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Summary - Diabetic ketoacidosis (DKA) is a serious medical emergency once considered typical of
type 1 diabetes (T1IDM), but now reported in type 2 and GDM patients too. Though, DKA can cause
severe complications and even prove fatal. These recommendations, based on international and
national guidelines, are designed to help healthcare professionals reduce the frequency and
burden of DKA.

DEFINITION

According to the ISPAD [1], diabetic ketoacidosis (DKA) - characterized by hyperglycemia,
metabolic acidosis, ketonuria and excessive serum ketone bodies - represents the most serious
acute metabolic complication of diabetes mellitus.

IMPACT AND HOSPITALIZATION RATE

The annual incidence of DKA has been estimated at 13.6 and 14.9 episodes/1000 patients with
T1DM in the UK and Sweden, respectively [2,3], and at 4 to 8 episodes/1000 patients in the United
States, depending on the patients’ age (but data on populations under 30 indicate up to 13.4
episodes/1000 patients) [4—6]. According to the most robust pediatric data, about 65,000 children
under the age of 15 worldwide develop TIDM each year. The changing prevalence of TIDM has
clearly emerged from the World Health Organization’s Diamond project [7]. The prevalence of DKA
in children varies from 15% to 70% of cases of diabetes at onset [8] in developed countries, and in
Italy is between 32% and 41.1%, based on four reports (the most recent in 2016) [9-12].
Hospitalization for DKA has increased by 30% in the last decade in the US [6], accounting for over
500,000 days in hospital in 2009, and direct and indirect costs of 2.4 billion dollars a year. In
developing countries the numbers are even higher: in Africa 80 in every 1000 patients with TIDM
are hospitalized each year for DKA, with a mortality rate over 30%. DKA should no longer be seen
as a complication of type 1 alone, however, since about one in three hospitalizations for DKA in
the US and Sweden involve patients with type 2 diabetes [2,3].

PATHOPHYSIOLOGY

Diabetic patients’ relative or absolute insulin deficiency results in a low glucose uptake in insulin-
dependent tissues (muscle, liver, fat), triggering a counter-regulatory insulin response that may be
accentuated by the production of proinflammatory cytokines [13,14]. At the onset of T1IDM, an
absolute insulin deficiency prompts proteolysis, lipolysis and an increased hepatic and renal
glucose output. The production and accumulation of ketones deriving from the oxidation of
hepatic fatty acids is due to the failure of the citric acid cycle [15]. (Figure 1).

CAUSES

Infections are the most common precipitating condition in DKA, but other precipitating (Table 1)
and risk factors (Table 2, 3) in adult and children are known. [15,16]
Risk Factors for Recurrent Diabetic Ketoacidosis in Adults and children are shown in table 4 and 5.



Protective factors for DKA in children are shown in Table 6.

New-onset diabetes is not the most frequent association with DKA: only 20% of patients
hospitalized for DKA have no history of diabetes. This is extremely important because it might
point to action to contain the frequency of DKA at the onset of diabetes, which is associated with
lower remission rates and a lower residual functional reserve of pancreatic beta cells [75].

DKA IN CHILDHOOD AND ADOLESCENCE

The pathophysiology of DKA is similar in children and adults, but several pathophysiological and
clinical features may make it difficult to diagnose and to cure in children (Table 7 )[1].

In a condition of organic acidosis (es lactic acidosis, DKA, ingestion of substances that are
metabolised in organic acids), the production of organic acids is proportionally higher in pediatric
age.

Children have a high basal metabolism and a high body surface compared with their weight:
special attention must be given to the estimation of dehydration and to the fluid therapy,
considering also that, in infants, dehydration and hyperosmolarity are often severe because of
their inability of liquids intake. The severity of dehydration and hyperosmolarity is inversely
related to the adequacy of their fluid intake.

Besides, also the clinical features in children could be more difficult to interpretate: for example, if
the diabetes is not suspected, Kussmaul sign could be confused with dyspnea due to asthmatic
bronchitis or bronchiolitis (in younger patients) and this could induce to start corticosteroidal
therapy. The children crying may not be interpreted as a sign of thirst, or it may be misinterpreted
as a sign of hunger, prompting the administration of milk, which aggravates their hyperglycemia
and hyperosmolarity.

DKA IN PREGNANCY

Pregnancy is associated with insulin resistance, accelerated fasting, facilitated anabolism, and
respiratory alkalosis, especially in the second and third trimesters [76—78]. These physiological
mechanisms facilitates glucose supply to the fetus, and coincides with a gradually increasing
insulin secretion to maintain normal glucose tolerance [76,77]. In pregnancy complicated by
T1DM, the lack of exogenous insulin disrupts the balance between the facilitated anabolism and
accelerated fasting so explaining the difficulty of keeping blood sugar levels within normal range. If
hyperglycemia is not treated promptly, the pregnancy-induced increase in lipolysis makes patients
more susceptible to DKA.

In pregnant women with type 2 diabetes, a low insulin sensitivity overlaps a pre-existing insulin
resistance, necessitating insulin therapy from the start of the pregnancy to avoid DKA. The levels
of maternal ketone bodies are 35% higher in the third trimester of pregnancy than postpartum
[79]. The greater alveolar ventilation in pregnant women also determines a state of respiratory
alkalosis, compensated by an increased renal excretion of bicarbonates, which reduces the
kidney’s buffer capacity. Fetal and placental glucose needs (about 150 g/day), an increased renal



excretion of glucose, and the mother’'s higher glucose consumption and physiological
hemodilution explain why DKA can occur more quickly and with lower blood glucose levels in
diabetic women during pregnancy [79,80]. (Table 8).

DKA WITH LOWER-THAN-EXPECTED GLUCOSE LEVELS (euglycemic ketoacidosis)

Euglycemic ketoacidosis is a severe form of DKA, with serum bicarbonate levels of 10 mEq/L or
slightly lower in the absence of hyperglycemia (blood glucose <14 mmol/l), reported in young
individuals with T1IDM, and in pregnant women with pregestational diabetes types 1 or 2, or
gestational diabetes. [81,82] The use of SGLT2 inhibitors has been associated with this type of
DKA, dampening enthusiasm for this new class of drugs, but a recent review found this association
still rare (in <0.1% of treated patients with type 2 diabetes), and mostly related to off-label use in
patients with LADA, or triggered by controllable precipitating factors such as insulin omission or
dose reduction, severe acute illness, dehydration, extensive exercise, low carbohydrate diets, or
excessive alcohol intake [83,84].

DEFINITION and DIAGNOSIS

The biochemical criteria for the diagnosis of DKA are [85,86]:

- Hyperglycemia (blood glucose >11mmol/L [200mg/dL])
- Venous pH <7.3 or serum bicarbonate <15mmol/L
- Ketonemia or ketonuria

Blood beta-hydroxybutyrate (BOHB) concentration 23mmol/L is indicative of DKA.
Urine ketones are typically moderate or large positive (22+).

The severity of DKA is categorized by the degree of acidosis [85]:

- Mild: venous pH<7.3 or serum bicarbonate <15mmol/L
- Moderate: pH<7.2, serum bicarbonate <10mmol/L
- Severe: pH 7.1, serum bicarbonate <5mmol/L

DKA is a medical emergency requiring rapid diagnosis and prompt treatment (Table 9) [87-89].

PECULIARITIES of DKA in CHILDREN

The DKA is an important mortality and morbidity cause in pediatric age. [90] The metabolic
alterations, as the electrolyte disorders or cerebral edema, are responsible for an high long-term
morbidity rate. [90-92]

Patients should be treated at pediatric sub-intensive or intensive care units, especially for children
aged <5 years with longstanding symptoms and a risk of cerebral edema [1,93]. The team should
be led by a pediatrician diabetologist with expertise in DKA therapy. The Pediatric Glasgow Coma



Scale [94] should be used for children under 36 months old, because of their limited language
development.

At the moment of the first medical examination, 23% of children with onset of DMT1 are not
diagnosed. [74] A diagnostic fault can increase the risk of DKA at the onset of DMT1 up to 4-fold.
[56,64,95-97] The elapsed time since the last health check is longer in children with DKA (median
172 vs 263 days, P=0.01). Patients without DKA at the onset of DMT1 are submitted to ambulatory
glycemic control more often and they report less symptoms at the first medical examination
(compared with DKA patients). Besides, “non-DKA children” parents know diabetes symptoms and
so they can suspect it. The awareness campaigns objectives should include: a bigger ambulatory
use of glycemic and ketonemic test strips, increased DMT1 knowledge in the general population, a
good understanding of socio-economic factors that can delay the DMT1 diagnosis[74] Among the
socio-familiar causes we can find: the lack of medical insurance, the lack of time to accompany the
children to the medical examination, the difficulty in setting up an appointment, problems at work
(and the fear to loosing it). [74, 98]

The cerebral edema prevalence is higher in pediatric age and its pathogenesis isn’t completely
understood: there are some disputes about the type and the rate of infusion in the treatment of
DKA because an excessive liquid intake can represent a risk factor for cerebral edema (Table 10)
[99-101]

A prospective study (the PECARN FLUID study) [101] has made a comparison between acute and
cronic DKA effects in 1255 children treated with two different protocols: one with rapid and the
other with slow infusion; one with NaCl 0.45% and the other with NaCl 0.9% infusion. The study
has disclosed no differences about cerebral edema incidence or long-term neuro-cognitive
outcomes between the two protocols.[102] In the case of a liquid deficit of 5-10% replaced in 24-
48 hours with the maintenance infusion (NaCl 0.45-0.9%), the risk of cerebral edema is similar in
both the situations. For these therapeutic ranges, the liquid intake can be modified in order to
replace the volume deficit. [85,102] The study shows that it's possible to administer all the
necessary fluids, in the case of severe dehydration, but rapid overhydration should be avoided.
Besides, it’s possible that a slow fluid resuscitation might prolong the cytotoxic effects of
dehydration and acidosis. [103]

Monitoring of acute phase of DKA should be done according the general guidelines PALS [104,
105] (Pediatric Advanced Life Support) and it includes glycemic and BOHB detection, the
assessment of weight and height and of the dehydration severity; the state of consciousness
should be evaluated through the Pediatric Glasgow Coma Scale (it is specific for children under the
age of 36 months). [94]

PECULIARITIES of DKA in PREGNANT WOMEN

The symptoms of DKA are the same in pregnancy, but its onset is faster. Abdominal pain can be
intense and accompanied by uterine contractions. When infection is the precipitating factor,
patients may have fever or, in some cases, hypothermia [106]. The same blood tests should be



performed as in other cases of DKA, but bearing in mind that blood glucose levels may be lower in
pregnant women with diabetes (normoglycemic ketoacidosis).

