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DESCRIPTION

The management of diabetic ketoacids (DKA) is one condition that is often managed differently between
pediatric and adult patients. The speaker will emphasis pearls and potential pitfalls to avoid peril in the
pediatric patient in DKA.

The speaker will discuss differences in management strategies between adult and pediatric patients with
DKA and how these differences may affect. She will present the most recent literature and guidelines that
address common myths and pitfalls for DKA.

OBJECTIVES
e The similarities and differences between pediatric and adult patients with DKA.

e Identify potential management errors that can lead to awareness in pediatric patients.
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... or ARE they???
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Outline

e Compare/ contrast adult and pediatric patients
e Pitfalls in management for the pediatric patient
e Management strategies for insulin pumps


Presenter
Presentation Notes
DKA is one of the very few process where if we do what we would typically do in adults, we can actually cause HARM in patients 



Case #1

45 yo diabetic & with abdominal pain
> nausea, no vomiting, no diarrhea, no fevers

PMHXx: Diabetes
Meds: Novolog, Lantus

PEX:
T 37.5, P 118, RR 24, BP 139/81, 100% RA
pale, +tender LUQ and LLQ



Case #1

45 yo diabetic & with abdominal pain
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Case #1

45 yo diabetic & with abdominal pain
> hyperglycemia, ketosis, acidosis

Dx: DKA
Rx: IVF
VF

VF
nsulin {bolus?)

Kitabchi, ADA Consensus Statement, Diabetes Care, 2009 ’
Goyal, JEM, 2010 - 6 =
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Liberal use of IVF is critical to addressing the profound dehydration resulting from the osmotic diuresis present in DKA. Not only do we want to replace extravascular and intravascular fluid losses, we want to dilute both the glucose and circulating counterregulatory hormones.  But ultimately we need the addition of insulin to switch from a catabolic state to an anabolic state and halt ketone body production.  In the adult literature, there is still debate over the utility of bolusing insulin, but I’m not going to address that here.  So Fluids, fluids, fluids and insulin … this the PEARL that we’ve learned from managing adults.  



Case #1

10 yo diabetic & with abdominal pain _
> nausea, no vomiting, no diarrhea, no fevers

PMHXx: Diabetes
Meds: Novolog, Lantus

PEX:
T 37.5, P 128, RR 35, BP 109/71, 100% RA
pale, +tender LUQ and LLQ



Case #1

10 yo diabetic & with abdominal pain
> hyperglycemia, ketosis, acidosis

Dx: DKA

Rx: IV
3 gerebral edema

AW/

| = AT

Insulin seius?y

Edge, Diabetologia, 2006
Wolfsdorf, Pediatr Diabetes ,2009
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We still have a diagnosis of DKA but if we take the pearls we’ve learned from managing adults, we create a pitfall for the pediatric patient.  Overly aggressive administration of fluids may precipitate a rapid fall in plasma osmolarity and predispose pts to developing cerebral edema which is the leading cause of death in children with DKA.  Although there is still some controversy regarding this relationship, pediatric treatment protocols, including a consensus statement from the American Diabetes Association, STILL advise conservative fluid replacement.  So until we have more answers, the recommendation is judicious use of IVF in children with DKA. 

Additionally, as opposed to the controversy that still exists in the adult literature, in the pediatric literature, has shown that an insulin bolus is not only unnecessary, but potentially harmful and should NOT be used. 
 


Diabetic Ketoacidosis (DKA)

e Complex metabolic triad:
1. Hyperglycemia
e Glucose > 200 mg/dL (11 mmol/L)
2. Ketonemia and/or ketonuria

3. Acidosis
e Venous pH <7.3
e Bicarbonate <15 mmol/L
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Presentation Notes
DKA is always attributable to a relative deﬁciency of insulin. In the absence of insulin, the body breaks down protein and fat for energy. Triglycerides break down to free fatty acids and glycerol. Fatty acid oxidation results in the buildup of ketoacids in the blood and can lead to severe metabolic acidosis. Hyperglycemia from lack of insulin leads to osmotic diuresis, and the resultant dehydration furthers the acidotic state attributable to lactic acid buildup from poor tissue perfusion. Youth with diabetes will continue to urinate when dehydrated because of glycosuria; thus, urine output is not an accurate indicator of their degree of dehydration.

