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1   |   BACKGROUND

Coronavirus infection was declared a pandemic by the 
World Health Organization in March 2020. Diabetes is a 
major risk factor for greater disease severity in COVID-19 
infections in adults, although this has not been proven in 
children.1,2 A higher incidence of diabetic ketoacidosis 
(DKA) and especially severe forms have been observed 
during the COVID-19 pandemic.3

Diabetic ketoacidosis is a serious but avoidable com-
plication of type 1 diabetes that can be triggered by viral 
infections.3 It has a mortality of 0.3%–0.5% in wealthy 
countries and considerably higher in developing nations 
(approximately 10%).3 Electrolyte abnormalities such as 
hypokalemia and hypernatremia can emerge during DKA 
and lead to significant morbidity, but they are relatively 
rare at presentation, before the initiation of therapy.4
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Abstract
We report a case of new-onset type 1 diabetes in a girl presenting with severe 
diabetic ketoacidosis, complicated by profound hypokalemia and hypernatremia. 
We describe the clinical course, management challenges, and the potential role of 
the concomitant COVID-19 infection in the complexity of this case.
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We report the case of a 13-year-old girl who presented 
with severe DKA with concomitant COVID-19 infection, 
complicated by profound hypokalemia and hypernatre-
mia. We address potential explanations for the severity 
of presentation, hypothesizing a role of the associated 
COVID-19 infection and highlighting the challenges en-
countered in the management of this case.

2   |   CASE PRESENTATION

A 13-year-old Caucasian girl was presented to the emer-
gency department of her local hospital in December 2020 
during the COVID-19 pandemic, due to excessive tired-
ness for the last 48 h. She reported a long-lasting history of 
polyuria, polydipsia, and weight loss, which became par-
ticularly marked during the 9 weeks preceding the admis-
sion. The girl was previously fit and well. There was no 
family history of diabetes or other autoimmune diseases.

Physical examination revealed severe dehydration with 
poor skin turgor and delayed capillary refill time (3  s), 
deep Kussmaul breathing, and tachycardia (heart rate 
126/minute) with intermittent bouts of bradycardia (40–
50/minute). Neurological examination at admission was 
normal with a Glasgow Coma Score (GCS) of 15/15.

At admission, the girl underwent a routine nasopha-
ryngeal swab for COVID-19, which returned a positive 
polymerase chain reaction result. She remained asymp-
tomatic from the COVID-19 infection throughout the 
admission.

Initial laboratory findings showed the following: blood 
glucose 32 mmol/L, ketones 7 mmol/L, venous blood gas: 
pH 7.06, bicarbonates 8.3  mmol/L, base excess −22.6, 
low potassium of 1.9  mmol/L, and corrected sodium of 
134  mmol/L. Additional laboratory investigations at ad-
mission are shown in Table 1. Given the absence of classi-
cal COVID-19 symptoms (fever and cough), no additional 
COVID-specific investigations were requested.

Clinical and laboratory findings were consistent with 
severe DKA. Management was initiated following the 
British Society for Paediatric Endocrinology and Diabetes 
(BSPED) guidelines.5 Following initial volume replace-
ment with a bolus of 10 ml/kg of 0.9% saline, intravenous 
fluids were initiated at a maintenance rate plus 10% fluid 
deficit to be corrected over 48  h, with fluids containing 
40 mmol/L of potassium chloride.

Over the following hours, the patient continued to 
have persistent hypokalemia, with the lowest value being 
1.8  mmol/L. Thus, a central line was inserted, and the 
concentration of potassium chloride in intravenous fluids 
was increased to 80 mmol/L.

There were intermittent runs of bradycardia with a 
heart rate of 40–50/minute, and the ECG monitor showed 

episodes of premature ventricular beats, likely due to 
profound hypokalemia. Given the persistent hypokale-
mia and the potential risk of cerebral edema, the girl was 
transferred to the pediatric intensive care unit (PICU). 
During transfer, she received a dose of hypertonic saline 
3% (3 ml/kg) due to concerns about disorientation, agita-
tion, and suspected cerebral edema.

On arrival in PICU, she was alert with a GCS of 15/15, 
although her pH dropped further to 6.9 and bicarbon-
ate to 2.8  mmol/L. Potassium had slightly improved to 
2.2 mmol/L, and corrected sodium was 149 mmol/L. As 
per protocol, she was started on a sliding-scale potassium 
infusion, giving her a maximum infusion of potassium 
chloride of 20  mmol/hour in addition to maintenance 
fluids of 40 mmol/L potassium chloride in 0.9% sodium 
chloride. Due to persisting and refractory hypokalemia, 
initiation of intravenous insulin was postponed till serum 
potassium levels reached 2.5 mmol/L, in line with DKA 
guidelines.6 Insulin infusion was started 15 h after admis-
sion, at a modified lower rate of 0.03 unit/kg/hour to miti-
gate against further decreases in potassium concentration.

