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Role of Capillary Blood Ketone Assay in Management of Diabetic Ketoacidosis in
Paediatric Intensive Care Unit
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ABSTRACT

Objective: To assess the role of capillary blood ketone assay in managing Diabetic Ketoacidosis in the Paediatric Intensive
Care Unit.

Study Design: Prospective longitudinal study.

Place and Duration of Study: Paediatric Intensive Care Unit of Children’s Hospital, University of Child Health Sciences,
Lahore Pakistan, from Jul to Dec 2021.

Methodology: Patients with Diabetic ketoacidosis fulfilling the inclusion criteria and admitted during the study period were
enrolled, and treatment was given according to standard protocol. On admission, capillary blood ketones were measured after
4-6 hours, and serial blood glucose, serum electrolytes, serum creatinine and venous blood gas were done.

Results: Out of 554 admissions, 55(9.9%) patients with diabetic ketoacidosis were enrolled. The mean age was 8.2+3.5 years,
with 28(50.9%) females. Among 33(60%) newly diagnosed cases, 13(23.6%) were moderate and 41(74.5%) with severe diabetic
ketoacidosis. 12(21.8%) cases developed AKI, 5(9.1%) required continuous renal replacement therapy, 10(18.2%) needed
mechanical ventilation, and 2(3.6%) expired. A positive statistical correlation was observed between capillary blood ketones
and standard acidosis markers on admission.

Conclusion: Capillary blood ketone assay has a significant role in managing Diabetic Ketoacidosis by prompt diagnosis, early
initiation of treatment and early stoppage of insulin infusion at resolution of ketosis without waiting for blood gas parameters
to normalise. Its use should be encouraged in PICUs, especially in low-resource settings, because of its cost-effectiveness.
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INTRODUCTION

In children, Diabetic ketoacidosis (DKA) presents
as an acute life-threatening emergency. At diagnosis,
30% of paediatric patients with Type-I diabetes present
with diabetic ketoacidosis, while others may develop
during their disease.! One local study mentioned DKA
cases increasing in PICU from 1.8% in 2010 and 3.4% in
2015.2 Over the last few years, the focus of DKA
management has changed from being glucose-centred
to ketone-centred.? “The criteria for the diagnosis of
DKA include hyperglycemia (blood glucose >11 mmol
/L [#200mg/dL], metabolic acidosis (venous pH <7.3
or serum bicarbonate <15 mmol/L, ketonemia (blood
$-hydroxybutyrate 23mmol/L) or moderate to large
ketonuria.4

Advancing technology and frequent use of ketone
meters have emphasised making treatment decisions
based on their readings, as beta-hydroxybutyrate
(BOHB) is the predominant ketone body in DKA,
which is tested by these ketone meters.> The urine
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ketone measurement is a relatively cheap detection
method. However, its limitations include delay in dia-
gnosis due to decreased urine production and severe
dehydration. Despite the correction of ketosis, insulin
infusions are continued longer because of the contin-
uous excretion of urinary ketones.s In low-resource
settings, urinary ketones are still commonly used
despite these limitations.”#

Regarding the use of capillary blood ketones, the
literature supports its role not only in the diagnosis of
DKA but also in monitoring treatment response.’10
Data is lacking regarding its use in Diabetic Ketoa-
cidosis management in paediatric intensive care units
(PICU), so we have undertaken this study to look for
the role of capillary blood ketones in management of
Diabetic Ketoacidosis in PICU by assessing the
statistical correlation between capillary blood ketones
and standard acidosis markers like pH, HCO3, Anion
Gap and Base Deficit.

METHODOLOGY

The prospective longitudinal study was
conducted at the Paediatric Intensive Care Unit of
Children’s Hospital, University of Child Health Scien-
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ces, Lahore, from July to December 2021 after approval
from the Institutional Review Board (2021-296-CHICH
dated June 16, 2021). The sample size was calculated
by Open Epi software version-3, using the 3.7%
prevalence of DKA in type one diabetes mellitus in the
paediatric population of Pakistan.?

Inclusion Criteria: Diabetic ketoacidosis patients of
either gender, with aged from 1 month to 16 years,
admitted to PICU, were included in the study.

Exclusion Criteria: Patients who left against medical
advice during the data collection procedure were
excluded from the study.