Hyperglycemia and ketosis in diabetic ketoacidosis (DKA) are the result of insulin deficiency and an increase in the counterregulatory hormones glucagon, catecholamines, cortisol, and growth hormone. Three processes are mainly responsible for hyperglycemia: increased gluconeogenesis, accelerated glycogenolysis, and impaired glucose utilization by peripheral tissues. This might also be augmented by transient insulin resistance due to hormone imbalance, as well as elevated free fatty acids.[1]


Categories

Adults Children

e Mild: e Mild:

e pH 7.25-7.3 e pH 7.2-7.3

e Bicarbonate 15-18 mmol/L e Bicarbonate 10-15 mmol/L
e Moderate e Moderate

e pH 7.0-7.25 e pH 7.1-7.2

e Bicarbonate 10-15 mmol/L e Bicarbonate 5-10 mmol/L
e Severe e Severe

e pH<7.0 e pH<7.1

e Bicarbonate < 10 mmol/L e Bicarbonate < 5 mmol/L

Kitabchi, Diabetes Care, 2009 Wolfsdorf, Pediatric Diabetes, 2014
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The American Diabetes Association categorizes DKA in adults into one of three stages of severity:[1] 
Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN (July 2009). "Hyperglycemic crises in adult patients with diabetes". Diabetes Care 32 (7): 1335–43. 

Mild: blood pH mildly decreased to between 7.25 and 7.30 (normal 7.35–7.45); serum bicarbonate decreased to 15–18 mmol/l (normal above 20); the patient is alert
Moderate: pH 7.00–7.25, bicarbonate 10–15, mild drowsiness may be present
Severe: pH below 7.00, bicarbonate below 10, stupor or coma may occur

A 2004 statement by the European Society for Paediatric Endocrinology and the Lawson Wilkins Pediatric Endocrine Society (for children) uses slightly different cutoffs, where mild DKA is defined by pH 7.20–7.30 (bicarbonate 10–15 mmol/l), moderate DKA by pH 7.1–7.2 (bicarbonate 5–10) and severe DKA by pH<7.1 (bicarbonate below 5).
Dunger DB, Sperling MA, Acerini CL, et al. (February 2004). "European Society for Paediatric Endocrinology/Lawson Wilkins Pediatric Endocrine Society consensus statement on diabetic ketoacidosis in children and adolescents". Pediatrics 113 (2): e133–40. doi:10.1542/peds.113.2.e133. PMID 14754983.



Hyperosmolar Hyperglycemia State

e Plasma glucose > 600 mg/dL
e Little to no ketoacid accumulation

e Serum osmolality > 320 mOsm/kg
e 2[measured Na (mEqg/L)] + glucose (mg/dL)/18 + BUN/2.8

e Rare in children



Little adults?

e Delay in diagnosis
e Harder to elicit history
e polydipsia, polyuria, weight loss
e "Respiratory problem”
e Precision in fluid regulation
e Higher basal metabolic rate
e Larger surface area

e Immature auto-regulatory systems

Wolfsdorf, Diabetes Care, 2006
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Presentation Notes
Because the diagnosis of diabetes is not suspected as it evolves, the duration of symptoms may be longer, leading to more severe dehydration and acidosis and ultimately to obtundation and coma

2) Infants and toddlers in DKA may be misdiagnosed as having pneumonia, reactive airways disease (asthma), or bronchiolitis and therefore treated with glucocorticoids and/or sympathomimetic agents that only compound and exacerbate the metabolic derangements

3) The higher basal metabolic rate and large surface area relative to total body mass in children requires greater precision in delivering fluids and electrolytes.
The degree of dehydration is expressed as a function of body weight, i.e., 10% dehydration implies 10% loss of total body weight as water. However, the calculation of basal requirements, although a constant per unit of surface area,  must be carefully adjusted when calculating per unit mass because the mount of fluid per kilogram declines as the infant or child grows.

