15 mEq/L, urine ketone (acetoacetate) concentration < 15 mg/dL (1.5
mmol/L; negative or ‘‘trace’’ on urine dipstick)

10
which expert medical, nursing, and laboratory services are
available.

Fluid Therapy
The goal of initial fluid therapy is expansion of the intravas-
cular and extravascular volume and restoration of normal re-
nal perfusion. Vigorous fluid replacement is recommended
for adults with HHS and rates of fluid replacement in chil-
dren should be more rapid than those recommended for
DKA. Aminimum initial bolus of 20 mL/kg of isotonic saline
solution (0.9% NaCl) should be administered and fluid def-
icits of approximately 12% to 15% of body weight should be
assumed.9,12-14,16 Additional fluid boluses should be given to
restore peripheral perfusion. Subsequently, 0.45% to 0.75%
NaCl should be administered to replace the deficit over 24
to 48 hours, with a goal of promoting a gradual decline in se-
rum sodium and osmolality. The specific choice for subse-
quent fluid replacement is dependent on serum electrolyte
and glucose concentrations, urinary output, and clinical
hydration status.
Adult studies suggest that administration of isotonic fluids

(0.9% saline solution) during ongoing osmotic diuresis may
increase serum sodium concentration because the urine
sodium concentration is typically hypotonic to that of
serum9,30,31 and elevated aldosterone concentrations, sec-
ondary to hypoperfusion, promote sodium retention and
potassium loss. A rise in serum sodium concentration is
undesirable as it may perpetuate the hyperosmolar state.
However, isotonic fluids are more effective in maintaining
circulatory volume. Therefore isotonic fluids are recommen-
ded initially to restore perfusion, followed by more hypo-
tonic (0.45%-0.75% saline solution) fluids. Isotonic fluids
should be restarted if perfusion and hemodynamic status
become problematic as osmolality declines. Serum sodium
Zeitler et al



Figure 3. Treatment of HHS in pediatric patients.

January 2011 MEDICAL PROGRESS
concentrations should be frequently monitored, and the con-
centration of sodium in fluids adjusted to promote a gradual
decline in corrected serum sodium. Although there are no
data to indicate an optimal rate of decline in serum sodium,
a rate of 0.5 mEq/L per hour has been recommended for hy-
pernatremic dehydration.32 With adequate rehydration, se-
rum glucose concentrations should decline by 75 to 100
mg/dL/hr (4.1-5.5 mmol/L).9,10 A more rapid decline in se-
rum glucose concentration is typical during the first few
hours of treatment, when renal perfusion is improved by ex-
pansion of vascular volume. Lack of appropriate decline in
serum glucose should prompt reassessment and evaluation
of renal function. It has also been suggested that the presence
of large quantities of sugar-containing liquids in the stomach
at presentation may contribute to changes in both water and
glucose as stomach contents are absorbed and should be con-
sidered in monitoring and ongoing evaluation.33 Recom-
mended laboratory monitoring frequency is provided in
Table III.

Patients may be more dehydrated than assumed and fre-
quent reassessment of fluid balance and peripheral perfusion
is necessary. Central venous pressure monitoring may be
helpful; however, the benefits should be balanced against
the risks of thrombosis (see below). Replacement of urinary
losses is recommended;12 0.45% saline solution approxi-
mates the typical urine sodium concentration during osmotic
diuresis. Fluid with higher sodium content may be acceptable
for replacement of urinary losses in situations where there is
ongoing concern over adequate circulatory volume.
Hyperglycemic Hyperosmolar Syndrome in Children: Pathophysi
Guidelines for Treatment
Insulin Therapy
Ketosis in HHS is usually minimal and, although mild acido-
sis is common, it is typically the result of hypoperfusion (lac-
tic acidosis). Therefore early insulin administration is
unnecessary in non-ketotic HHS and may increase the risk
of death.2 Fluid administration alone results in a substantial
decline in serum glucose as a result of dilution, improved re-
nal perfusion, and increased tissue glucose uptake with im-
proved circulation.34 Furthermore, the osmotic pressure
that glucose exerts within the vascular space contributes to
maintenance of blood volume in these profoundly dehy-
drated patients. Therefore more rapid declines in serum
glucose concentration and osmolality after insulin adminis-
tration might lead to circulatory compromise and thrombo-
embolism unless there is adequate fluid replacement.10,31