Over the first 24 h of PICU admission, she remained 
acidotic, hypertensive, and her GCS dropped to 8. The girl 
was treated with another dose of hypertonic saline 3 ml/
kg, followed by mannitol 1 gram/kg, and fluid rates were 
reduced for suspected cerebral edema. A brain CT scan 
was not suggestive of cerebral edema. Despite the progres-
sive deterioration in GCS, the multidisciplinary team of 
pediatric intensivists, anesthetists, endocrinologists, and 
neurosurgeons agreed not to intubate her, because she 
was considered at high risk for anesthetic induction for 
intubation and cardiac compromise. Over the next 24 h, 
her GCS gradually improved. However, corrected serum 
sodium started rising, initially as expected for a glucose 

T A B L E  1   Laboratory tests at admission

Parameter Value
Reference 
values

White blood cell count 23.9 4.5–11.4 × 109/L

Red blood cells 4.7 3.9–5.15 × 109/L

Hemoglobin 130 120–154 g/L

Platelets 626 170–400 109/L

C-reactive protein <4 0–6 mg/L

Serum sodium 134 133–146 mmol/L

Potassium 1.9 3.5–5.0 mmol/L

Urea 5.8 2.5–6.5 mmol/L

Creatinine 74 34–71umol/L

Calcium 2.7 2.20–2.70 mmol/L

Phosphate 1.08 0.90–1.80 mmol/L

Albumin 41 30–50 g/L
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drop, but later the increase became unrelated to changes 
in glucose levels and peaked at 172 mmol/L.

Her urine output was high and inappropriate for the 
degree of hypernatremia, and the possibility of a concom-
itant diabetes insipidus was considered. Serum and uri-
nary osmolarities were 367  mOsm/L and 607  mOsm/L, 
respectively, with normal urinary sodium (33.9 mmol/L) 
and were more suggestive of a hyperosmolar state. 
Maintenance fluids were changed to a 0.45% NaCl-
containing solution. The girl received four boluses of 
5 ml/kg 0.45% NaCl over 12 h to reduce serum sodium. 
Subsequently, free water was started via a nasogastric tube 
(5  ml/kg/hour). This gradually improved sodium levels 
over the next 72  h. In parallel, there was a gradual cor-
rection of acidosis, ketosis, and blood glucose levels. The 
corrected serum sodium trend is shown in Figure 1.

Thirty-two hours after admission, potassium levels 
were maintained above 4 mmol/L, so intravenous potas-
sium correction via sliding scale was stopped (Figure 1). 
Intravenous fluids were gradually reduced, and insulin 
was changed to a variable intravenous infusion first and 
then to a subcutaneous insulin basal-bolus regimen.

The girl fully recovered without any neurological defi-
cit and was discharged home after 5 days of hospital stay 
on a basal-bolus regimen with insulin glargine and aspart.

Additional blood tests performed during the admission 
were consistent with type 1 diabetes: HbA1c of 120 mmol/
mol, positive glutamic acid decarboxylase, and islet cell 

antibodies. The celiac screen was negative, and thyroid 
function was normal. As per standard pediatric diabetes 
care,7 the patient was initially weekly reviewed and later 
3-monthly as an outpatient by the local diabetes team, in 
order to receive appropriate education and training on di-
abetes care and review her diabetic management.

3   |   DISCUSSION

We report a 13-year-old girl who presented with severe 
DKA, as the first manifestation of type 1 diabetes, and 
with concomitant COVID-19 infection. DKA was compli-
cated by early profound hypokalemia and hypernatremia.

Diabetic ketoacidosis is still a common manifestation 
of type 1 diabetes and is associated with a significant risk 
of morbidity, mortality, and increased healthcare costs.8 
DKA may occur from delayed diagnosis due to lack of 
recognition of diabetes symptoms in children.9 Electrolyte 
abnormalities can complicate DKA management and con-
tribute to poor outcomes.8

Hypokalemia is an uncommon finding during the ini-
tial evaluation of patients with DKA, when potassium lev-
els are often normal or slightly increased, although total 
body potassium is deficient.10 Normal or increased serum 
potassium levels indicate an extracellular potassium shift 
caused by the concomitant acidosis and extracellular hy-
pertonicity induced by hyperglycemia.11 This extracellular 

F I G U R E  1   Summary of the patient's glucose, pH, and electrolyte concentrations during admission
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shift causes the total body potassium deficit to be under-
estimated in patients with DKA. Hypokalemia has been 
reported in only 5%–10% of patients at DKA presentation, 
with values rarely below 2.5 mmol/L.12

Hypokalemia in DKA likely results from a combina-
tion of kaliuresis, secondary to prolonged osmotic diure-
sis, inadequate oral intake, and gastrointestinal losses 
from diarrhea or vomiting.13 Kaliuresis is also driven by 
secondary hyperaldosteronism from profound losses of 
sodium and extracellular volume.14  No measurement of 
urinary potassium was available for our patient. Our pa-
tient had a prolonged duration of polyuria of over 9 weeks 
and reduced oral intake to the extent that her mother sus-
pected a potential eating disorder before establishing the 
diagnosis of diabetes.