Cerebral and other autoregulatory mechanisms may not be as well developed in younger children. Hence, greater severity at presentation in younger children
together with less maturity of autoregulatory systems combine to predispose children to cerebral edema,


[nitial evaluation

e ABC'’s and vital signs (including FS and weight in kg)
e Mental status
e Precipitating cause(s)

e |nfection

e Non-compliance

e New-onset

e Stressors: pregnancy, Ml, stroke
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Assessing dehydration
Difficult because: hyperosmolarity preserves intravascular volume, UOP preserved, Kussmal respirations lead to dry mouth, cortisol increase BP
Assume 7-10% dehydration (replace over 48 hours)



Laboratory evaluation

® Cap”lary g|ucose The Ketone Bodies

||:| ||:| OH lﬁl

e Serum glucose io-toon o Hge-tHoH, Loo-
e Serum electrolytes acetoacetate \GJi-hydroxybutyrate
e Complete blood count

e Serum osmolality

e Serum ketone/ beta-hydroxybutyrate

e Urinalysis

e Electrocardiogram

e “Digi-tube” EtC02

Bou Chebl R, BMC Emerg Med, 2016
Gilhotra Y, J Paediatr Child Health, 2007
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BMC Emerg Med. 2016 Jan 29;16:7. doi: 10.1186/s12873-016-0072-7.
Diagnostic value of end tidal capnography in patients with hyperglycemia in the emergency department.
Bou Chebl R1,2, Madden B3, Belsky J4, Harmouche E3, Yessayan L5,6.
Test sensitivity for DKA at ETCO2 level ≥35 mmHg was 100 % (95 % CI, 83.9-100). An ETCO2 level ≤ 21 mmHg was 100 % specific (95 % CI, 92.9-100.0) for DKA.
CONCLUSION: 
Nasal capnography exhibits favourable diagnostic performance in detecting patients with or without DKA among those who present to the emergency department with a glucometer reading > 550 mg/dL.

J Paediatr Child Health. 2007 Oct;43(10):677-80.
Predicting diabetic ketoacidosis in children by measuring end-tidal CO2 via non-invasive nasal capnography.
Gilhotra Y1, Porter P.
Author information
Abstract
AIM: 
To determine if nasal capnography can be used as a screening tool to predict diabetic ketoacidosis (DKA) in children with Type 1 diabetes mellitus (T1DM) presenting to the emergency department.
METHODS: 
Cross-sectional, prospective, observational study of children with T1DM who presented to the Emergency Department of Princess Margaret Hospital for Children, Western Australia, over a 12-month period from June 2003 to June 2004. Information on demographic data and T1DM was recorded. Nasal capnography, venous blood gases and urinary analysis were performed on patients. Data were analysed using chi(2) tests and receiver operating characteristic curve analysis. Sensitivities and specificities were calculated at different end-tidal carbon dioxide (ETCO(2)) levels to predict presence of DKA.
RESULTS: 
Fifty-eight patients aged 1-18 years (mean 10.7, SD 4.7) were analysed. Thirty-three (57%) were male and 30 (52%) presented with new onset of T1DM. Of the 58 cases, 15 (26%) had DKA, and 11 of these were new T1DM patients. No patients with an ETCO(2) > 30 mmHg had DKA (sensitivity 1.0, specificity 0.86). Six patients with an ETCO(2) < 30 mmHg did not have DKA.
CONCLUSIONS: 
Nasal capnography in conjunction with clinical assessment is predictive of DKA. Further research into this area with larger numbers could help validate ETCO(2) as a screening tool for DKA in the emergency department.



Similarities: DKA

Adults

e Fluid resuscitation
e Correct electrolytes
e Insulin therapy

e Find the source

e No bicarbonate!