Diagnosis of Diabetic Ketoacidosis was made usi-
ng ISPAD 2018 guidelines which included “venous BG
>200 mg/dl, pH <7.30 and HCO3 <10 along with evid-
ence of ketosis (blood or urine) and severity of DKA
was categorised by the degree of acidosis: mild (pH
7.2-7.3), moderate (pH 7.1-7.2), or severe (pH <7.1 "4
Capillary blood ketone level 23mmol/L was labelled
as ketoacidosis. Acute Kidney Injury was labelled
based on serum creatinine values using KDIGO crit-
eria.l0 serum chloride level >106mEq/L (laboratory ref-
erence value) was labelled as hyperchloremia. On Call
GK Dual Blood Glucose and Ketone Meter (ACON
laboratories, USA) was used, a handheld device that
requires only a blood drop to measure both blood
ketone (BOHB) and blood glucose and the results were
seen within 30 seconds.

M — 2= = pY

Figure: Dual Glucose and Ketone meter for measurement of
both glucose and BOHB by a drop of blood.

All patients are given treatment according to stan-
dard DKA protocol, which comprises intravenous flui-
ds, regular insulin infusion @ 0.1 Units/kg/h, and a
serial clinical assessment of vitals and mental status.
Bedside blood ketones were initially measured at adm-
ission, then 4-6 hourly till resolution of DKA (pH >7.3,
HCO3 >15, and AG <12) using a ketone meter. Other

tests included hourly bedside blood glucose, venous
blood gas intermittently & serum electrolytes 4-6 hourly.

Statistical Package for Social Sciences (SPSS) ver-
sion 25.0 was used for the data analysis. Quantitative
variables were expressed as Mean+SD and qualitative
variables were expressed as frequency and percent-
ages. Independent sample t-test and Chi-square test
were applied to explore the inferential statistics. Pear-
son’s correlation coefficient was applied at two points:
initially at diagnosis and then at resolution of DKA.
The p-value of 0.05 or less was taken as significant.

RESULTS

Out of 554 admissions, 55(9.9%) patients with
DKA were diagnosed. Mean age of 8.2+£3.5 years was
noted with 28(50.9%) females. 33(60%) patients were
newly diagnosed cases. We had 13 patients (23.6%)
with moderate DKA, while 41 patients (74.5%) pres-
ented with severe DKA. Detailed demographic and
clinical characteristics are given in Table-I. On admis-
sion, the mean blood glucose was 416.5+123.4 mg/dL
and the mean blood ketone 6.36+1.18 mmol/L, while
in blood gas, we noted a mean pH of 7.03 £ 0.14, HCO3
4.49+2 .40 mmol /L, Base deficit -26.25+5.31 mmol/L &
Anion gap 29.98+£8.42. A detailed comparison of meta-
bolic characteristics is given in Table-II. Hyperchl-
oremia was documented in 43.6% of cases. 12(21.8 %)
patients developed AKI, and 5(9.1%) required contin-
uous renal replacement therapy. Ten patients (18.2%)
needed mechanical ventilation, and the mean stay in
the hospital was 4.9+4.5 days. 2(3.6%) patients with
severe DKA expired during our study period. Table-III
compares capillary ketones with acidosis parameters
on two occasions; on admission and at resolution. A
significant positive correlation was observed between
capillary blood ketones and acidosis markers (HCO3,
BD) on admission; however, no statistical correlation
was observed at the time of resolution of acidosis.

Table-I: Patients demographics and clinical characteristics

(n=55)

Variables Values
Age (years) 8.2+3.5(2-15)
Male 27(49.1%)
Female 28(50.9%)

Insulin Dependent Diabetes Mellitus
New cases 33(60%)
Old cases 22(40%)

Severity
Mild 1(1.8%)
Moderate 13(23.6%)
Severe 41(74.5%)
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Table-II: Metabolic Characteristics at Admission and on

Resolution (n=55)
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Lab Parameters

