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1 | INTRODUCTION

The incidence of childhood type I diabetes mellitus is in-
creasing worldwide.! In 201 1-2012, 17 900 children and ad-
olescents in United States were diagnosed with new-onset
type 1 diabetes.” Diabetic ketoacidosis (DKA) occurs in
25%-40% of these children and is the leading cause of hos-
pitalizations, morbidity, and mortality.” Cerebral edema is
a serious complication of DKA. Clinically apparent cerebral
edema (CEDKA) occurs in 1% of DKA children and is as-
sociated with devastating outcomes.”® Subclinical cerebral
edema (SCE) occurs in more than half of DKA children.””
However, there are few reports that describe the clini-
cal features and management of SCE."'” we report signs,
symptoms, and treatment of SCE in DKA in two pediatric
patients.

2 | CASE SERIES

21 | Casel

A 8-year-old previously healthy girl presented with 2 weeks
history of abdominal pain, emesis, polyuria, polydipsia, and
1-day history of lethargy and headache. Over the past 2 weeks,
she had diffuse abdominal pain and intermittent episodes of
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hyperosmolar therapy for persistent symptoms is associated with good outcomes.

cerebral edema, diabetic ketoacidosis, pediatrics, subclinical cerebral edema

non-bloody, non-bilious vomiting associated with increased
frequency of urination. Over the past day, she felt tired, and
complained of generalized headache that brought her to the
hospital. On arrival, her vital parameters revealed the fol-
lowing: temperature of 36.6°C; heart rate (HR): 136/min,
blood pressure (BP): 123/73 mm Hg, respiratory rate (RR):
30/min, and oxygen saturation: 99%. Her physical examina-
tion revealed dry mucous membranes with capillary refill
of 3-4 seconds, generalized tenderness of the abdomen, and
Kussmaul pattern of breathing with clear breath sounds. Her
neurological assessment revealed that she was lethargic. She
answered questions and followed commands only on request.
Her Glasgow Coma Scale (GCS) assessment was 14. Her ini-
tial laboratory studies revealed venous blood gas pH: 6.89,
pCO,: 20 mm Hg, HCO5: 4 mmol/L; blood glucose: 494 mg/
dL; serum chemistry: blood urea nitrogen (BUN): 10 mg/dL,
serum creatinine: 0.77 mg/dL, serum sodium: 136 meq/L,
serum potassium: 4.4 meq/L, and serum CO,: <5 mmol/L.
She was diagnosed with new-onset diabetic ketoacidosis. She
received 10 mL/kg normal saline bolus and was commenced
on 1.5 times maintenance intravenous fluids and 0.1 u/kg/h
of continuous insulin infusion. There was no improvement
of her neurological status in the next 2 hours and she contin-
ued to be lethargic and complain of headache. A concern for
subclinical cerebral edema was raised. She was given 5 mL/
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kg of 3% hypertonic saline and within 2 hours of therapy,
her lethargy improved and her headache subsided. Her GCS
improved to 15. She was continued on intravenous fluids and
insulin infusion for the next 22 hours that was transitioned
to subcutaneous insulin. Her HbA1_ was 11.5% (102 mmol/
mol). She was diagnosed to have new-onset type 1 diabetes
mellitus. She was discharged home 4 days later with com-
plete neurological recovery.

22 | Case2

A 16-year-old female, a known patient with type 1 diabe-
tes mellitus, depression, and bulimia presented with 2 days
history of non-bloody and non-bilious vomiting and back
pain. Her mother reported that over the past 1-2 weeks, her
daughter was intentionally trying to have a high glucose
level (>300 mg/dL) to reduce her body weight. On arrival,
her vital parameters revealed the following: temperature of
36.3°C; HR: 138/min, BP: 154/97 mm Hg, RR: 39/min, and
oxygen saturation: 96%. Her physical examination revealed
dry mucous membranes with capillary refill of 2-3 seconds.
She was tachypneic with Kussmaul pattern of breathing and
clear breath sounds on auscultation. She complained of gen-
eralized headache. She was responsive to commands and an-
swered questions appropriately. She would however, become
agitated and disoriented intermittently. There were no focal
neurological signs. Her GCS assessment was 14-15. Her ini-
tial laboratory studies revealed venous blood gas pH: 6.97,
pCO,: 21 mm Hg, HCO;5: 5 mmol/L; blood glucose: 596 mg/
dL; serum chemistry: BUN: 23 mg/dL, serum creatinine:
0.7 mg/dL, serum sodium: 138 meq/L, serum potassium:
5 meq/L, serum CO,: 6 mmol/L, and anion gap: 27. She was
diagnosed with diabetic ketoacidosis. She received 20 mL/kg
normal saline bolus and was commenced on 1.5 times main-
tenance intravenous fluids and 0.1 u/kg/h of continuous insu-
lin infusion. There was no improvement of her neurological
status in the next 2 hours and she continued to be disoriented,
agitated, and complained of headache. A concern for sub-
clinical cerebral edema was raised and 5 mL/kg of 3% hyper-
tonic saline was administered. Her irritability improved and
her headache subsided within 2 hours of therapy. Her GCS
improved to 15. She was continued on intravenous fluids and
insulin infusion for the next 18 hours that was transitioned
to subcutaneous insulin. Her HbA1, was 11.6% (103 mmol/
mol). She was discharged home after 3 days of hospitaliza-
tion with complete neurological recovery.