Pediatrics

e Fluid resuscitation
e Correct electrolytes
e Insulin therapy

e Find the source

e No bicarbonate!
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Goals of treatment:
Intravascular volume expansion
Correction  electrolyte abnormalities
Insulin to correct catabolism and acidosis
Treat precipitating causes



Differences: DKA

Adults
e Liberal use of IVF

e |[nsulin bolus vs infusion
e 0.1 vs 0.14 units/kg/hr

Differences

e (More) conservative IVF
e 20 ml/kg over 1 hr

e No Insulin bolus
e 0.05-0.1 units/kg/hr

e Two bag system
e Cerebral edema



Cerebral edema

e | eading cause of morbidity and mortality in DKA
e 0.3 - 1.5% all cases
e 20% mortality
e 20% neurologic impairment

e Unclear mechanism
e | ow threshold for treatment
e Almost exclusively in peds
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Occurs hours after initiating therapy



Cerebral edema




Measurement of corneal thickness, optic nerve sheath diameter
and retinal nerve fiber layer as potential new non-invasive methods
in assessing a risk of cerebral edema in type 1 diabetes in children

Krzysztof Jeziorny' - Anna Niwald? - Agnieszka Moll? - Katarzyna Piasecka? - Aleksandra Pyziak-Skupien' -

Arleta Waszczykowska® - Dobromita Baranska® - Beata Malachowska® - Agnieszka Szadkowska' -
Wojciech Mlynarski' - Agnieszka Zmyslowska'

e LYY

JeZIOrny K, ACta DiabetOI, 201 8 Fig. 1 An ultrasonographic image of optic nerve sheath diameter
(ONSD) measurement (marked by a dotted arrow)
Kendir OT, J Pediatr Endocrinol Metab, 2019



Presenter
Presentation Notes
Abstract Aims Some patients with diabetic ketoacidosis develop cerebral edema (CE) in the course of type 1 diabetes mellitus (T1D), which may result in central nervous system disorders and high mortality. The imperfection of existing neuroimaging techniques for early recognition of CE forces us to search for the new and non-invasive methods. The aim of the study was to assess the usefulness of new methods (pachymetry, transorbital ultrasonography—USG, optical coherence tomography— OCT study) in the assessment of the risk of CE occurrence in children with newly diagnosed T1D. Methods The study group included 50 children with newly diagnosed T1D, 54 patients with long-term T1D as a reference group and 40 children without glucose tolerance disorders as controls. In all subjects, a corneal thickness (CCT) index with pachymeter, optic nerve sheath diameter (ONSD) using transorbital USG and retinal nerve fiber layer (RNFL) during OCT study were measured and compared with selected clinical parameters of T1D. Results In patients from a study group at onset of T1D, the higher CCT (p < 0.001) and ONSD (p < 0.001) values were observed as compared to the results obtained after 48 h of metabolic compensation. The ONSD correlated negatively with pH value (r = − 0.64; p < 0.001), BE (r = − 0.54, p < 0.001) and  HCO3− (r = − 0.50; p < 0.001). A positive correlation between RNFL and  Na+ levels (r = 0.47; p < 0.005) was also observed. Conclusions Transorbital USG and pachymetry may serve as the potential promising methods for the non-invasive assessment of the increased risk of development of CE in patients with T1D.


Cerebral edema risk factors

e Young children

e New onset and newly diaghosed

e Increased BUN

e Severity of acidosis

e Bicarbonate therapy use

e Failure of sodium to rise after therapy

Glaser, NEJM, 2001
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Presentation Notes
Additioanl risks: abnormal baseline mental status, rapid rehydration….