On Admission

On Resolution

pH 7.03(6.80-7.32) 7.33(7.28-7.46)
HCO3 4.49(1.60-11.40) 14.09(8.90-20.90)
Anion Gap 29.98(10-45) 18.46(5.30-30.70)
Base Deficit -26.25 -8.89
(-14.80 to-37.80) (-3.80 to -13.90)
Capillary Blood
Ketone y 6.36(3.5-8.0) 1.41(0.60-2.80)
Blood Glucose 463.22(103- >600) 174.12(102-262)
Sodium 134.57(120-148) 139.76(130-155)
Potassium 4.26(2.50-6.10) 3.79(2.10-5.30)
Chloride 99.6(82-124) 107.5(97-128)
Creatinine 0.95(0.35-5.10) 0.74(0.30-2.02)

Table-III: Comparison of B-HOB with Standard Acidosis
Markers on admission and at DKA resolution (n=55)

Variable Pearson Correlation On On
& p-value Admission | Resolution
pH Pearson Correlation -0.332 -0.063
p-value 0.013 0.650
HCO3 Pearson Correlation -0.451 -0.251
p-value 0.001 0.064
Base Deficit | Pearson Correlation 0.465 0.132
(BD) p-value <0.001 0.337
Anion Gap Pearson Correlation 0.275 0.224
(AG) p-value 0.042 0.100
DISCUSSION

Diabetic ketoacidosis is associated with signi-
ficant morbidity and mortality, while delayed diag-
nosis and treatment can prove lethal to the patient.
Capillary blood ketone testing can change the future of
DKA management by making early diagnosis without
exhausting our lab resources in low-resource settings.
Secondly, early stoppage of continuous insulin infus-
ion at a resolution of ketosis will shorten the length of
stay in our PICUs, along with avoiding hyperchlore-
mia due to prolonged chloride-rich fluid administration.

During the six-month duration, we received 9.9%
cases of DKA, which is more than 1.5% and 2.5% from
different PICUs of Karachi.?!! In our study, the mean
age was 8.2+3.5 years, comparable to other studies.21112
Female predominance (50.9%) was seen in our study,
similar to these local and international studies 2, 11, 13,
while other studies reported male predominance.1215
60% of cases in our study were newly diagnosed,
similar to many other studies 2,12,14 but contrary to
some international studies where reported figures are
25% and 35.8%, respectively.15

In our study, DKA severity was reported as 1.8%
mild, 23.6% moderate and 74.5% severe. These figures
of moderate and severe DKA are comparable with a

study by Aslam et al.12 Our reported figure of severe
DKA is high, most probably due to delayed presen-
tation and late referrals from the periphery, while we
had 1.8% cases of mild DKA; this figure is small as
mild cases are mostly being managed in the special
care unit of our Paediatric Endocrinology unit.

In our study, two patients of DKA had urinary
ketones <1, but capillary blood ketones were high alo-
ng with hyperglycemia and clinical picture, so they
were promptly diagnosed and managed. A study by
Rashid et al. mentioned a 25-30% error in diagnosing
DKA using urinary ketone measurements.'® So capil-
lary ketone testing should be encouraged in PICUs
because it is easy to use, cost-effective and helps in
rapid diagnosis and management of DKA. A similar
role is seen in one study done in the Emergency
Department.’”” Many studies have mentioned the role
of capillary blood ketones in sick day management of
people with diabetes during home monitoring, thus
preventing DKA episodes & reducing hospitalisation.8

Hyperchloremia was documented in 43.6% of
cases, which is less than the mentioned figures of 60%
and 90% in other studies,'!1 reasons being early switc-
hing to an insulin sliding scale once ketosis is resolved
by ketone meter readings rather than relying on values
of standard acidosis markers. Few published reports
have mentioned discontinuation of continuous insulin
infusion at a resolution of ketosis by readings of ketone
meters.?0 AKI reported in 21.8% of our cases, with
variable figures reported in literature ranging from 7%
to 64.2%.12

In our study, the total length of stay was 4.89+4.47
days, more than the local study.? Reason for long hos-
pital stays is attributed to delayed presentation with
more complications, especially in new cases where
parents had poor knowledge about the disease and its
symptoms; secondly, late referral from peripheries and
mismanaged cases.

CONCLUSION

Capillary blood ketone assay has a significant role in
managing Diabetic Ketoacidosis by prompt diagnosis, early
initiation of treatment, and early switching off the insulin
infusion at a resolution of ketosis without waiting for blood
gas parameters to normalise.Its use should be encouraged in
Paediatric Intensive Care Units, especially in low-resource
settings, because of its cost-effectiveness.
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