Additionally, patients with HHS have extreme deficits of
potassium (see below), and the rapid insulin-induced shift
of potassium from the circulation to intracellular space can
result in arrhythmia.
In general, insulin administration should be considered

when serum glucose concentrations are no longer declining
adequately (< 50 mg/dL/h [<2.7 mmol/L/h]) with fluid ad-
ministration alone. Insulin should be considered earlier in
children with more severe ketosis and acidosis. When insulin
treatment is begun, continuous administration at 0.025 to
0.05 units/kg/h can be used initially, with the dosage titrated
to achieve a decrease in glucose concentration of 50 to 75mg/
dL/h (2.7-4.1 mmol/L/h).9 Insulin boluses are not recom-
mended for pediatric patients. Unlike in DKA, insulin
ological Considerations and Suggested 11



Table III. Monitoring of children and adolescents with
HHS

Hourly: serum glucose, vital signs, clinical assessment of hydration status
Every 2-3 hours: serum electrolytes, blood urea nitrogen, creatinine,

osmolality, creatine kinase, determination of intake/output balance
Every 3-4 hours: serum calcium, phosphate, magnesium
Continuous cardiac monitor
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therapy is not usually necessary for resolution of ketosis in
HHS and should be suspended if the glucose concentration
drops more than 100 mg/dL/hr (5.5 mmol/L/h).

Electrolyte Imbalances (Potassium, Phosphate, and
Magnesium)
Electrolyte deficits, particularly potassium, phosphate, and
magnesium, are more extreme in HHS than DKA.4,9,12-
14,16,31 Potassium replacement should begin as soon as potas-
sium concentrations are within the normal range and ade-
quate renal function has been established. Potassium
replacement should be initiated at 40 mEq/L of replacement
fluid, but higher rates of administration may be needed after
insulin infusion is started. Serum potassium concentration
should be monitored at least every 2 to 3 hours during insulin
administration and the rate of potassium administration ad-
justed; hourly monitoring may be required, and cardiac
monitoring is recommended. Bicarbonate therapy is contra-
indicated because of the increased risk of hypokalemia, the
possible effect of decreased tissue oxygen uptake, and the
absence of a therapeutic rationale for its use.12,35

Replacement of phosphate in DKA has been controversial.
Severe hypophosphatemia may lead to rhabdomyolysis, he-
molytic anemia, or paralysis.36,37 Conversely, phosphate
treatment may contribute to hypocalcemia.38 In HHS, how-
ever, phosphate deficits are more severe, increasing the risk
for severe hypophosphatemia during treatment.4 Use of in-
travenous solutions containing a 50:50 mixture of potassium
phosphate and potassium chloride generally permits ade-
quate phosphate replacement and avoids deleterious hypo-
calcemia. Phosphate concentrations should be monitored
at least every 3 to 4 hours.

Patients with HHS frequently have large deficits of magne-
sium, but there are no data to determine whether replace-
ment of magnesium is beneficial. Hypomagnesemia may
occasionally contribute to hypocalcemia during therapy,
and replacement should be considered in patients with
hypocalcemia and a low magnesium concentrations. The
recommended dose for magnesium replacement is 25 to 50
mg/kg/dose for 3 to 4 doses given every 4 to 6 hours, with
a maximum infusion rate of 150 mg/min and 2 g/h.

Complications (Thrombosis,
Rhabdomyolysis, Malignant Hyperthermia,
and CE)