Cerebral edema

“There is no convincing evidence of an association
between the rate of fluid or sodium administration
used In the treatment of DKA and the
development of cerebral edema”

Wolfsdorf J, Pediatric Diabetes, 2009



Pediatric DKA Management

Mild Moderate/ Severe

e Talk to endocrinologist e Fluids
e Subcutaneous insulin e Electrolytes
e Oral hydration e Insulin

e Source






Treatment: fluids

e Dehydration on order of 5-10% (“moderate”)
e Correct intravascular volume deficits

e L owers glucose and plasma osmolality

e Restore renal perfusion

e Better response to insulin therapy
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Rarely required to restore hemodynamics

Assessing dehydration
Difficult because: hyperosmolarity preserves intravascular volume, UOP preserved, Kussmal respirations lead to dry mouth, cortisol increase BP
Assume 7-10% dehydration (replace over 48 hours)



Treatment: fluids

e |nitial fluid choice:
e 20 ml/kg over 1-2 hour
e Max: 40-50 mL/kg over 4 hours

Peds DKA rarely presents in hypovolemic
shock.... find another source!



Treatment: fluids

e Replace deficit over next 48 hours
e Approximately 2x maintenance

4 m
o2 M
el m

[
/
/

e Example:
e 35 kg patient = 75 ml/hr
e Approx 150 ml/hr

Kg/
Kg/

Kg/

nr for first 10 kg
nr for next 10 kg

Nr for remaining kg






Clinical Trial of Fluid Infusion Rates for Pediatric Diabetic Ketoacidosis

Nathan Kuppermann, M.D., M.P.H., Simona Ghetti, Ph.D., Jeff E. Schunk, M.D., Michael ]. Stoner, M.D., Arleta Rewers, M.D., Ph.D., Julie K. McManemy, M.D., M.P.H., Sage R.
Myers, M.D., M.5.C.E., Lise E. Nigrovic, M.D., M.P.H., Aris Garro, M.D., M.P.H., Kathleen M. Brown, M.D., Kimberly S. Quayle, M.D., Jennifer L. Trainor, M.D., et al., for the
PECARN DKA FLUID Study Group™

e Randomized controlled trial
e 0.9% vs 0.45% NaCl, rapid vs slow

e GCS <14:48/1389 (3.5%)
e Clinically apparent brain injury: 12/1389 (0.9%)

Conclusion:

e Neither the rate of administration nor the sodium
chloride content of intravenous fluids significantly
influenced neurologic outcomes in children with
diabetic ketoacidosis.

NEJM, 2018
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13 center
The primary outcome was a decline in mental status (two consecutive Glasgow Coma Scale scores of <14, on a scale ranging from 3 to 15, with lower scores indicating worse mental status) during treatment for diabetic ketoacidosis. Secondary outcomes included clinically apparent brain injury during treatment for diabetic ketoacidosis, short-term memory during treatment for diabetic ketoacidosis, and memory and IQ 2 to 6 months after recovery from diabetic ketoacidosis.

Results
A total of 1389 episodes of diabetic ketoacidosis were reported in 1255 children. The Glasgow Coma Scale score declined to less than 14 in 48 episodes (3.5%), and clinically apparent brain injury occurred in 12 episodes (0.9%). No significant differences among the treatment groups were observed with respect to the percentage of episodes in which the Glasgow Coma Scale score declined to below 14, the magnitude of decline in the Glasgow Coma Scale score, or the duration of time in which the Glasgow Coma Scale score was less than 14; with respect to the results of the tests of short-term memory; or with respect to the incidence of clinically apparent brain injury during treatment for diabetic ketoacidosis. Memory and IQ scores obtained after the children’s recovery from diabetic ketoacidosis also did not differ significantly among the groups. Serious adverse events other than altered mental status were rare and occurred with similar frequency in all treatment groups.
Conclusions
Neither the rate of administration nor the sodium chloride content of intravenous fluids significantly influenced neurologic outcomes in children with diabetic ketoacidosis. 



Now what???