Intensive monitoring of maternal and fetal conditions is essential because DKA can cause fetal
hypoxia and acidosis. Fetal heart rate variability should be monitored from 24 weeks of gestation
onwards. The fetal biophysical profile may be abnormal, and blood flow redistributed. The timing
of delivery will depend on the condition of mother and child, and their response to medical
treatment. [106,107]

METHODS FOR ASSESSING DKA

Blood glucose should initially be measured hourly until it stabilizes, and electrolytes, BUN and
serum creatinine every 2-4 hours, depending on the case’s severity and clinical response.
There is no need to obtain arterial pH. Venous pH (which is 0.02-0.15 units below arterial pH)
suffices to assess response to therapy, and venous bicarbonate levels (which are 1.88 mmol/L
higher than arterial levels). [108]

Beta-hydroxybutyrate (BHB) assay in blood is used to is the preferred method for assessing ketone
levels. Table 11. Noyes indicates an optimal BHB descent rate of 0.5 mmol / L / h during DKA
therapy. [109]

The serum anion gap is measured to provide an estimate of the plasma anions, as shown in Table
12.

Anion gap monitoring is useful as its normalization reflects the correction of DKA, though
ketonuria and ketonemia may persist for more than 36 hours due to the slower removal of
(chemically neutral) acetone, which occurs partly through the lungs. (Level of evidence 1+).
Hyponatremia is often seen at onset, and at least partly associated with hypertriglyceridemia,
which causes a reduction in the aqueous phase of the serum in which Na+ is present. Corrected
sodium is calculated by formula shown in (Table 12).

The ketone body mainly increased in DKA is beta-hydroxybutyrate (BHB). Systematic BHB point-of-
care tests (POCTs) are useful for monitoring DKA treatment in the presence of significant ketosis
(>1.5 mmol/L) [109,110], as they are now accurate for values <3.0-4.0 mmol/I [111,112]

THERAPY

The goals of therapy in DKA are to correct acidosis, to reverse ketosis, to correct the dehydration and to
normalize blood glucose level.

Treating DKA includes rehydration, administering insulin, stabilizing blood glucose, restoring
normal serum potassium levels, correcting global potassium deficiencies and acidosis, and treating
associated processes e.g. infections or myocardial infarction. [112,113]

Rehydration



This is the first mandatory step to normalize blood volume and renal perfusion and increase
urinary clearance of glucose and ketone bodies. Net body water loss due to osmotic diuresis may
reach 3-6 liters in DKA patients and, since the sodium lost in urine is around 70 mmol/L, the net
water loss is more severe than the loss of sodium. Rehydration must be gradual, however, to avoid
cerebral edema. [114,115]

Normal saline (NaCl 0.9%) infusions promptly reduces osmolarity and glucose levels by dilution
and increase urinary glucose loss by improving renal perfusion. Dehydration should be corrected
within 24 hours, frequently checking hemodynamics, urine output and laboratory data. Fluid
overload must be avoided in patients with heart or kidney problems. [117,118]

Insulin therapy

Insulin lowers blood glucose levels by reducing liver glucose synthesis (rather than increasing
peripheral glucose disposal), and ketone body synthesis (by lowering lipolysis and glucagon
secretion), and increasing ketone body usage. Lipolysis is affected at much lower insulin
concentrations than those needed to influence blood glucose [119].

Adequate insulin should reduce serum ketone bodies by 0.5 mmol/L/hour or increase circulating
bicarbonates by 3 mmol/L/hour and reduce capillary blood glucose by 3 mmol/L/hour [113].
Insulin is usually administered intravenously, but intramuscular or subcutaneous routes are
feasible in patients with normal hemodynamics.

Subcutaneous insulin should only be given to patients with mild DKA, checking glucose hourly

[120]. (Level of evidence 1+) An appropriate schedule for administering subcutaneous insulin
would be: 0.3 U/kg BW, then 0.1 U/kg hourly until blood glucose falls below 200 mg/dl; then 0.1
U/kg every two hours or 0.05 U/kg hourly until resolution.

Intravenous insulin - Several studies have shown that small doses of intravenously-administered
insulin suffice for DKA.

Glucose administration

As soon as blood glucose levels drop to 200-250 mg/dl, normal saline is replaced with 5-10%
glucose solutions. The insulin infusion rate is maintained or reduced to 0.02-0.05 U/kg/hour [1,14].
(Level of evidence 1+). Insulin and fluids are adjusted to maintain blood glucose between 150 and
200 mg/dl until the DKA episode is over [1,14]. Reducing blood glucose too quickly carries a risk of
cerebral edema.

Potassium supplementation, resolution of acidosis, and correction of other electrolyte
derangements

Potassium supplementation

Patients with DKA have whole-body potassium deficiency (usually 2-5 mmol/kg) due to urinary or
gastrointestinal losses, so they tend to have high serum potassium levels as their intracellular
potassium shifts to the extracellular space due to lack of insulin and high plasma osmolarity
[121,122]. After starting treatment for DKA, their serum potassium drops (sometimes to very low
values) as potassium is shifted back into the cells and lost in the urine.



Potassium is osmotically active, so when solutions containing 40 mEqg/L are used in patients with
high serum osmolarity, 40 mEq of potassium should be added to a liter of a hemitonic solution.
The final solution will have 117 mEq of cations/L (77 mEq/L sodium plus 40 mEg/L potassium) and
75% of the osmolarity of normal saline.

Bicarbonate administration

Bicarbonate is not routinely recommended because most patients reach metabolic equilibrium
with rehydration and insulin, especially if their arterial pH is >7.0 [1,14]. (Level of evidence 1++)
However some patients benefit from alkali administration if they have a pH <7.0, a poorly
perfused periphery due to impaired heart function and vasodilation, or dangerous levels of serum
potassium (a bicarbonate infusion of 100 mEq in a volume of 400 ml over 2 hours is recommended
if serum potassium is >6.9).

Bicarbonate administration doesn’t give any advantage [85,123]; it can promote paradox acidosis
in CNS and hypokalemia. [124] So, bicarbonate administration should be reserved to patients with
hearth failure and pH <6.9. [125]

Phosphate deficiency

Global phosphate deficiency is common in DKA, but serum levels are usually normal, or even high,
due to intracellular phosphate shifting to the extracellular space.

Some recommend administering phosphate if phosphatemia is <1 mg/dl (0.32 mmol/L), or
patients have low Hb or Pa02 levels, or muscle weakness. In such cases 20-30 mEq of phosphate
may be added to each liter of solution infused, monitoring calcium levels to avoid tetany [1,14].
(Level of evidence 2++)

Sodium balance

High blood glucose levels due to an increased extracellular osmolarity, make intracellular water
move to the extracellular space, diluting extracellular sodium. This effect is counteracted by
osmotic diuresis, so the loss of water is greater than the loss of sodium and potassium. Insulin
administration reduces blood glucose and plasma osmolarity, favoring the shift of sodium inside
the cells and restoring its extracellular concentration. Patients with initially normal sodium levels
may consequently become hypernatremic when treated with insulin and normal saline. This can
be avoided by calculating the serum sodium concentration (Table 12) to expect under the effect of
administering insulin alone (corrected sodium concentration).

Specific aspects of DKA therapy in children



About the liquid intake, initially 10ml/kg of saline solution are administered in 30-60 minutes only
if poor peripheral pulses, poor capillary filling with tachycardia, and/or hypotension are present.
Higher volumes are used only if low perfusion or shock signs persist after initial bolus.

The liquid infusion should be started before insulin administration; crystalloid solutions (saline) are
used. All fluid loss (and the liquid requirement) should be replaced in 24-48 hours. [85,102]

Maintenance water requirement is calculated in children with specific formulas (Table 13)
[85,126-128].

Calculation of dehydration

The calculation of dehydration degree is often inaccurate and overestimated. [129] In a study,
dehydration was detected in 67% of the patients and authors recommended to consider it
moderate and to adjust fluids on the basis of clinical response. [130]

Liquid intake generally isn’t 1.5-2 higher than the estimated volume required (Table 14). In this
liguid calculation, urinary losses are not to be considered. [131] Instead, the estimation of liquid
intake must be based on ideal weight. [85]

The signs that are most frequently considered are: prolonged capillary refill (generally >2 seconds),
reduced skin turgidity and abnormal breathing pattern. Besides, combinations of signs and
symptoms are used to predict dehydration [132] level as absence of tears, dry mucous and
compromised general condition; the presence of two or more of these signs showed a fluid deficit
of at least 5%. [133] In a study there was a moderate dehydration in the greater part of patients
(4-8%). [130] The clinical evaluation was a bad predictor of dehydration severity and it
overestimated the dehydration level in 67% of patients. In another prospective study, dehydration
was about 5,7% (median) and the rate fluid administration was 48,8 ml/Kg/h (38,5-60,3 ml/Kg/h:
25°C-75°C). [134] If there are hypotension, weak peripheral pulses and oliguria, dehydration of
10% should be suspected. [85] In the study of Ugale et al., the dehydration median was of 5,2%
(interquartile range: 3,1-7,8%) and the 95% of patients presented a mild-moderate dehydration.
[135] Fluid administraion seems appropriate in the majority of patients when a 6% dehydration is
estimated. [135] The British Society for Paediatric Endocrinology and Diabetes (BSPED) considers a
initial deydration assumption of 5% as adequate, in patients with a mild-moderate DKA (pH>7.1).
Besides, it suggest to assume a dydration level of 10% only in patients with a severe DKA (pH<7.1).
[136].