Thromboembolic complications occur commonly in HHS,
and central venous catheters appear to be particularly prone
12
to thrombosis.27 Prophylaxis with low-dose heparin has been
suggested in adults,39 but there are no data that indicate ben-
efit. On the other hand, low-dose heparin administration
may cause gastrointestinal hemorrhage in the presence of
hypertonicity-induced gastroparesis.40 Heparin treatment
therefore should generally be reserved for children who re-
quire central venous catheters for monitoring or venous ac-
cess and are immobile for >24 to 48 hours. The use of
compression stockings in children in this setting has not
been specifically evaluated but should be considered.
Rhabdomyolysis may occur in children with HHS, and

monitoring of creatine kinase concentration every 2 to 3
hours is recommended for early detection.41-46 Rhabdomyol-
ysis is potentially life-threatening; it may result in acute kid-
ney failure, severe hyperkalemia, and hypocalcemia leading
to cardiac arrest, and muscle swelling causing compartment
syndrome.47 If rhabdomyolysis is suspected, consultation
with a nephrologist should be obtained promptly.
A malignant hyperthermialike syndrome of unclear cause

has been reported in several children with HHS.3,4,23,48 Treat-
ment with dantrolene, which is believed to reduce the release
of calcium from the sarcoplasmic reticulum and stabilize cal-
cium metabolism within muscle cells, should be initiated
early for children who have fever associated with a rise in cre-
atine kinase concentration.48

Adult reports suggest that alteredmental status is common
with osmolality greater than 330 mOsm/Kg and therefore is
not unexpected at presentation of HHS.Whether central ner-
vous system imaging is necessary for children with altered
mental status at presentation of HHS is unclear, given the ev-
idence that CE is rare. However, declines in mental status af-
ter improvement in the hyperosmolar state are unusual and
such declines should prompt further investigation. Patients
should be monitored closely for headache and changes in
level of consciousness. Severe dehydration, electrolyte distur-
bance, and hypertonicity are far more frequent causes of
death in HHS than is CE, however, and concerns about pos-
sible CE should not deter the clinician from administering
necessary amounts of fluid for adequate hydration.

Mixed HHS and DKA

Some children have severe hypertonicity in combination
with substantial ketosis and acidosis, and treatment must
take into account potential complications of both DKA
and HHS. Frequent reassessment of circulatory status and
fluid balance is necessary to guide therapy. To maintain ad-
equate circulatory volume, the rate of fluid administration
will generally exceed that used for treatment of typical
DKA. The rate of electrolyte administration required to
maintain normal electrolyte concentrations is also likely to
exceed that used for DKA. Insulin treatment is necessary to
resolve ketosis in these patients and continuous insulin infu-
sion should be started after the initial fluid bolus(es). It
should be recognized, however, that insulin administration
may result in a more rapid decline in glucose concentration,
and therefore a potential decrease in intravascular volume.
Zeitler et al
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Insulin therapy also dictates a need for close attention to po-
tassium and phosphate concentrations. In children with
mixed DKA and HHS, guidelines for adjusting insulin and
dextrose infusions should be similar to those generally rec-
ommended for DKA,49 but frequent reassessment of circula-
tory status, and readjustment of fluid administration rates, as
dictated by clinical status, is necessary. In these patients, the
risk of CE is higher than in those with a classical presentation
of HHS. Fluid treatment should therefore be aimed at ensur-
ing adequate circulatory volume and cerebral perfusion while
avoiding excess fluid administration. Frequent monitoring of
mental status is also essential.

Conclusions

HHS may be occurring with increased frequency in children
and adolescents. Although population-based data are lack-
ing, a review of available literature suggests that pediatric
HHS may differ from HHS in adults in several ways. Unlike
adult HHS, where comorbid conditions frequently play
a role, pediatric HHS appears to occur most often in other-
wise healthy children and adolescents with type 2 DM, partic-
ularly in obese African American males. In addition, both
rhabodmyolysis and a malignant hyperthermialike syndrome
may occur as complications of HHS in children. Finally,
mixed features of DKA and HHS may be more common in
children than in adults.50 Because of the perceived rarity of
HHS in children and the familiarity of recommendations
for conservative fluid management in children with DKA,
there may be a tendency toward inadequate rehydration in
children with HHS. Increased awareness of the occurrence
of HHS in children and the differences in management strat-
egy between DKA and HHS are needed to improve outcomes
in this life-threatening disorder. n

Submitted for publication Apr 7, 2010; last revision received Jul 23, 2010;

accepted Sep 20, 2010.