3 | DISCUSSION

Our case series demonstrate that SCE in children with DKA
manifests with subtle neurological symptoms including
headache, lethargy, or disorientation and a GCS score of
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14-15. They do not demonstrate any focal neurological signs.
Treatment with hyperosmolar therapy for persistent symp-
toms of SCE despite standard therapy causes resolution of
their neurological symptoms with good outcomes.

Cerebral edema is a clinical diagnosis. CEDKA may
occur in the absence of acute changes on head computed to-
mograms.f”“'12 Signs and symptoms of SCE are very sub-
tle”™!3 and can be easily missed. Hanas et al'? reviewed 292
patients in DKA over a 2-year period. A total of 16 patients
were identified to have SCE based on symptoms of headache,
vomiting, and lethargy. None of these patients had abnormal
neurological signs and GCS score was not recorded."® Krane
et al’ evaluated six children in DKA for cranial computer-
ized tomography scan early in their presentation. About 33%
of these children with SCE had lethargy without any abnor-
mal neurological signs. Their GCS score was not recorded.’
Glaser et al’ evaluated 48 children in DKA with magnetic
resonance imaging during the course of their hospital admis-
sion. Lethargy with eye opening only in response to voice or
pain (13 of the 15 children) and disorientation (nine of the 15
children) were the most frequent neurological symptoms in
patients with SCE. Twelve of these 15 children had a GCS of
13-14. None of these children had any abnormal neurologi-
cal signs. Marcin et al' retrospectively evaluated 61 children
with cerebral edema and DKA. Many patients did not have
a GCS score recorded at the time of their neurological dete-
rioration. They developed a 5-category neurological symp-
tom score to correlate with GCS. All patients with lethargy
or disorientation had a GCS equivalent of 11-15."* Cerebral
edema in DKA is a continuum with SCE representing an ini-
tial clinical manifestation. In our study, both patients with
SCE had subtle neurological symptoms of headache, leth-
argy, and disorientation without any focal neurological signs
and a GCS score of 14-15. These patients did not have any
rapid deterioration of their neurological status, signs of cere-
bral herniation, or fulfill the diagnostic criteria recommended
to diagnose CEDKA clinically."!

There is an estimated 40%-90% mortality from
CEDKA.>'? About 15%-26% survivors of CEDKA are left
with permanent neurological damage.4 The incidence of de-
veloping CEDKA has nearly doubled from 2002 to 2012.1%
By the time CEDKA is diagnosed, cerebral edema may be
severe enough to be associated with high morbidity and
mortality.“’s’12 Treatment of SCE may help to mitigate this
complication. However, treatment options of SCE reported
in literature are sparse.7’9’13 Hanas et al'? treated two of their
16 SCE patients with mannitol and both recovered within
1-2 hours of therapy. In the study period of 1982-1997,
Marcin et al'* treated most of their cerebral edema patients
with GCS score between 11 and 15 with mannitol therapy.
Treatment of cerebral edema in DKA with hyperosmolar
agents is recommended as the pathophysiology of cerebral
edema is not very well understood.*'*!? An ischemic® and/
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or Vasogenic18 process is proposed to play a role in the gene-
sis of DKA related cerebral edema. The magnetic resonance
studies of the brain in SCE (using quantification of the appar-
ent diffusion coefficient) reveal vasogenic rather than cellular
edema' in whom hyperosmolar therapy may be beneficial.
Based on neurosurgical and traumatic brain injury studies,
the traditional therapy for CEDKA has been intravenous
mannitol.'> Over the past decade, the use of 3% hypertonic
saline as the hyperosmolar agent for CEDKA in United States
has increased fourfold and is now the preferred osmotherapy
agent rather than mannitol.”’
use of 3% hypertonic saline alone is associated with a higher
mortality than mannitol in patients treated for CEDKA. A
scientific equipoise is currently recommended regarding the
efficacy in the use of mannitol vs 3% hypertonic saline in the
treatment of cerebral edema in DKA.*! In our study, both pa-
tients received 3% hypertonic saline and showed neurological
recovery in the next 2 hours.

Limitations of our small case series include lack of neu-
rological imaging studies in our patients of SCE. Cerebral
edema on brain imaging, however, may not be detectable
even in patients with CEDKA 112 Secondly, we chose to
intervene and administer hyperosmolar therapy for SCE. It
is possible that our patients would have complete neurolog-
ical recovery without treatment.”*'* However, both of our
patients with SCE did not show any clinical improvement
in their neurological status over the next few hours follow-
ing presentation. There was a concern that SCE would prog-
ress to CEDKA that is associated with poor outcomes.*>!?
Lastly, altered mental status in DKA patients can be related
to variety of other factors including sleep deprivation, severe
acidosis, or neurological injury other than cerebral edema.'!
It would be unlikely to see any significant clinical recovery
following administration of hyperosmolar therapy in our
patients, if neurological abnormalities were related to these
factors.