ISPAD CLINICAL PRACTICE CONSENSUS GUIDELINES

ISPAD Clinical Practice Consensus Guidelines 2018: Diabetic
ketoacidosis and the hyperglycemic hyperosmolar state

Joseph |. Wolfsdorf* | Nicole Glaser? | Michael Agus'? | Maria Fritsch® © |
Ragnar Hanas® | Arleta Rewers® | Mark A. Sperling” | Ethel Codner®

REVIEWS AND COMMENTARIES

Fluid treatment for children with diabetic ketoacidosis: How
do the results of the pediatric emergency care applied research
network Fluid Therapies Under Investigation in Diabetic
Ketoacidosis (FLUID) Trial change our perspective?

Nicole Glaser! © | Nathan Kuppermann'? PeddigioDizibbeies 20098



. j T3
Type of tluid?

e Retrospective study
e NSvs LR
e OQutcomes: cost, LOS, rates of CE

Conclusion:

e Resuscitation with LR compared with NS was
associated with lower total cost and rates of CE.

Bergmann KR, Pediatr Emerg Care, 2018
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Pediatr Emerg Care. 2018 Jul 16. doi: 10.1097/PEC.0000000000001550. [Epub ahead of print]
Resuscitation With Ringer's Lactate Compared With Normal Saline for Pediatric Diabetic Ketoacidosis.
Bergmann KR, Abuzzahab MJ1, Nowak J2, Arms J, Cutler G, Christensen E3, Finch M3, Kharbanda A.
Author information
Abstract
OBJECTIVE: 
The aims of this study were to describe the use of Ringer's lactate (LR) or normal saline (NS) for resuscitation among children with diabetic ketoacidosis (DKA) and compare the effect of fluid type on cost, length of stay, and rate of cerebral edema (CE).
METHODS: 
This is a retrospective study of 49,737 children aged 0 to 17 years with DKA between January 1, 2005, and September 30, 2015, using data from the Pediatric Health Information System. Treatment with LR or NS was identified. Our primary outcomes were total adjusted cost and length of stay. Our secondary outcome was CE rate per 1000 episodes.
RESULTS: 
The majority of patients were treated with NS (n = 43,841 [88%]) compared with LR (n = 1762 [4%]) or both NS and LR (n = 4134 [8%]). Hospital-year-specific practice patterns were used to investigate the effect of fluid type across resuscitation fluid groups. Total adjusted cost was $1160 less (95% confidence interval, -1468 to -852), or -14.2%, for cases with any episode of LR compared with NS only. Length of stay was not different across groups. The rate of cerebral edema per 1000 episodes was 12.7 for cases with any episode of LR compared with 34.6 NS only (difference, -21.9; 95% confidence interval, -30.4 to -13.3).
CONCLUSIONS: 
Ringer's lactate was infrequently used for resuscitation of pediatric DKA patients. However, resuscitation with LR compared with NS was associated with lower total cost and rates of CE. Further investigation using patient-level clinical and laboratory data is needed to evaluate factors that drive cost and risk of CE development with each fluid.



Electrolytes




Treatment: electrolytes

e Potassium
e Apparent serum hyperkalemia
e Total body potassium depletion
e Treatment DKA will cause drop
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Presentation Notes
Resolution of acidosis and initiation of insulin will cause further decline in K


Treatment: electrolytes

e Potassium
e Low: replete before starting insulin
e Normal: add with fluids and insulin
e High: confirm urine output, then add

Start insulin therapy after obtaining
potassium levels


Presenter
Presentation Notes
Resolution of acidosis and initiation of insulin will cause further decline in K


Treatment: electrolytes

e Phosphate
e Total body phosphate depletion
e No data showing significant benefit of repletion
e Concern for hypocalcemia
e Consider when increasing Cl- or symptomatic
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Can occur with profound fasting >24 hrs
Po4 depletion rare in dka, self-limited, routine replacement not recommended
Symptomatic profound muscle weakness or decreased cardiac function


Bicarbonate




Treatment: bicarbonate

e NOT recommended
e Paradoxical intracellular acidosis
e \WWorsening tissue perfusion
e \Worsening hypokalemia
e \Worsening hyperosmolality
e Cerebral edema

e Exceptions:
e Severe acidosis: pH <6.9 and
e Cardiac arrhythmia
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Initial transient (x sev hrs) dip in bicarb 2-3 pts when perfusion improves