Reprint requests: Phil Zeitler MD, PhD, The Children’s Hospital, 13123 E 16th

Ave, Aurora, CO 80045. E-mail: phil.zeitler@ucdenver.edu
References

1. Fourtner SH,Weinzimer SA, Levitt Katz LE. Hyperglycemic hyperosmo-

lar non-ketotic asyndrome in children with type 2 diabetes. Pediatr Di-

abetes 2005;6:129-35.

2. Canarie MF, Bogue CW, Banasiak KJ, Weinzimer SA, Tamborlane WV.

Decompensated hyperglycemic hyperosmolarity without significant

ketoacidosis in the adolescent and young adult population. J Pediatr

Endocrinol Metab 2007;20:1115-24.

3. Hollander AS, Olney RC, Blackett PR, Marshall BA. Fatal malignant

hyperthermia-like syndrome with rhabdomyolysis complicating the pre-

sentation of diabetes mellitus in adolescent males. Pediatrics 2003;111:

1447-52.

4. Morales AE, Rosenbloom AL. Death caused by hyperglycemic hy-

perosmolar state at the onset of type 2 diabetes. J Pediatr 2004;

144:270-3.

5. Rosenbloom AL. Hyperglycemic crises and their complications in chil-

dren. J Pediatr Endocrinol Metab 2007;20:5-18.

6. Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pedi-

atric problem. J Pediatr 2010;156:180-4.
Hyperglycemic Hyperosmolar Syndrome in Children: Pathophysi
Guidelines for Treatment
7. Belmonte MM, Colle E, Murphy DA, Wiglesworth FW. Nonketotic

hyperosmolar diabetic coma inDown’s syndrome. J Pediatr 1970;77:879-81.

8. McDonell CM, Pedreira CC, Vadamalayan B, Cameron FJ, Werther GA.

Diabetic ketoacidosis, hyperosmolarity and hypernatremia: are high-

carbohydrate drinks worsening initial presentation? Pediatr Diabetes

2005;6:90-4.

9. Matz R. Management of the hyperosmolar hyperglycemic syndrome.

Am Fam Physician 1999;60:1468-76.

10. Delaney MF, Zisman A, Kettyle WM. Diabetic ketoacidosis and hyper-

glycemic hyperosmolar nonketotic syndrome. Endocrinol Metab Clin

North Am 2000;29:683-705.

11. Ellis EN. Concepts of fluid therapy in diabetic ketoacidosis and hyperos-

molar hyperglycemic nonketotic coma. Pediatr Clin North Am 1990;37:

313-21.

12. Kitabchi AE, Umpierrez GE, Fisher JN, Murphy MB, Stentz FB. Thirty

years of personal experience in hyperglycemic crises: diabetic ketoacido-

sis and hyperglycemic hyperosmolar state. J Clin Endocrinol Metab

2008;93:1541-52.

13. Kitabchi AE, Nyenwe EA. Hyperglycemic crises in diabetes mellitus: di-

abetic ketoacidosis and hyperglycemic hyperosmolar state. Endocrinol

Metabol Clin North Am 2006;35:725-51.

14. Kitabchi AE, Umpierrez GE, Murphy MB, Barrett EJ, Kreisberg RA,

Malone JI, et al. Management of hyperglycemic crises in patients with di-

abetes. Diabetes Care 2001;24:131-53.

15. Sjostrand F, Berndtson D, Olsson J, Strandberg P, Hanh RG. The os-

motic link between hypoglycaemia and hypovolaemia. Scand J Clin

Lab Invest 2008;68:117-22.

16. Nugent BW. Hyperosmolar hyperglycemic state. Emerg Med Clin North

Am 2005;23:629-48.

17. Goldman SL. Hyperglycemic hyperosmolar coma in a 9-month-old

child. Am J Dis Child 1979;133:181-3.

18. Gordon EE, Kabadi UM. the hyperglycemic hyperosmolar syndrome.

Am J Med Sci 1976;271:252-68.

19. Conley S. Hypernatremia. Pediatr Clin North Am 1990;37:365-72.

20. Vernon DD, Postellon DC. Nonketotic hyperosmolal diabetic coma in

a child: management with low-dose insulin infusion and intracranial

pressure monitoring. Pediatrics 1986;77:770-2.