In summary, we conclude that detailed neurological as-
sessment must be done in children presenting with DKA.
SCE tends to manifest with subtle neurological symptoms
including headache, lethargy, or disorientation and a GCS of
14-15. Treatment of persistent symptoms in SCE with hyper-
osmolar therapy should be considered as it is associated with
good outcomes.

There has been concern that the

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTION

HSA: was involved in patient management, and in prepara-
tion, review, and submission of the manuscript.

ORCID

Hemant S. Agarwal

https://orcid.org/0000-0002-3741-8481

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ma R, Chan J. Diabetes: incidence of childhood type 1 diabetes: a
worrying trend. Nat Rev Endocrinol. 2009;5:529-530.
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabe-
tes-statistics-report.pdf. Accessed May 8, 2018

Pinkey JH, Bingley PJ, Sawtell PA, et al. Presentation and prog-
ress of childhood diabetes mellitus: a prospective population-
based study. Diabetologia. 1994;37:70-74.

. Wolfsdorf J, Glaser N, Sperling MA. Diabetic ketoacido-

sis in infants, children, and adolescents: a consensus state-
ment from the American Diabetes Association. Diabetes Care.
2006;29:1150-1159.

Edge JA, Hawkins MM, Winter DL, et al. The risk and outcome
of cerebral oedema developing during diabetic ketoacidosis. Arch
Dis Child. 2001;85:16-22.

. Glaser N, Barnett P, McCaslin I, et al. Risk factors for cerebral

edema in children with diabetic ketoacidosis. N Engl J Med.
2001;344:264-269.

Glaser NS, Wooton-Gorges SL, Buonocore MH, et al. Frequency
of sub-clinical cerebral edema in children with diabetic ketoaci-
dosis. Pediatr Diabetes. 2006;7:75-80.

Hoffman WH, Steinhart CM, El Gammal T, et al. Cranial CT
in children and adolescents with diabetic ketoacidosis. AJNR.
1988:9:733-739.

Krane EJ, Rockoff MA, Wallman JK, et al. Subclinical brain
swelling in children during treatment of diabetic ketoacidosis. N
Engl J Med. 1985;312:1147-1151.

Glaser NS, Wootton-Gorges SL, Marcin JP, et al. Mechanism of
cerebral edema in children with diabetic ketoacidosis. J Pediatr.
2004;145:164-171.

Muir AB, Quisling RG, Yang M, et al. Cerebral edema in child-
hood diabetic ketoacidosis: natural history, radiographic
findings, and early identification. Diabetes Care. 2004;27:
1541-1546.

Rosenbloom AL. Intracerebral crises during treatment of diabetic
ketoacidosis. Diabetes Care. 1990;13:22-33.

Hanas R, Lindgren F, Lindbad B. Diabetic ketoacidosis and ce-
rebral oedema in Sweden—a 2-year paediatric population study.
Diabet Med. 2007;24:1080-1085.

Marcin JP, Glaser N, Barnett P, et al. Factors associated with
adverse outcomes in children with diabetic ketoacidosis-related
cerebral edema. J Pediatr. 2002;141:793-797.

Patel A, Singh D, Bhatt P, et al. Incidence, trends, and outcomes
of cerebral edema among children with diabetic ketoacidosis in
the United States. Clin Pediatr. 2016;55:943-951.

Roberts MD, Slover RH, Chase HP. Diabetic ketoacidosis with
intracerebral complications. Pediatr Diabetes. 2001;2:109-114.
Curtis JR, Bohn D, Daneman D. Use of hypertonic saline in the
treatment of cerebral edema in diabetic ketoacidosis (DKA).
Pediatr Diabetes. 2001;2:191-194.

Vavilala MS, Richards TL, Roberts JS, et al. Change in blood-
brain barrier permeability during pediatric diabetic ketoacidosis
treatment. Pediatr Crit Care Med. 2010;11:332-338.


https://orcid.org/0000-0002-3741-8481
https://orcid.org/0000-0002-3741-8481
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf

AGARWAL

.. 267
Clinical Case Reports oenmss LEYJ—

19.

20.

21.

Tasker RC, Acerini CL. Cerebral edema in children with diabetic
ketoacidosis: vasogenic rather than cellular? Pediatr Diabetes.
2014;15:261-270.

Decoursey DD, Steil GM, Wypij D, et al. Increasing use of hyper-
tonic saline over mannitol in the treatment of symptomatic cerebral
edema in pediatric diabetic ketoacidosis: an 11-year retrospective
analysis of mortality. Pediatr Crit Care Med. 2013;14:694-700.
Tasker RC, Burns J. Hypertonic saline therapy for cerebral edema
in diabetic ketoacidosis: no change yet, please. Pediatr Crit Care
Med. 2014;15:284-285.

How to cite this article: Agarwal HS. Subclinical
cerebral edema in diabetic ketoacidosis in children. Clin
Case Rep. 2019;7:264-267. https://doi.org/10.1002/
ccr3.1960



https://doi.org/10.1002/ccr3.1960
https://doi.org/10.1002/ccr3.1960