A gradual correction of hyperosmolarity and a simultaneous increase of the “corrected” sodium
are important objectives of rehydration. [137] In fact the “corrected” sodium represents the
expected serum concentration in absence of hyperglycemia. It’s very important to control
corrected sodium concentrations during the therapy (Table 12), since that its increase or its
decline could be a sign of impending cerebral edema (Table 10). [85]



Insulin administration is started at least an hour after the beginning of saline solution infusion
(0.05-0.1 U/Kg/day). In the cases of less severe DKA, slower infusion rate have been used (0.03
U/Kg/h) in children of pre-school age. [85]

About the BOHB, the ideal rate of decrease should be 0.5mmol/L/h and about the glycemia, it
should be 50-100 mg/dl/h. [85,109] For glycemic values under 250-300 mg/dl, glucose solution
should be administered, in order to slow down the rate of glycemia decrease; glucose solution at
10% can be used to prevent hypoglycaemia and to provide a minimum energy intake in order to
inhibit ketosis.

Even if potassium can be normal at the onset of DKA, total deficit can be up to 6 mmol/Kg. [85] Potassium
administration should be delayed only in case of hyperkalaemia, after verifying adequate urine output. In
case of hypokalaemia, potassium is administered already during the re-expansion phase (20mmol/L) and
the start of insulin infusion can be appropriately delayed. [85] In the other cases (normal kalaemia) infusion
administration is started with the maintenance and rehydration phases. The potassium is in the form of KCl
+ acetate (50%-50%) or KCl + phosphate (50%-50%) at a dose of 40 mmol/L. Later, the concentrations are
adjusted depending on electrolytes detected values. The maximum potassium rate infusion is
0.5mmol/Kg/h. Phosphate administration is appropriate only in the case of severe hypophosphatemia, with
its clinical signs (metabolic encephalopathy, cardiac and breathing failure). [85]

About the bicarbonate administration (1-2 mmol/Kg over 60 minutes), it is necessary only for
extreme acidosis (pH<6.9) or in case of life-threatening hypokalaemia. [85,138]

Mannitol and hypertonic saline solution (for cerebral edema treatment) should be always
available in pediatric centres specialised in DKA management. Mannitol dose is 0.5-1 g/Kg in 10-15
minutes; instead hypertonic salin (3%) dosages are 2.5-5 ml/Kg in 10-15 minutes, in alternative or
in addition to mannitol or if there is no response to it in 15-30 minutes. Even if a recent meta-
analysis reports a prevalent use of hypertonic salin, it’s important to emphasise that it seems to be
associated to higher mortality rate. [139]

In any case, cerebral edema therapy should be started when clinical criteria for its diagnosis are
fulfilled, without waiting until the neuroradiological confirmation. [140]

Resolution of DKA

A DKA episode can be considered over when the anion gap is <12 mEg/L and patients resume
eating. Serum and urine ketone levels may remain high for another 36 hours due to the slow
elimination of acetone through the lungs.

Subcutaneous insulin can be administered when blood glucose is <200 mg/dl, the anion gap <12
mEq (or < the local upper limit), plasma bicarbonate >18 mEg/L, and venous pH >7.3.

It is important to continue venous insulin administration for 1-2 hours after starting subcutaneous
insulin to avoid serum glucose or ketone body rebound.



Previously insulin-treated patients should resume their usual insulin dose, while insulin-naive
patients should start with multiple daily injections for a daily insulin dose (basal + boluses) of 0.5-
0.8 U/kg.

Complications

Thrombosis DKA is proinflammatory and stimulates blood coagulation, raising the risk of
thrombosis [14,141,142], so prophylactic heparin may be beneficial. (Level of evidence 4).

Cerebral edema may complicate DKA in children, accounting for 70-80% of DKA mortality.
Symptoms (altered state of consciousness) usually appear within 12-24 hours. The pathogenic
mechanism remains unknown. Infusions of mannitol (0.25-1.0 g/kg ) or 3% saline (5-10 mL/kg in 30
min) are recommended [100,143-145].

Pulmonary edema is a rare complication of DKA, usually occurring early in patients with heart
problems, and after an excessively rapid infusion of crystalloids.

Hypoglycemia caused by overcorrecting high blood glucose levels may stimulate counter-
regulatory hormone secretion, with acidosis, cardiac arrhythmias and acute brain damage. It can
be avoided by starting with 5-10% glucose infusions when blood glucose falls below 200 mg/ml.

DKA Prevention

Strategies for the early diagnosis of TIDM help to prevent DKA, and include: health education to
improve people’s awareness [146]; identifying high-risk individuals based on family history,
genetic and immunological screening.

Other preventive strategies are: patients’ active involvement in diabetes treatment, and careful
use of medication prescribed by doctors. In particular patients needs to know the importance of
blood glucose monitoring (at least 4 times a day, and more frequently in case of illness, use of
medication that raises blood sugar, or stress) to identify any significant variations outside normal
range. Then they must be able to make insulin dose adjustment based on diabetologists’
recommendations according to blood glucose levels, physical exercise, and other factors
influencing glycemic control. They need to know to check on hematic or urinary ketone levels in
the event of high blood glucose levels (above 250 mg/dl, or 200 mg/dl in pregnancy) in two
separate, successive tests. And that if the ketone test is positive, a doctor, diabetologist or
emergency service should be contacted immediately. In this context the early detection of BHB in
the capillary blood is essential for patients on CSII [147,148].



References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]
(12]

(13]

(14]

(15]

(16]

(17]

Wolfsdorf JI, Allgrove J, Craig ME, Edge J, Glaser N, Jain V, et al. ISPAD Clinical Practice Consensus
Guidelines 2014. Diabetic ketoacidosis and hyperglycemic hyperosmolar state. Pediatr Diabetes
2014;15 Suppl 2:154-79. doi:10.1111/pedi.12165.

Dave J, Chatterjee S, Davies M, Higgins K, Morjaria H, McNally P, et al. Evaluation of admissions and
management of diabetic ketoacidosis in a large teaching hospital. Pract Diabetes Int 2004;21:149—-
53. d0i:10.1002/pdi.622.

Wang ZH, Kihl-Selstam E, Eriksson JW. Ketoacidosis occurs in both Type 1 and Type 2 diabetes--a
population-based study from Northern Sweden. Diabet Med 2008;25:867—-70. doi:10.1111/j.1464-
5491.2008.02461.x.

Johnson DW, Skon L, Johnson R. Effects of Cooperative, Competitive, and Individualistic Conditions
on Children’s Problem-Solving Performance. Am Educ Res J 1980;17:83. doi:10.2307/1162510.

Faich GA, Fishbein HA, Ellis SE. The epidemiology of diabetic acidosis: a population-based study. Am
J Epidemiol 1983;117:551-8. doi:10.1093/oxfordjournals.aje.a113577.

United States Department of Health and Human Services National Center for Health Statistics C for
DC and P, United States Department of H, Human Services C for DC, Prevention NC for HS. National
Hospital Discharge Survey 1996. https://www.cdc.gov/nchs/nhds/index.htm.

Karvonen M, Tuomilehto J, Libman I, LaPorte R. A review of the recent epidemiological data on the
worldwide incidence of Type 1 (insulin-dependent) diabetes mellitus. Diabetologia 1993;36:883-92.
doi:10.1007/BF02374468.

Dabelea D, Rewers A, Stafford JM, Standiford DA, Lawrence JM, Saydah S, et al. Trends in the
Prevalence of Ketoacidosis at Diabetes Diagnosis: The SEARCH for Diabetes in Youth Study.
Pediatrics 2014;133:€938-45. doi:10.1542/peds.2013-2795.

Pocecco M, Nassimbeni G. [Distribution of new cases of insulin-dependent diabetes mellitus (IDDM)
by age, sex, seasonality, and clinical characteristics at onset in youngsters from the Friuli Venezia
Giulia region from 1987 to 1990]. Pediatr Med Chir n.d.;15:489-92.

Prisco F, Picardi A, lafusco D, Lorini R, Minicucci L, Martinucci ME, et al. Blood ketone bodies in
patients with recent-onset type 1 diabetes (a multicenter study). Pediatr Diabetes 2006;7:223-8.
doi:10.1111/j.1399-5448.2006.00187 .x.

Sebastiani Annicchiarico L, Guglielmi A. The EURODIAB experience in Lazio. Ann Ig 1992;4:173-8.

Cherubini V et al, Skrami E, Ferrito L, Zucchini S, Scaramuzza A, Bonfanti R, et al. High frequency of
diabetic ketoacidosis at diagnosis of type 1 diabetes in Italian children: a nationwide longitudinal
study, 2004-2013. Sci Rep 2016;6:1—7. d0i:10.1038/srep31707.