21. Ahlsson F, Gedeborg R, Hesselager G, TuvemoT, Enblad P. Treatment of

extreme hyperglycemia monitored with intracerebral microdialysis. Pe-

diatr Crit Care Med 2004;5:89-92.

22. Arieff AI. Cerebral edema complicating nonketotic hyperosmolar coma.

Miner Electrolyte Metab 1986;12:383-9.

23. Carchman RM, Dechert-Zeger M, Calikoglu AS, Harris BD. A new chal-

lenge in pediatric obesity: pediatric hyperglycemic hyperosmolar syn-

drome. Pediatr Crit Care Med 2005;6:20-4.

24. Lam TI, Anderson SE, Glaser N, O’Donnell ME. Bumetanide reduces ce-

rebral edema formation in rats with diabetic ketoacidosis. Diabetes 2005;

54:510-6.

25. Glaser NS, Wootton-Gorges SL, Marcin JP, Buonocore MH, Dicarlo J,

Neely EK, et al. Mechanism of cerebral edema in children with diabetic

ketoacidosis. J Pediatr 2004;145:164-71.

26. Glaser N. Cerebral edema in children with diabetic ketoacidosis. Curr

Diab Rep 2001;1:41-6.

27. Gutierrez JA, Bagatell R, SamsonMP, Theodorou AA, Berg RA. Femoral

central venous catheter-associated deep venous thrombosis in children

with diabetic ketoacidosis. Crit Care Med 2003;31:80-3.

28. Keenan CR, Murin S, White RH. High risk for venous thromboembo-

lism in diabetics with hyperosmolar state: comparison with other acute

medical illnesses. J Thromb Haemost 2007;5:1185-90.

29. Grant PJ, Tate GM, Hughes JR, Davies JA, Prentice CR. Does hyperna-

traemia promote thrombosis? Thromb Res 1985;40:393-9.

30. Hillman K. Fluid resuscitation in diabetic emergencies—a reappraisal.

Intensive Care Med 1987;13:4-8.

31. Lorber D. Nonketotic hypertonicity in diabetes mellitus. Med Clin

North Am 1995;79:39-52.

32. Kronan K, Normal ME. Renal and Electrolyte Emergencies. In:

Fleischer GR, Ludwig S, eds. Textbook of Emergency Medicine. 4th

ed. Philadelphia: Lippincott, Williams and Wilkins; 2000.
ological Considerations and Suggested 13

mailto:phil.zeitler@ucdenver.edu


THE JOURNAL OF PEDIATRICS � www.jpeds.com Vol. 158, No. 1
33. Carlotti AP, St George-Hyslop C, Guerguerian AM, Bohn D, Kamel KS,

Halperin M. Occult risk factor for the development of cerebral edema in

children with diabetic ketoacidosis: possible role for stomach emptying.

Pediatr Diabetes 2009;10:522-3.

34. West ML, Marsden PA, Singer GG, Halperin ML. Quantitative analysis

of glucose loss during acute therapy for hyperglycemic hyperosmolar

syndrome. Diabetes Care 1986;9:465-71.

35. Cochran JB, Walters S, Losek JD. Pediatric hyperglycemic hyperosmolar

syndrome: diagnostic difficulties and high mortality rate. Am J Emerg

Med 2006;24:297-301.

36. Knochel JP. Hypophosphatemia and rhabdomyolysis. Am J Med 1992;

92:455-7.

37. Amanzadeh J, Reilly RFJ. Hypophosphatemia: an evidence-based ap-

proach to its clinical consequences and management. Nat Clin Pract

Nephrol 2006;2:136-48.

38. Winter RJ, Harris CJ, Phillips LS, Green OC. Diabetic ketoacidosis. In-

duction of hypocalcemia and hypomagnesemia by phosphate therapy.

Am J Med 1979;67:897-900.

39. Wachtel TJ. The diabetic hyperosmolar state. Clin Geriart Med 1990;6:

797-806.

40. Carroll P, Matz R. Antiplatelet/anticoagulant drug therapy in severely

uncontrolled diabetes mellitus. Diabetologia 1985;24:305-6.