ONLY indications for bicarb: severe acidosis AND vasodilation and decreased cardiac contractility OR life threatening hyperkalemia


Insulin




Treatment: insulin

e Continuous infusion (0.05-0.1 units/kg/hr)
e Prime |V tubing

e Start 1-2 hours after initial fluid bolus

e No bolus In peds

e Continue until resolution of acidosis

e Maintain glucose> 250-300 mg/dL
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talk to consultant first if very young or BS 300-400, BS drops with just fluids



Treatment

T BAGB Insulin
D,oNS + KCL + 0.05-0.1
NS + KCl +KPhos | KPhos units/kg/hr

Total rate (mL/hr)




Cerebral edema management

e Hourly neuro checks
e Immediate treatment
e Reduce fluid administration
e Mannitol

e 0.5-1 g/kg within 5-10 min
e Hypertonic saline
e 5-10 ml/kg

e Avoid mechanical hyperventilation

Treat before imaging
Hypertonic solution at bedside
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CO2,22 portends worse prognosis

2001 Pediatric Diabetes, Curtis JR, Bohn D, Daneman D. Use of Hypertonic Saline in the treatment of cerebral edema in diabetic ketoacidosis (DKA). First repot use hypertonic saline

DeCourcey DD, Steil GM,  Wypij D, Agus MSD, 2013 Pediatric Crit Care Medicine, Increasing use of hypertonic over mannitol in the treatment of symptomatic cerebral edema in pedaitric DKA: an 11 year retrospective analysis of mortality. 43,107 children  incresed risk of mortality. 



Insulin pumps
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In addition, patients on insulin pumps are at greater risk for rapid progression to DKA.Pump failure may occur because of a kink or leak within the subcutaneous catheter, and if unnoticed this can quickly lead to ketone formation, as the basal insulin in this setting is from rapid acting insulin, which typically is eliminated from the circulation within 3 hours.19 The increased risk of DKA in pump users highlights the need for them to closely monitor their BG trends and check for ketones if BG values are high. 

Newer therapies currently under development will likely change the face of diabetes management. Several closed-loop insulin pumps are undergoing clinical trials, although these are not yet available for commercial use. They use a CGM sensor that “communicates” with an insulin pump and a computerized algorithm that automatically adjusts and pauses insulin infusion rates based on a patient’s BG trends.


[nsulin pumps
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Insulin pumps are a relatively new piece of diabetes design, invented in the 1970s, although the first insulin pump prototype was developed in 1963.
1963: The first prototype of a 'pump' that delivered glucagon as well as insulin was similar to a backpack and was developed by Dr Arnold Kadish.�1973: Dean Kamen invented the first wearable infusion pump.�1976: AutoSyringe Inc begin to manufacture and market the pumps Dean Kamen invented.�1976: Development of continuous subcutaneous insulin infusion begins (insulin pump therapy).�1980s: BioStar glucose controlled insulin infusion system used- functioned as an artificial pancreas.�1990s: First Medtronic MiniMmed pump released.�2012: Trials of artificial pancreas' begin in the USA.
2013 insulin pump uses touchscreen interface

The picture on the left shows some of the currently available insulin delivery devices.  They generally hold anywhere from 200-300 units of insulin and bolus in increments between 0.05 units to up to 30 units.  Some are FDA approved for all ages and other have some age restrictions.  However I will mention that many times those with age restrictions can be rx’d off label.  My daughter has the omnipod and when she got it, it wasn’t yet approved for the pediatric population but at the time it was the only pump that didn’t have tubing and used a handheld remote receiver to control it.  She was in cheerleading then so I really liked the idea of not having to deal with the tubing.  We were able to get it rx’d off label and she’s been using it ever since. Some of the pumps have a food database and some have a built in glucose meter or communicate wirelessly with continuous glucose sensors allowing for built in temporary insulin suspension if the CGM determines that glucose is rapidly falling.