Kitabchi AE, Umpierrez GE, Fisher JN, Murphy MB, Stentz FB. Thirty years of personal experience in
hyperglycemic crises: diabetic ketoacidosis and hyperglycemic hyperosmolar state. J Clin Endocrinol
Metab 2008;93:1541-52. doi:10.1210/jc.2007-2577.

Nyenwe EA, Kitabchi AE. Evidence-based management of hyperglycemic emergencies in diabetes
mellitus. Diabetes Res Clin Pract 2011;94:340-51. doi:10.1016/].diabres.2011.09.012.

Foster DW, McGarry JD. The metabolic derangements and treatment of diabetic ketoacidosis. N Engl
J Med 1983;309:159-69. doi:10.1056/NEJM198307213090307.

Hanas R, Lindgren F, Lindblad B. A 2-yr national population study of pediatric ketoacidosis in
Sweden: predisposing conditions and insulin pump use. Pediatr Diabetes 2009;10:33-7.
doi:10.1111/j.1399-5448.2008.00441.x.

Umpierrez GE, Kelly JP, Navarrete JE, Casals MMC, Kitabchi AE. Hyperglycemic crises in urban blacks.
Arch Intern Med 1997;157:669-75. doi:10.1001/archinte.1997.00440270117011.



(18]

(19]

(20]

[21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]
(31]

(32]

(33]

(34]

(35]

(36]

Qari F. Clinical characteristics of patients with diabetic ketoacidosis at the intensive care unit of a
university hospital. Pakistan ] Med Sci 2015;31:1463—6. doi:10.12669/pjms.316.7550.

Maldonado MR, Chong ER, Oehl MA, Balasubramanyam A. Economic impact of diabetic ketoacidosis
in a multiethnic indigent population: Analysis of costs based on the precipitating cause. Diabetes
Care 2003;26:1265-9. doi:10.2337/diacare.26.4.1265.

Alourfi Z, Homsi H. Precipitating factors, outcomes, and recurrence of diabetic ketoacidosis at a
university hospital in Damascus. Avicenna J Med 2015;5:11. doi:10.4103/2231-0770.148503.

Van den Berghe G, Kitabchi AE, Fisher JN. Hyperglycemic Crises: Diabetic Ketoacidosis (DKA) and
Hyperglycemic Hyperosmolar State (HHS). Acute Endocrinol., MDText.com, Inc.; 2008, p. 119-47.
doi:10.1007/978-1-60327-177-6_6.

Wachtel TJ. Predisposing Factors for the Diabetic Hyperosmolar State. Arch Intern Med
1987;147:499. doi:10.1001/archinte.1987.00370030103020.

Wachtel TJ, Tetu-Mouradjian LM, Goldman DL, Ellis SE, O’Sullivan PS. Hyperosmolarity and acidosis
in diabetes mellitus. J Gen Intern Med 1991;6:495-502. doi:10.1007/BF02598216.

Polonsky WH, Anderson BJ, Lohrer PA, Aponte JE, Jacobson AM, Cole CF. Insulin omission in women
with IDDM. Diabetes Care 1994;17:1178-85. doi:10.2337/diacare.17.10.1178.

Statements ADA, Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic crises in adult
patients with diabetes. Diabetes Care 2009;32:1335-43. d0i:10.2337/dc09-9032.

Mahesh M. The Study of Different Clinical Pattern of Diabetic Ketoacidosis and Common
Precipitating Events and Independent Mortality Factors. J Clin DIAGNOSTIC Res 2017;11:0C42—-6.
doi:10.7860/jcdr/2017/25347.9760.

Rahim MA, Rouf R, Ahmed AU, Mitra P, Zaman S, Uddin KN, et al. Clinical Characteristics and
Outcome of Diabetic Ketoacidosis: Experience at BIRDEM, Dhaka, Bangladesh. Bangladesh Crit Care J
2015;3:53-6. doi:10.3329/bccj.v3i2.25110.

Desai R, Singh S, Syed MH, Dave H, Hasnain M, Zahid D, et al. Temporal Trends in the Prevalence of
Diabetes Decompensation (Diabetic Ketoacidosis and Hyperosmolar Hyperglycemic State) Among
Adult Patients Hospitalized with Diabetes Mellitus: A Nationwide Analysis Stratified by Age, Gender,
and Race. Cureus 2019. doi:10.7759/cureus.4353.

Petzoldt R, Trabert C, Walther A, Schoffling K. [Etiology and prognosis of diabetic coma--a
retrospective study]. Verh Dtsch Ges Inn Med 1971;77:637-40. doi:5155916.

Panzram G. [Epidemiology of diabetic coma]. Schweiz Med Wochenschr 1973;103:203-8.

Soler NG, Fitzgerald MG, Bennett MA, Malins JM. INTENSIVE CARE IN THE MANAGEMENT OF
DIABETIC KETOACIDOSIS. Lancet 1973;301:951-4. doi:10.1016/5S0140-6736(73)91597-3.

Berger W, Keller U, Vorster D. [Mortality from diabetic coma at the Basle Cantonal Hospital during 2
consecutive observation periods 1968-1973 abd 1973-1978, using conventional insulin therapy and
treatment with lose dose insulin]. Schweiz Med Wochenschr 1979;109:1820-184.

Barski L, Nevzorov R, Rabaev E, Jotkowitz A, Harman-Boehm |, Zektser M, et al. Diabetic
ketoacidosis: Clinical characteristics, precipitating factors and outcomes of care. Isr Med Assoc J
2012;14:298-302. doi:22799061.

Flood RG, Chiang VW. Rate and prediction of infection in children with diabetic ketoacidosis. Am J
Emerg Med 2001;19:270-3. doi:10.1053/ajem.2001.24473.

Idrees S, Gupta S, Mantilla M, Goyal P, Hulinsky I. Unusual cause of severe diabetic ketoacidosis
precipitated by Streptococcus bovis/equinus (SBSEC) bacteremia: Case report and review of
literature. IDCases 2018;11:53-5. doi:10.1016/j.idcr.2017.12.004.

Nyenwe E, Loganathan R, Blum S, Ezuteh D, Erani D, Wan J, et al. Active Use of Cocaine: An
Independent Risk Factor for Recurrent Diabetic Ketoacidosis in a City Hospital. Endocr Pract



(37]

(38]

(39]

[40]

(41]

[42]

[43]

[44]

(45]

(46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

2007;13:22-9. doi:10.4158/EP.13.1.22.

Warner EA, Greene GS, Buchsbaum MS, Cooper DS, Robinson BE. Diabetic Ketoacidosis Associated
With Cocaine Use. Arch Intern Med 1998;158:1799. doi:10.1001/archinte.158.16.1799.

Kitabchi AE, Umpierrez GE, Murphy MB, Kreisberg R a. Hyperglycemic Crises in Adult Patients With
Diabetes: A consensus statement from the American Diabetes Association. Diabetes Care
2006;29:2739-48. doi:10.2337/dc06-9916.

Sobngwi E, Gautier J-F, Kevorkian J-P, Villette J-M, Riveline J-P, Zhang S, et al. High prevalence of
glucose-6-phosphate dehydrogenase deficiency without gene mutation suggests a novel genetic
mechanism predisposing to ketosis-prone diabetes. J Clin Endocrinol Metab 2005;90:4446-51.
doi:10.1210/jc.2004-2545.

Katz JR, Edwards R, Khan M, Conway GS. Acromegaly presenting with diabetic ketoacidosis. Postgrad
Med J 1996;72:682-3. doi:10.1136/pgm|.72.853.682.

Szeto CC, Li KY, Ko GTC, Chow CC, Yeung VTF, Chan JCN, et al. Acromegaly in a woman presenting
with diabetic ketoacidosis and insulin resistance. Int J Clin Pract 1997;51:476-7.

Waterhouse M, Sabin |, Plowman N, Akker S, Chowdhury TA. A “growing cause” of diabetic
ketoacidosis. BMJ Case Rep 2009;2009. doi:10.1136/bcr.11.2008.1226.

Markabawi D, Kondapi D, Tambe V, Seth R. When it is not just DKA; diabetic ketoacidosis as a first
presentation of pancreatic adenocarcinoma. Am J Emerg Med 2018;36:1720.e1-1720.e2.
doi:10.1016/j.ajem.2018.05.070.

Fadini GP, Bonora BM, Avogaro A. SGLT2 inhibitors and diabetic ketoacidosis: data from the FDA
Adverse Event Reporting System. Diabetologia 2017;60:1385-9. d0i:10.1007/s00125-017-4301-8.

Burke KR, Schumacher CA, Harpe SE. SGLT2 Inhibitors: A Systematic Review of Diabetic Ketoacidosis
and Related Risk Factors in the Primary Literature. Pharmacother J Hum Pharmacol Drug Ther
2017;37:187-94. d0i:10.1002/phar.1881.

Miyoshi Y, Ogawa O, Oyama Y. Nivolumab, an Anti-Programmed Cell Death-1 Antibody, Induces
Fulminant Type 1 Diabetes. Tohoku J Exp Med 2016;239:155-8. doi:10.1620/tjem.239.155.

Schachter J, Ribas A, Long G V, Arance A, Grob J-J, Mortier L, et al. Pembrolizumab versus ipilimumab
for advanced melanoma: final overall survival results of a multicentre, randomised, open-label
phase 3 study (KEYNOTE-006). Lancet (London, England) 2017;390:1853-62. doi:10.1016/5S0140-
6736(17)31601-X.

Hoff R, Koh C-K. Isoproterenol Induced Insulin Resistance Leading to Diabetic Ketoacidosis in Type 1
Diabetes Mellitus. Case Rep Endocrinol 2018;2018:1-3. doi:10.1155/2018/4328954.