The International Society for Pediatric and Adolescent 
Diabetes (ISPAD) guidelines for the management of DKA 
recommend measuring serum potassium before start-
ing insulin.6 Such a recommendation aims at preventing 
severe iatrogenic hypokalemia, associated with insulin 
infusion. The same guidelines also recommend delay-
ing intravenous insulin until serum potassium levels are 
>2.5 mmol/L.6

A few cases of profound hypokalemia in children with 
DKA have been reported. Davis et al. reported a case of an 
8-year-old girl with profound hypokalemia (1.3 mmol/L) 
accompanied by cardiac dysrhythmia at presentation.15 
In this report, insulin infusion was delayed until serum 
potassium increased above 2.5 mmol/L with treatment. A 
similar approach was recommended by Murthy et al.16

In our patient, profound hypokalemia at presentation 
indicated severe total body potassium depletion, necessi-
tating potassium replacement at a higher concentration, 
and delayed starting insulin therapy. Insulin was delayed 
for 15  h, at a very low rate of 0.03 units/kg/h once the 
serum potassium levels were >2.5 mmol/L.

While trying to understand the plausible causes of pro-
found hypokalemia in our case, the impact of COVID-19 
was explored. Hypokalemia has been reported in adults 
with SARS-CoV-2 infection, possibly due to renal potas-
sium wasting.17 The angiotensin-converting enzyme 2 has 
been suggested as a functional receptor for SARS-CoV-2 
in the kidney and might be implicated in renal potassium 
wasting.18

Hyponatremia is more common than hypernatremia 
in patients with DKA.6 High plasma glucose concentra-
tion increases plasma tonicity, thus driving water from 
the intracellular to the extracellular space, which dilutes 
the extracellular sodium. In addition, secretion of vaso-
pressin limits water loss via the kidney, and altogether, 
these mechanisms lead to hyponatremia.19 Case reports 
of hypernatremia in adolescents with DKA have been at-
tributed to the large intake of carbonated drinks or the use 

of herbal products.20–23 However, our patient reported no 
history of such intake and hypernatremia was not present 
at presentation.

Elevated or normal serum sodium values in the context 
of hyperglycemia imply a considerable total body water 
deficit. This is caused by renal water excretion exceeding 
sodium excretion due to glycosuria-induced osmotic di-
uresis and insufficient water replenishment.24 In our case, 
extreme hypernatremia was mainly due to large free water 
losses associated with osmotic diuresis. Hypernatremia 
was aggravated by a large amount of sodium received 
during fluid management, multiple hypertonic saline bo-
luses for suspected cerebral edema, and failure to replace 
the large urinary free water losses.

Once the corrected sodium concentration is above 
145  mmol/L, 0.45% sodium chloride may be utilized. 
However, too fast correction of serum sodium may induce 
cerebral edema.25

Hypernatremia, in our case, persisted even after chang-
ing fluids to 0.45% sodium chloride, and sodium levels 
dropped only once free water was introduced.

Hypernatremia may induce cellular dehydration within 
the central nervous system, causing disturbed conscious-
ness. This accounts for our patient's reduced GCS after 
cerebral edema, sepsis, and hypoxemia were excluded as 
potential causes of central nervous system depression.26

Estifan et al. reported a case series of hypernatremia 
in patients with DKA, presenting with reduced conscious 
levels, and who were significantly dehydrated. Even with 
appropriate management, patients continued to be lethar-
gic, and this was likely due to an effect on the sensorium 
of high osmolarity.27

The severity of DKA in our patient may have been trig-
gered by the concurrent COVID-19 infection, despite the 
absence of typical respiratory symptoms. According to the 
available evidence, adults with diabetes have a less favor-
able prognosis when infected with SARS-CoV-2.28 There 
are no data suggesting that children with type 1 diabetes 
are at a greater risk of COVID-19 infection. In addition, if 
they acquire COVID-19, their prognosis is similar to their 
peers without diabetes.29

During the COVID-19 pandemic, many countries re-
ported a rise in the number of children with type 1 dia-
betes presenting with DKA.30–32  This has been linked 
to delayed presentation and difficulty obtaining medi-
cal guidance at the appropriate time. A UK study found 
that 20% of newly diagnosed type 1 diabetes in children 
and adolescents was delayed presentation, with 40% due 
to fear of virus transmission, and other factors includ-
ing inaccessibility to medical care (22%) and misdiag-
nosis (17%).33  The pathogenic processes causing acute 
metabolic problems in patients with type 1 diabetes and 
COVID-19 remain unknown but are likely related to the 
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associated proinflammatory status.32 To date, there are no 
data supporting SARS-CoV-2-induced pancreatic tissue 
destruction, with subsequent hyperglycemia.34

4   |   CONCLUSIONS

In conclusion, we have described the case of a 13-year-old 
girl who presented with DKA and hypokalemia and later 
developed hypernatremia, and who was incidentally 
found to be positive for COVID-19.

Severe hypokalemia and hypernatremia are rare elec-
trolyte imbalances at DKA presentation. In this patient, 
careful management of fluid and insulin infusions led to 
a good clinical outcome. We hypothesize a possible con-
tributing role of the concomitant COVID-19 infection in 
the severity of our case. Further data on potential similar 
cases could help support our hypothesis.
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