The picture on the top right shows various continuous glucose monitors.  In addition to management with traditional glucometers, technology now offers individuals the ability to wear a sensor that, like an insulin pump infusion set, sits just under the skin.  The sensor detects interstitial glucose levels every few minutes and then transmits that information to a receiver.  Management decisions can then be based on the information gained from the sensor and these monitors give users a heads up that their blood sugars are trending one way or another allowing them the ability to intervene before the blood sugar levels get too high or too low.  This technology is particularly worth it’s weight in gold for parents of small children who may not be able to verbalize or even be aware of symptoms related to hyper- or hypoglycemia.  Parents can monitor their children’s blood sugar levels remotely as the readings can be transmitted to many smart phones.  Not only does this increase safety but it also provides parents with much needed peace of mind. These monitors, combined with insulin pump therapy have given many people in the diabetes community the opportunity to gain greater control over their blood sugar levels and have helped contribute significantly to improved outcomes. 

In dramatic contrast to the picture on the left, the picture on the bottom right shows the first insulin pump that was developed by Dr. Kadish in the 1960’s.  As you can see, the technology has certainly come a long way!


[nsulin pumps

e Self-contained subcutaneous delivery system
e Only contains short-acting insulin
e Shorter window before risk DKA
e Check the tubing for kinks/ breaks
e Change site (every 3 days)
e Callous formation
e Local infection

e User error/ manipulation
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Gi ino dka faster vs multidose regimen
Day 5-6 insulin build up, callous form, no delivery

The pump: theoretically easier to go into DKA (patient selection, technical issues, short acting insulin) but fewer episodes in actuality

> 10 mm induration, give keflex




Trouble shooting

e Insulin infusion
e Severe insulin resistance due to infection
e Incorrect preparation of insulin infusion
e Insulin adherent to tubing - Prime the tube!



Management pearls

Example management:
e FS >300
e Check ketones
e Give pump bolus and recheck in 1 hour

e |[f decreased by 50, give subcutaneous
correction dose

e Change site, recheck in 1 hour



Hopetully in the not too distant future...

Mot FOA Approved - investigastionad Devics Ondy
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So with no cure currently in sight, we rely on the technology discussed to help improve management and outcomes.  However, on the horizon lies the potential for some very exciting new diabetes management technology…the bionic pancreas…


Artificial Pancreas
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Presenter
Presentation Notes
The bionic pancreas, such as the one currently known as the “iLet” is a device that will offer fully automated diabetes control to patients - a closed loop system.  It is currently in clinical trials in an “insulin only”configuration composed of a pump that communicates with a sensor and follows computer-controlled algorithms for insulin delivery - meaning it can independently increase, decrease or suspend insulin delivery without any user input.  This configuration is currently in clinical trials with an anticipated FDA approval date of some time in the second half of 2020.  The iLet has an additional chamber that can hold glucagon.  Recent advancements in next generation glucagon analogs that are premixed and stable at room temperature for up to 2 years provide the foundation for further clinical development with clinical trials starting early 2020 and an anticipated FDA approval by late 2022.  This will allow not only for completely automated insulin management but the complete availability of glucagon - again without any user intervention - to prevent dangerous lows that can sometimes occur with tight glucose control.

This project is headed by Dr. Ed Damiano who’s son David was dx’d with Type 1 when he was 11 months old.  Dr. Damiano’s goal was to develop a system that would provide complete, safe and effective diabetes management to a patient and he wanted to accomplish this by the time his son was old enough to go away to college.  While he didn’t quite reach his goal (his son is now 20), he is very close to realizing his dream and completely changing the way diabetes is managed in a way that will surely improve outcomes.  


DKA Pearls and Pitfalls

e (More) Conservative |V fluids in peds

e Start insulin only after obtaining potassium levels
e No bicarbonate

e No insulin bolus Iin peds

e Treat before imaging for cerebral edema



Questions?

mlu@som.umaryland.edu
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