Bryant SN, Herrera CL, Nelson DB, Cunningham FG. Diabetic ketoacidosis complicating pregnancy. )
Neonatal Perinatal Med 2017;10:17-23. doi:10.3233/NPM-1663.

Smith CP, Firth D, Bennett S, Howard C, Chisholm P. Ketoacidosis occurring in newly diagnosed and
established diabetic children. Acta Paediatr 1998;87:537-41. d0i:10.1111/j.1651-
2227.1998.tb01499.x.

Monabeka HG, Mbika-Cardorelle A, Moyen G. [Ketoacidosis in children and teenagers in Congo].
Sante 2003;13:139-41.

Thompson CJ, Cummings F, Chalmers J, Newton RW. Abnormal insulin treatment behaviour: a major
cause of ketoacidosis in the young adult. Diabet Med 1995;12:429-32.

Mecklenburg RS, Benson EA, Benson JW, Fredlund PN, Guinn T, Metz RJ, et al. Acute complications
associated with insulin infusion pump therapy. Report of experience with 161 patients. JAMA
1984;252:3265-9. doi:10.1001/jama.1984.03350230025026.

Lévy-Marchal C, Patterson CC, Green A. Geographical variation of presentation at diagnosis of Type |
diabetes in children: the EURODIAB Study. Diabetologia 2001;44:B75—80. doi:10.1007/PL0O0002958.



(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

(70]

Karges B, Rosenbauer J, Holterhus P-M, Beyer P, Seithe H, Vogel C, et al. Hospital admission for
diabetic ketoacidosis or severe hypoglycemia in 31 330 young patients with type 1 diabetes. EurJ
Endocrinol 2015;173:341-50. doi:10.1530/EJE-15-0129.

Usher-Smith JA, Thompson MJ, Sharp SJ, Walter FM. Factors associated with the presence of
diabetic ketoacidosis at diagnosis of diabetes in children and young adults: a systematic review. BM)J
2011;343:d4092. doi:10.1136/bm;j.d4092.

Fritsch M, Rosenbauer J, Schober E, Neu A, Placzek K, Holl RW. Predictors of diabetic ketoacidosis in
children and adolescents with type 1 diabetes. Experience from a large multicentre database.
Pediatr Diabetes 2011;12:307-12. doi:10.1111/j.1399-5448.2010.00728 .x.

Hekkala AM, llonen J, Toppari J, Knip M, Veijola R. Ketoacidosis at diagnosis of type 1 diabetes:
Effect of prospective studies with newborn genetic screening and follow up of risk children. Pediatr
Diabetes 2018;19:314-9. doi:10.1111/pedi.12541.

Rewers A, Peter Chase H, Mackenzie T, Walravens P, Roback M, Rewers M, et al. Predictors of acute
complications in children with type 1 diabetes. ] Am Med Assoc 2002;287:2511-8.
doi:10.1001/jama.287.19.2511.

Jefferies C, Cutfield SW, Derraik JGB, Bhagvandas J, Albert BB, Hofman PL, et al. 15-year incidence of
diabetic ketoacidosis at onset of type 1 diabetes in children from a regional setting (Auckland, New
Zealand). Sci Rep 2015;5:10358. doi:10.1038/srep10358.

Veijola R, Reijonen H, Vahasalo P, Sabbah E, Kulmala P, llonen J, et al. HLA-DQB1-defined genetic
susceptibility, beta cell autoimmunity, and metabolic characteristics in familial and nonfamilial
insulin-dependent diabetes mellitus. Childhood Diabetes in Finland (DiMe) Study Group. J Clin Invest
1996;98:2489-95. doi:10.1172/JCI119067.

Maniatis AK, Goehrig SH, Gao D, Rewers A, Walravens P, Klingensmith GJ. Increased incidence and
severity of diabetic ketoacidosis among uninsured children with newly diagnosed type 1 diabetes
mellitus. Pediatr Diabetes 2005;6:79—-83. doi:10.1111/j.1399-543X.2005.00096.x.

Schober E, Rami B, Waldhoer T. Diabetic ketoacidosis at diagnosis in Austrian children in 1989-2008:
a population-based analysis. Diabetologia 2010;53:1057-61. doi:10.1007/s00125-010-1704-1.

Mallare JT, Cordice CC, Ryan BA, Carey DE, Kreitzer PM, Frank GR. Identifying risk factors for the
development of diabetic ketoacidosis in new onset type 1 diabetes mellitus. Clin Pediatr (Phila)
2003;42:591-7. doi:10.1177/000992280304200704.

Bui H, To T, Stein R, Fung K, Daneman D, Mbbch DD, et al. Is Diabetic Ketoacidosis at Disease Onset a
Result of Missed Diagnosis? J Pediatr 2010;156:472-7. doi:10.1016/j.jpeds.2009.10.001.

Thomas M, Harjutsalo V, Feodoroff M, Forsblom C, Gordin D, Groop P-H. The long-term incidence of
hospitalization for ketoacidosis in adults with established T1D — a prospective cohort study. J Clin
Endocrinol Metab 2019. doi:10.1210/clinem/dgz003.

Hermann JM, Meusers M, Bachran R, Kuhnle-Krahl U, Jorch N, Hofer SE, et al. Self-reported regular
alcohol consumption in adolescents and emerging adults with type 1 diabetes: A neglected risk
factor for diabetic ketoacidosis? Multicenter analysis of 29 630 patients from the DPV registry.
Pediatr Diabetes 2017;18:817-23. doi:10.1111/pedi.12496.

Everett E, Mathioudakis N. Association of Area Deprivation and Diabetic Ketoacidosis Readmissions:
Comparative Risk Analysis of Adults vs Children With Type 1 Diabetes. J Clin Endocrinol Metab
2019;104:3473-80. d0i:10.1210/jc.2018-02232.

Kalscheuer H, Seufert J, Lanzinger S, Rosenbauer J, Karges W, Bergis D, et al. Event rates and risk
factors for the development of diabetic ketoacidosis in adult patients with type 1 diabetes: Analysis
from the DPV registry based on 46,966 patients. Diabetes Care 2019;42:E34—6. doi:10.2337/dc18-
1160.

Del Degan S, Dubé F, Gagnon C, Boulet G. Risk Factors for Recurrent Diabetic Ketoacidosis in Adults



[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

With Type 1 Diabetes. Can J Diabetes 2019;43:472-476.e1. doi:10.1016/j.jcjd.2019.01.008.

Cooper H, Tekiteki A, Khanolkar M, Braatvedt G. Risk factors for recurrent admissions with diabetic
ketoacidosis: a case-control observational study. Diabet Med 2016;33:523-8.
doi:10.1111/dme.13004.

Smaldone A, Honig J, Stone PW, Arons R, Weinger K. Characteristics of California children with single
versus multiple diabetic ketoacidosis hospitalizations (1998-2000). Diabetes Care 2005;28:2082-4.
doi:10.2337/diacare.28.8.2082-a.

Rosenbauer J, Icks A, Giani G. Clinical Characteristics and Predictors of Severe Ketoacidosis at Onset
of Type 1 Diabetes Mellitus in Children in a North Rhine-Westphalian Region, Germany. J Pediatr
Endocrinol Metab 2002;15:1137-45. doi:10.1515/JPEM.2002.15.8.1137.

Baldelli L, Flitter B, Pyle L, Maahs DM, Klingensmith G, Slover R, et al. A survey of youth with new
onset type 1 diabetes: Opportunities to reduce diabetic ketoacidosis. Pediatr Diabetes 2017;18:547—
52. doi:10.1111/pedi.12455.

Onyiriuka AN, Ifebi E. Ketoacidosis at diagnosis of type 1 diabetes in children and adolescents:
frequency and clinical characteristics. J Diabetes Metab Disord 2013;12:47. doi:10.1186/2251-6581-
12-47.

Di Cianni G, Miccoli R, Volpe L, Lencioni C, Del Prato S. Intermediate metabolism in normal
pregnancy and in gestational diabetes. Diabetes Metab Res Rev 2003;19:259-70.
doi:10.1002/dmrr.390.

Lain KY, Catalano PM. Metabolic changes in pregnancy. Clin Obstet Gynecol 2007;50:938—48.
doi:10.1097/GRF.0b013e31815a5494.

Catalano PM, Tyzbir ED, Wolfe RR, Calles J, Roman NM, Amini SB, et al. Carbohydrate metabolism
during pregnancy in control subjects and women with gestational diabetes. Am J Physiol Metab
1993;264:E60-7. doi:10.1152/ajpendo.1993.264.1.E60.

Rodgers BD, Rodgers DE. Clinical variables associated with diabetic ketoacidosis during pregnancy. J
Reprod Med 1991;36:797-800.

Hawthorne G. Maternal complications in diabetic pregnancy. Best Pract Res Clin Obstet Gynaecol
2011;25:77-90. doi:10.1016/j.bpobgyn.2010.10.015.

Munro JF, Campbell IW, McCuish AC, Duncan LJ, Yusuf M, Chaudhry S, et al. Euglycaemic diabetic
ketoacidosis. J Coll Physicians Surg Pakistan 1973;9:147-8. doi:10.1002/pdi.1220.

Guo R-X, Yang L-Z, Li L-X, Zhao X-P. Diabetic ketoacidosis in pregnancy tends to occur at lower blood
glucose levels: case-control study and a case report of euglycemic diabetic ketoacidosis in
pregnancy. vol. 34. 2008. doi:10.1111/j.1447-0756.2008.00720.x.

Goldenberg RM, Berard LD, Cheng AYY, Gilbert JD, Verma S, Woo VC, et al. SGLT2 Inhibitor-
associated Diabetic Ketoacidosis: Clinical Review and Recommendations for Prevention and
Diagnosis. Clin Ther 2016;38:2654-2664.e1. doi:10.1016/j.clinthera.2016.11.002.