41. Schelpphorst E, Levin ME. Rhabdomyolysis associated with hyperosmo-

lar nonketotic coma. Diabetes Care 1985;8:198-200.
14
42. Wood ML, Griffith DN, Hooper RJ, Yudjkin JS. Fatal rhabdomyolysis

associated with hyperosmolar diabetic decompensation. Diabetes Res

1988;8:97-9.

43. Trump D, O’Hanlon S, Rinsler M, Sharp P. Hyperosmolar non-ketotic

diabetic coma and rhabdomyolysis. Postgrad Med J 1994;70:44-6.

44. Wang LM, Tsai ST, Ho LT, Hu SC, Lee CH. Rhabdomyolysis in diabetic

emergencies. Diabetes Res Clin Pract 1994;26:209-14.

45. Hoorn EJ, deVogel S, Zietse R. Insulin resistance in an 18-year-old pa-

tient with Down syndrome presenting with hyperglycaemic coma, hy-

pernatraemia and rhabdomyolysis. J Intern Med 2005;258:285-8.

46. Gangopadhyay KK, Ryder RE. Nontraumatic rhabdomyolysis: an un-

usual complication of diabetic hyperosmolar nonketotic (HONK) state.

J R Soc Med 2006;99:200.

47. Watemberg N, Leshner RL, Armstrong BA, Lerman-Sagie T. Acute pedi-

atric rhabdomyolysis. J Child Neurol 2000;15:222-7.

48. Kilbane BJ, Mehta S, Backeljauw PF, Shanley TP, Crimmins NA. Ap-

proach to management of malignant hyperthermia-like syndrome in pe-

diatric diabetes mellitus. Pediatr Crit Care Med 2006;7:169-73.

49. Wolfsdorf J, Glaser N, Sperling MA. American Diabetes Assocation. Di-

abetic ketoacidosis in infants, children, and adolescents: a consensus

statement from the American Diabetes Association. Diabetes Care

2006;29:1150-9.

50. Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pedi-

atric problem. J Pediatr 2010;156:180-4.
Zeitler et al



Appendix

Board of Directors of the Lawson Wilkins Pediatric
Endocrine Society: Dorothy Becker, Children’s Hospital of
Pittsburgh of UPMC; Leona Cuttler, Rainbow Babies & Chil-
dren’s Hospital, Cleveland, Ohio; Erica Eugster, Riley Hospital
for Children, Indianapolis, Indiana (Honorarium—Endo
pharmaceuticals, Consultant—Genentech, Endo Pharmaceu-
ticals, Grant Support – Abbott); David Allen, University of
Wisconsin, Dept of Pediatrics; Charles Stanley, The Children’s
Hospital of Philadelphia; Alan Rogol, University of Virginia;
Mitchell Geffner, Children’s Hospital Los Angeles

Drugs and Therapeutics Committee: Constantin Polychro-
nakos, McGill University; J. B. Quintos, The Warren Alpert
Medical School of Brown University; Catherine Gordon,
Children’s Hospital Boston; Sara Divall, Hopkins University;
Nicole Glaser, UC Davis Medical Center; Stephan Gitelman,
UCSF; Arlan Rosenbloom, University of Florida; David Gel-
ler, UCLA School of Medicine, Cedars-Sinai Medical Center

January 2011 MEDICAL PROGRESS

Hyperglycemic Hyperosmolar Syndrome in Children: Pathophysiological Considerations and Suggested
Guidelines for Treatment

14.e1



Table II. Features of HHS and DKA

HHS DKA

Hyperglycemia +++ + to +++
Ketosis/Acidosis �/+ ++ to +++
Dehydration +++ + to +++
Osmolality +++ (> 330 mosm/kg) + to +++
Electrolyte
Deficits

+++ + to +++

Figure 2. Fluid balance in diabetic hyperosmolarity. A, Nor-
moglycemia and hydration.B,Early: Extracellular fluid (ECF) is
hyperosmolar, causing water to shift from intracellular (ICF)
into ECF. C, Late: Continued osmotic diuresis causes dehy-
dration, volume loss, and hyperosmolarity in both ECF and
ICF. D, Insulin therapy without adequate fluid replacement
shifts glucose and water from ECF into ICF causing vascular
collapse, shock, and death.
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