Ahmadieh H, Ghazal N, Azar ST. Role of sodium glucose cotransporter-2 inhibitors in type | diabetes
mellitus. Diabetes Metab Syndr Obes 2017;10:161-7. doi:10.2147/DMS0.5122767.

Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers A, et al. ISPAD Clinical Practice Consensus
Guidelines 2018: Diabetic ketoacidosis and the hyperglycemic hyperosmolar state. Pediatr Diabetes
2018;19:155-77. doi:10.1111/pedi.12701.

Chase HP, Garg SK, Jelley DH. Diabetic Ketoacidosis in Children and the Role of Outpatient
Management. Pediatr Rev 1990;11:297-304. doi:10.1542/pir.11-10-297.

Miles JM, Gerich JE. Glucose and ketone body kinetics in diabetic ketoacidosis. Clin Endocrinol
Metab 1983;12:303-19.

Bird S. Failure to diagnose: Diabetic ketoacidosis. Aust Fam Physician 2010;39:867-8.



(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

doi:10.1111/j.1464-5491.1986.tb00738.x.

Fayfman M, Pasquel FJ, Umpierrez GE. Management of Hyperglycemic Crises: Diabetic Ketoacidosis
and Hyperglycemic Hyperosmolar State. Med Clin North Am 2017;101:587-606.
do0i:10.1016/j.mcna.2016.12.011.

Klingensmith GJ, Tamborlane W V., Wood J, Haller MJ, Silverstein J, Cengiz E, et al. Diabetic
Ketoacidosis at Diabetes Onset: Still an All Too Common Threat in Youth. J Pediatr 2013;162:330-
334.el. doi:10.1016/j.jpeds.2012.06.058.

Realsen J, Goettle H, Chase HP. Morbidity and mortality of diabetic ketoacidosis with and without
insulin pump care. Diabetes Technol Ther 2012;14:1149-54. doi:10.1089/dia.2012.0161.

Hsia DS, Tarai SG, Alimi A, Coss-Bu JA, Haymond MW. Fluid Management in Pediatric Patients with
DKA and Rates of Suspected Clinical Cerebral Edema HHS Public Access. Pediatr Diabetes
2015;16:338-44. doi:10.1111/pedi.12268.

Quinn M, Fleischman A, Rosner B, Nigrin DJ, Wolfsdorf JI. Characteristics at diagnosis of type 1
diabetes in children younger than 6 years. J Pediatr 2006;148:366—-71.
doi:10.1016/j.jpeds.2005.10.029.

Holmes JF, Palchak MJ, MacFarlane T, Kuppermann N. Performance of the pediatric glasgow coma
scale in children with blunt head trauma. Acad Emerg Med 2005;12:814-9.
doi:10.1197/j.aem.2005.04.019.

Blanc N, Lucidarme N, Tubiana-Rufi N. Facteurs associés a I'acidocétose révélatrice du diabéte de
I'enfant et a sa sévérité. Arch Pédiatrie 2003;10:320-5. doi:10.1016/50929-693X(03)00033-2.

Pawtowicz M, Birkholz D, NiedZzwiecki M, Balcerska A. Difficulties or mistakes in diagnosing type 1
diabetes mellitus in children? The consequences of delayed diagnosis. Pediatr Endocrinol Diabetes
Metab 2008;14:7-12.

PawA,owicz M, Birkholz D, NiedA°wiecki M, Balcerska A. Difficulties or mistakes in diagnosing type 1
diabetes in children? - demographic factors influencing delayed diagnosis. Pediatr Diabetes
2009;10:542-9. doi:10.1111/j.1399-5448.2009.00516.x.

Bonfanti R, Buono P, Cardella F, Cauvin V, Cherubini V, Chiari G, et al. Raccomandazioni per la
gestione della chetoacidosi diabetica in eta pediatrica - Gruppo di Studio di Diabetologia Pediatrica
S.I.E.D.P. Acta Biomed 2015,;86:4-25.

Brown TB. Cerebral oedema in childhood diabetic ketoacidosis: Is treatment a factor? Emerg Med J
2004;21:141-4. doi:10.1136/em;j.2002.001578.

Glaser NS, Ghetti S, Casper TC, Dean JM, Kuppermann N. Pediatric diabetic ketoacidosis, fluid
therapy, and cerebral injury: the design of a factorial randomized controlled trial. Pediatr Diabetes
2013;14:435-46. d0i:10.1111/pedi.12027.

Edge J a., Jakes RW, Roy Y, Hawkins M, Winter D, Ford-Adams ME, et al. The UK case-control study
of cerebral oedema complicating diabetic ketoacidosis in children. Diabetologia 2006;49:2002-9.
doi:10.1007/s00125-006-0363-8.

Kuppermann N, Ghetti S, Schunk JE, Stoner MJ, Rewers A, McManemy JK, et al. Clinical Trial of Fluid
Infusion Rates for Pediatric Diabetic Ketoacidosis. N Engl J Med 2018;1:4—4.
do0i:10.21037/pm.2018.09.02.

Wolfsdorf J. Neither fluid rate nor sodium content affect neurocognitive outcomes in DKA. J Pediatr
2019;206:298-301. doi:10.1016/j.jpeds.2018.12.072.

Kleinman ME, de Caen AR, Chameides L, Atkins DL, Berg RA, Berg MD, et al. Pediatric Basic and
Advanced Life Support: 2010 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science With Treatment Recommendations. Pediatrics
2010;126:€1261-318. doi:10.1542/peds.2010-2972A.



[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Berg MD, Schexnayder SM, Chameides L, Terry M, Donoghue A, Hickey RW, et al. Pediatric Basic Life
Support: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Pediatrics 2010;126:e1345-60. doi:10.1542/peds.2010-2972C.

Johnston DG, Alberti KG. Diabetic emergencies: practical aspects of the management of diabetic
ketoacidosis and diabetes during surgery. Clin Endocrinol Metab 1980;9:437-60.

Parker JA, Conway DL. Diabetic ketoacidosis in pregnancy. Obstet Gynecol Clin North Am
2007;34:533-43, xii. d0i:10.1016/j.0gc.2007.08.001.

Ma 0J, Rush MD, Godfrey MM, Gaddis G. Arterial blood gas results rarely influence emergency
physician management of patients with suspected diabetic ketoacidosis. Acad Emerg Med
2003;10:836-41. doi:10.1197/aem;.10.8.836.

Noyes KJ, Crofton P, Bath LE, Holmes A, Stark L, Oxley CD, et al. Hydroxybutyrate near-patient
testing to evaluate a new end-point for intravenous insulin therapy in the treatment of diabetic
ketoacidosis in children. Pediatr Diabetes 2007;8:150-6. doi:10.1111/j.1399-5448.2007.00240.x.

Ham MR, Okada P, White PC. Bedside ketone determination in diabetic children with hyperglycemia
and ketosis in the acute care setting. Pediatr Diabetes 2004;5:39-43. d0i:10.1111/j.1399-
543X.2004.00032.x.

Yu H-YE, Agus M, Kellogg MD. Clinical utility of Abbott Precision Xceed Pro® ketone meter in diabetic
patients. Pediatr Diabetes 2011;12:649-55. doi:10.1111/j.1399-5448.2011.00768.x.

Chase HP. Detection of ketosis and monitoring of diabetic ketoacidosis. Manag Care 2004;13:5-6;
discussion 19-21.

Rosenbloom AL. Intracerebral Crises During Treatment of Diabetic Ketoacidosis. Diabetes Care
1990;13:22-33. doi:10.2337/diacare.13.1.22.

Wallace TM, Matthews DR. Recent advances in the monitoring and management of diabetic
ketoacidosis. QJM 2004;97:773-80. doi:10.1093/qjmed/hch132.

Lam Tl, Anderson SE, Glaser N, O’Donnell ME. Bumetanide Reduces Cerebral Edema Formation in
Rats With Diabetic Ketoacidosis. Diabetes 2005;54:510—6. doi:10.2337/diabetes.54.2.510.

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

Durward A, Ferguson LP, Taylor D, Murdoch IA, Tibby SM. The temporal relationship between
glucose-corrected serum sodium and neurological status in severe diabetic ketoacidosis. Arch Dis
Child 2011;96:50-7. doi:10.1136/adc.2009.170530.

Katz MA. Hyperglycemia-induced hyponatremia--calculation of expected serum sodium depression.
N EnglJ Med 1973;289:843-4. doi:10.1056/NEJM197310182891607.

Kitabchi AE, Murphy MB, Spencer J, Matteri R, Karas J. Is a priming dose of insulin necessary in a
low-dose insulin protocol for the treatment of diabetic ketoacidosis? Diabetes Care 2008;31:2081-5.
doi:10.2337/dc08-0509.

Ers6z HO, Ukinc K, K6se M, Erem C, Gunduz A, Hacihasanoglu AB, et al. Subcutaneous lispro and
intravenous regular insulin treatments are equally effective and safe for the treatment of mild and
moderate diabetic ketoacidosis in adult patients. Int J Clin Pract 2006;60:429-33.
doi:10.1111/j.1368-5031.2006.00786.x.

Beigelman PM. Potassium in severe diabetic ketoacidosis. Am J Med 1973;54:419-20.
doi:10.1016/0002-9343(73)90037-5.

Adrogué HJ, Lederer ED, Suki WN, Eknoyan G. Determinants of plasma potassium levels in diabetic
ketoacidosis. Medicine (Baltimore) 1986;65:163—72. doi:10.1097/00005792-198605000-00004.

Okuda Y, Adrogue HJ, Field JB, Nohara H, Yamashita K. Counterproductive effects of sodium
bicarbonate in diabetic ketoacidosis. J Clin Endocrinol Metab 1996;81:314-20.



[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]
[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

do0i:10.1210/jcem.81.1.8550770.

Ohman JL, Marliss EB, Aoki TT, Munichoodappa CS, Khanna V V, Kozak GP. The cerebrospinal fluid in
diabetic ketoacidosis. N Engl J Med 1971;284:283-90. doi:10.1056/NEJM197102112840601.

Lever E, Jaspan JB. Sodium bicarbonate therapy in severe diabetic ketoacidosis. Am J Med
1983;75:263-8.

HOLLIDAY MA, SEGAR WE. The maintenance need for water in parenteral fluid therapy. Pediatrics
1957;19:823-32.

Friedman AL. Pediatric hydration therapy: Historical review and a new approach. Kidney Int
2005;67:380-8. d0i:10.1111/j.1523-1755.2005.00092..x.

Collier S, Gura K, de Loid L, Dalton M. Parenteral Nutrition 2014, p. 196. In: Sonneville K, Duggan C,
editors. Man. Pediatr. Nutr., USA: People’s Medical Publishing House; 2014, p. 196—-248.

Koves IH, Neutze J, Donath S, Lee W, Werther GA, Barnett P, et al. The accuracy of clinical
assessment of dehydration during diabetic ketoacidosis in childhood. Diabetes Care 2004;27:2485—
7. doi:10.2337/diacare.27.10.2485.

Fagan MJ, Avner J, Khine H. Initial fluid resuscitation for patients with diabetic ketoacidosis: How dry
are they? Clin Pediatr (Phila) 2008;47:851-5. doi:10.1177/0009922808319960.

Raghupathy P. Diabetic ketoacidosis in children and adolescents. Indian J Endocrinol Metab
2015;19:555-7. doi:10.4103/2230-8210.155403.

Steiner MJ. Is This Child Dehydrated? JAMA 2004;291:2746. doi:10.1001/jama.291.22.2746.

Gorelick MH, Shaw KN, Murphy KO. Validity and Reliability of Clinical Signs in the Diagnosis of
Dehydration in Children. Pediatrics 1997;99:e6—e6. doi:10.1542/peds.99.5.e6.

Sottosanti M, Morrison GC, Singh RN, Sharma AP, Fraser DD, Alawi K, et al. Dehydration in children
with diabetic ketoacidosis: a prospective study. Arch Dis Child 2012;97:96—-100.
doi:10.1136/archdischild-2011-300173.

Ugale J, Mata A, Meert KL, Sarnaik AP. Measured degree of dehydration in children and adolescents
with type 1 diabetic ketoacidosis. Pediatr Crit Care Med 2012;13:e103-7.
doi:10.1097/PCC.0b013e3182231493.

BSPED. BSPED Recommended Guideline for the Management of Children and Young People under
the age of 18 years with Diabetic Ketoacidosis 2015. Bsped 2015:16.

Halperin ML, Maccari C, Kamel KS, Carlotti AP, Bohn D. Strategies to diminish the danger of cerebral
edema in a pediatric patient presenting with diabetic ketoacidosis. Pediatr Diabetes 2006;7:191-5.
doi:10.1111/j.1399-5448.2006.00190.x.

Narins RG, Cohen JJ. Bicarbonate therapy for organic acidosis: the case for its continued use. Ann
Intern Med 1987;106:615-8. doi:10.7326/0003-4819-106-4-615.

Decourcey DD, Steil GM, Wypij D, Agus MSD. Increasing Use of Hypertonic Saline Over Mannitol in
the Treatment of Symptomatic Cerebral Edema in Pediatric Diabetic Ketoacidosis. Pediatr Crit Care
Med 2013;14:694-700. doi:10.1097/PCC.0b013e3182975cab.

Muir AB, Quisling RG, Yang MCK, Rosenbloom AL. Cerebral Edema in Childhood Diabetic
Ketoacidosis: Natural history, radiographic findings, and early identification. Diabetes Care
2004;27:1541-6. doi:10.2337/diacare.27.7.1541.

Article R, Wolfsdorf JI. The International Society of Pediatric and Adolescent Diabetes guidelines for
management of diabetic ketoacidosis: do the guidelines need to be modified? Pediatr Diabetes
2014;15:277-86. doi:10.1111/pedi.12154.

Goldman MH, Kashani M. Spurious hyponatremia in diabetic ketoacidosis with massive lipid
elevations. J Med Soc N J 1982;79:591-2.



[143] Rosenbloom AL. The management of diabetic ketoacidosis in children. Diabetes Ther 2010;1:103—
20. doi:10.1007/s13300-010-0008-2.

[144] 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.
doi:10.1016/].jpeds.2004.03.045.

[145] Lawrence SE, Cummings EA, Gaboury I, Daneman D. Population-based study of incidence and risk
factors for cerebral edema in pediatric diabetic ketoacidosis. J Pediatr 2005;146:688-92.
doi:10.1016/j.jpeds.2004.12.041.

[146] Vanelli M.; Chiari G.; Ghizzoni L.;Costi G.; Giacalone T.; Chiarelli F., Vanelli M, Chiari G, Ghizzoni L,
Costi G, Giacalone T, et al. Effectiveness of a prevention program for diabetic ketoacidosis in
children. An 8-year study in schools and private practices. Diabetes Care 1999;22:7-9.
doi:10.2337/diacare.22.1.7.

[147] Goffinet L, Barrea T, Beauloye V, Lysy PA. Blood versus urine ketone monitoring in a pediatric cohort
of patients with type 1 diabetes: a crossover study. Ther Adv Endocrinol Metab 2017;8:3-13.
doi:10.1177/2042018816681706.

[148] Weber C, Kocher S, Neeser K, Joshi SR. Prevention of diabetic ketoacidosis and self-monitoring of
ketone bodies: an overview. Curr Med Res Opin 2009;25:1197-207.
doi:10.1185/03007990902863105.



Figure 1. Flowchart of the onset of DKA
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Figure 2. Adult DKA management and monitoring.

IMMEDIATE MANAGEMENT 0-60 MINUTES

ACTION 1 - CONFIRM DIAGNOSIS

ALL 3 OF THE FOLLOWING MUST BE PRESENT TO CONFIRM DKA cBG mmol/L
Ketones mmol/L

1. Capillary blood glucose (CBG) 11.0 mmol/l or known diabetes pH
2. Capillary blood ketones>3.0 mmol/l or 2+ ketonuria HCO3- mmol/L

3. Venous pH<7.3 and/or venous bicarbonate<15 mmol/|

ACTION 2 - BASELINE ASSESSMENT ACTION 3 = INVESTIGATIONS

Na+ HCO3-

K+ Lactate ECG BLOOD CULTURES
Urea Lab glucose CXR CT HEAD
Creatinine GCs (E M Y ) MSU VTE PROPHYLAXIS GIVEN?
Chloride EWS BHCG CHECK ANION GAP
eGFR STOOL MC&S

ACTION 4 = PRECIPITATING FACTORS

INFECTION/SEPSIS IDIOPATHIC

STRESS OTHERS (STERQIDS, ALCOHOL, PREGNANCY,
NON-COMPLIANCE PUMP FAILURE)




ACTION 5 = IS THE PATIENT SHOCKED? Patient shocked (SBP<90mmHg) or severe DKA*

YES = Give 500ml 0.9% NaCl over 15 mins SpR/Consultant informed?

and give another 500ml bolus over 15 Time:
mins if SBP still<100mHg (Hypotension
is likely to be due to low circulating *Severe DKA

Ketones>6, pH<7.1, HCO3- <5,
K+<3.5, GC5<12, Sp02<92%,

volume but consider other causes such

as sepsis/heart failur etc.) $SBP<90, Pulse>100/60
NO = Give 1L 0.9% NaCl over an hour call ITU
ACTION 6 = INSULIN Done? Initial Time
= Prescribe 50 units of Actrapid in 49.5ml 0.9%NaCl (1unit/mil)
» Commence a fixed rate insulin infusion at 0.1unit/Kg/hour m|
*  Maximum 15ml/hour (starting dose)
Weight: Kg Initial insulin rate: ml(units)/hour
If patient takes long acting insulin (e.g. Insuman Basal, Humulin I, o
Glargine, Levemir, Degludec, Youjeo) continue as normal Dose: units
ACTION 7 = POTASSIUM REPLACEMENT
Venous K level KCL replacement Life threatening hypokalemia can occur with
>5,5mmol/L None insulin infusion.
3,5-5,5mmol/L 40mmol/L o If k+ infusion is greater than 20mmol/hour
<3,5mmaol/L SENIOR ADVICE, cardiac monitoring is nedeed
additional K+ requires DO NOT GIVE KCL IF ANURIC
ACTION 8 = REASSESS PATIENT
Poor urine output (<0,5ml/Kg/hour) = catheterise GCS<13 = consider CT head
Persistent vomiting or reduced CGS— consider NGT Senior review? Name Time

Sp02<94% on air = ABG/CXR
Persistent acidosis? = consider other causes




60 MINUTES to 6 HOURS — ADMIT TO Monitored

ACTION 1 = MONITORING

CBG/BLOOD KETONES = HOURLY FLUID BALANCE = HOURLY
VBG = 2,4,6,12,18 hrs EWS = HOURLY

U&ES = 6,12,24 hrs

PLEASE CHART THESE VALUES ON THE MONITORING CHART

ACTION 2 = IV FLUIDS NOTE — Caution in elderly, CCF, ESRF,
1L 0.9% NaCl +/- KCl over 2 hrs (500ml/hour) adolescence, pregnancy (risk of

1L 0.9% NaCl +/- KCl over 2 hrs (500ml/hour) cerebral and pulmonary cedema)

1L 0.9% NaCl +/- KCl over 4 hrs (250ml/hour)

When CBG<14.0mmol/L add 125ml/hour of 10% glucose to run alongside 0.9% NaCl (consider reducing rate of
0.9% NacCl to reduce risk of fluid overload)

ACTION 3 = IV FLUID ADJUSTMENTS

* Continue 0.9% NaCl (+KCl) as required to restore circulating volume

* Reassess patients volume status frequently (HR, BP, Urine Output, IVP, chest auscultation) and adjust fluid
appropriately

*  When CBG<14.0mmol/L start 10% glucose IV at 125ml/hour alongside 0.9% NaCl + KCI

ACTION 4 = TREATMENT TARGETS Ensure treatment targets are being met

1. Fallin CBG of>3mmol/L (until CBG<14.0mmol/L)

2. Fallin capillary blood ketones of>0.5mmol/L/hour

3. Rise in venous bicarbonate of>3.0mmol/L
If the patient is not improving as expected, check the patency of the lines and infusion pumps before increasing
insulin by 1-2 unit(ml)/hour

6— 12 HOURS

ACTIONS

* 1L 0.9% NaCl +/- KCl over 4 hours (250ml/hour)

* 1L 0.9% NaCl +/- KCl over 6 hours (125ml/hour)

*  IfCBG<14.0mmol/L add 10% glucose 125ml/hour, using a separate port

* Reassess CV status

*+ Check CBG, blood ketones, VBG, chloride, U&Es as above and signs of DKA resolution
* Ensure early referral to ThinkGlucose (TG) team

BEYOND 12 HOURS

RESOLUTION OF DKA
Resolution of DKA is defined as pH>7.3 and blood ketones<0.3mmol/L

1. If DKA has resolved and the patient is eating and drinking — switch to SC insulin (refer to TG team)
If DKA has resolved but the patient cannot eat or has another indicationfor IV insulin (severe sepsis/MIl)-use
a VRI infusion
3. Inform DSMN/TG team
By 24 hours ketonaemia and acidosis should have been resolved. Seek senior review or Diabetes Team support if
not improving




MONITORING CHART
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TREATMENT AIMS

1. Blood ketones to fall by at least 0,5mmol/L/hour

2. Venous bicarbonate to rise by at least 3mmol/L

3. Bloog glucose to fall by at least 3mmol/L/hour
IF THIS IS NOT BEING ACHIEVED, CHECK LINES, THEN
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Table 1. Precipitating Factors in adult and pediatric DKA

Causes

Adults

ref

Poor compliance with insulin therapy and skipped anti-diabetic treatment

[17-27]

The rates of acute cardiovascular event, stroke, venous thromboembolism

[20,21,26-28]

Infection (Urinary tract infection, respiratory tract infection, cellulitis, gastroenteritis)

[5,17-23,26,27,29-35]

Newly detected diabetes [26][19]
Alcohol abuse [17,36,37]
Cocaine abuse [17,36,37]
Underlying medical iliness (glucose-6-phosphate dehydrogenase deficiency, [38—43]
Acromegaly, pancreatic adenocarcinoma)

Medications (SGLT-2, Nivolumab, Pembrolizumab, Isoproterenol) [38,44-48]
Diabetic ketoacidosis complicating pregnancy (67% with type 1 diabetes) [49]
Children and adolescent

insulin omission [16,50,51]
Insulin error or manipulation [51,52]
Viral Infection or bacterial infection [34,51]
Insufficient education and inadeguate technical handling of the pump [16,53]

Alcohol and drugs

(16]




Table 2. Risk Factors in pediatric DKA

Low prevalence of T1DM in general population  |[54]

Age (teens vs youngers) [55-58]
Higher HbAlc [55,59]
Duration (longer) [55]

Sex (Females) [55-57]
Younger children (<2-4 years of age) [8,56,60]
Migration background or Etnic minority group [8,55-57]
Family history of diabetes [61]

Lack of private insurance [8,56,59,62]

Lower body mass index

[8,56,58,60,63]

Developing countries [51]
Limited medical care [19]
Psychiatric disorders [57,59]
Medical error [64]
Low family income [65]




Table 3. Predictors of DKA in adults with type 1 diabetes

Glucose control [66]
csli [66]
Smoking and alcohol consumption [66,67]
Raised HDL cholesterol and triglycerides [66]
Diabetic nephropathy [66]
Area deprivation [68]
Low socioeconomic status [68]
highest in patients aged 18—-30 (emerging adult) [69]
Migration background [69]
Diabetes duration <2 years or > 20 years [69]
HbAlc > 9,0% [69]
Treatment in a small center [69]




Table 4. Risk Factors for Recurrent Diabetic Ketoacidosis in Adults With Type 1
Diabetes

Alcohol or illicit drug abuse [70,71]
Higher glycated hemoglobin levels [70,71]
Non-adherence to insulin therapy [70,71]
Psychiatric illness [70]
SGLT2 inhibitors consumption [45]
Clinic non-attendance [71]

Table 5. Risk Factors for Recurrent Diabetic Ketoacidosis in children and
adolescents With Type 1 Diabetes

Higher HbAlc [57,59]
Higher age [57,72]
Higher Insulin dose [57,59]
Sex (female) [571[72]
Migration background [57]
Etnic minority group [72]
Publicly insured or underinsured | [59,72]
Psychiatric disorders [59]




Table 6. Protective Factors for DKA in children

High back-ground incidence of type 1 diabetes (protective) |[56]

Parental education (protective) [56,73]
Higher parental education (protective) [56]
First degree relative with Type 1 diabetes (protective) [56]

increasing provider glucose and ketone testing (protective) |[74]

Mention of diabetes at first visit? (protective) [74]

Blood glucose at first visit? (protective) [74]

Table 7. Characteristics of DKA in children.

- Polyuria and nocturnal enuresis are difficult to detect in early years

- Greater propensity to produce acids

- Difficulty in estimating dehydration and in calculating fluids to be infused

- Age-related lower demand for fluids and electrolytes per kg

- Kussmaul breathing can be mistaken for dyspnea associated with asthmatic bronchitis or
bronchiolitis, prompting the administration of corticosteroids

- General immaturity of homeostatic systems predisposes to cerebral edema




Table 8. DKA triggers in pregnancy

Fasting

Protracted vomiting

Infections

Malfunctioning insulin pump

Undiagnosed diabetes

Poorly controlled diabetes or poor compliance
Use of beta-sympathomimetic drugs for tocolysis
Use of steroids for fetal lung maturation

Diabetic gastroparesis

Table 9. Patient assessment

Initial patient assessment includes:

Heart rate and breathing, pulse and blood pressure, temperature

State of consciousness (plasma osmolarity >330 mosm/L is associated with stupor, >350
with coma; in cases of coma at lower osmolarity, an organic cause is likely)

Glasgow Coma Scale (GCS)

Ventilation (acidosis is accompanied by hyperventilation and hypocapnia)

Cardiovascular compensation

Fluid balance

Precipitating events (i.e. infections, myocardial infarction, malfunctioning insulin pump)

Blood chemistry and instrumental variables to check if DKA is suspected:

Glucose

Electrolytes (calculating the anion gap)
BUN and creatinine

Complete blood cell count

Urinalysis with ketonuria

Serum osmolarity (Table 12)
Ketonemia/ketonuria

Arterial pH and bicarbonate

ECG

Chest X-ray




Table 10. Risk factors for cerebral edema

Younger age

New onset diabetes

Longer duration of symptoms

Greater hypocapnia at presentation

Increased serum urea nitrogen at presentation

More severe acidosis at presentation

A marked early decrease in serum effective osmolality

An attenuate rise in serum sodium concentration or an early fall
in glucose-corrected sodium during therapy (see Table 12)

Administration of insulin in the first hour of fluid treatment

Table 11. Reference capillary blood BHB concentrations

Capillary blood concentration of BHB | Interpretation and intervention

< 0.6 mmol/L Normal
0.6-1.0 mmol/L Ketosis, adjust insulin therapy
1.0-3 mmol/L Risk of DKA; warrants medical intervention

>3 mmol/L DKA medical emergency; contact emergency department




Table 12. Formulas for DKA assessment and treatment

- anion gap (AG) = [Na +] - [CI- + HCO3-]

- effective plasma osmolarity = actual measured plasma osmolarity - (BUN/28)
- effective plasma osmolarity = 2 x ([Na +] + [K +] + glucose in mg/dL/18)

- corrected serum sodium [Na +] = ([Na +] + 2 x [glucose mg/dI] - 100/100

Table 13. Twenty-four-hour maintenance water requirement in children

Holliday-Segar

<10 kg 100 mL/kg/24 hr
11-20 kg 1000 mL + 50 mL/kg/24 hr for each kg from 11-20
>20 kg 1500 mL + 20 mL/kg/24 hr for each kg >20
Simplified method (based on Holliday-Segar)
<10 kg 4 mL/kg/hr
11-20 kg 40 + 2 mL/kg/hr for each kg between 11-20
60 + 1 mL/kg/hr for each kg >20

Body surface area method

2
1500 mL/m /24 hr

Adult estimate

2-3 L/24 hrs




Table 14. Suggested Daily Maintenance Fluid Replacement Rates for 5%
dehydration

Weight | Maintenance | 5% Dehydration Initial Infusion rate
(Kg) (ml/24 h) (ml/24 h) (mi/h)
5 405 125 22
10 1000 250 43
11 1050 275 46
15 1250 375 60
20 1500 500 72
40 1900 1000 119
60 2300 1500 158

80 2700 2000 196



