Diagnosis and Management of
Hyperglycemic Crises



OVERVIEW



Diabetic Ketoacidosis (DKA) Hyperglycemic Hyperosmolar State (HHS)

Plasma glucose >250 mg/dL Plasma glucose >600 mg/dL
Arterial pH <7.3 Arterial pH >7.3

Bicarbonate <15 mEqg/L Bicarbonate >15 mEqg/L
Moderate ketonuria or ketonemia Minimal ketonuria and ketonemia

Anion gap >12 mEqg/L Serum osmolality >320 mosm/L



Diabetic Ketoacidosis (DKA)

Hyperglycemic Hyperosmolar State (HHS)

Absolute (or near-absolute) insulin
deficiency, resulting in

* Severe hyperglycemia

* Ketone body production

e Systemic acidosis

Develops over hours to 1-2 days

Most common in type 1 diabetes, but
increasingly seen in type 2 diabetes

Severe relative insulin deficiency, resulting
in

* Profound hyperglycemia and

hyperosmolality (from urinary free
water losses)

* No significant ketone production or
acidosis

Develops over days to weeks

Typically presents in type 2 or previously
unrecognized diabetes

Higher mortality rate



Definition of Diabetic Ketoacidosis*

Ketosis

Hyperglycemia



134,633 (2006

* 34% of episodes are Type 2
=~46,000 cases

=>Longer Hospital Stays
=>4.2 vs average of 3.5

* Very few have CV issues or serious
infections => Less than 15%




Hospital Discharges for Diabetic
Ketoacidosis (DKA) in the US
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Hyperosmolality and Mortality In
Hyperglycemic Crises
Odds Ratios for Mortality

Case Definition of Hyperglycemic Crises



Causes of Morbidity and Mortality in DKA



PATHOGENESIS AND
PATHOPHYSIOLOGY



Unchecked gluconeogenesis — Hyperglycemia

Osmotic diuresis — Dehydration
Unchecked ketogenesis > Ketosis
Dissociation of ketone bodies into Anion-gap metabolic

hydrogen ion and anions acidosis

Often a precipitating event is identified
(infection, lack of insulin administration)




Insulin Counterregulato
Deficiency Hormones
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Unchecked gluconeogenesis — Hyperglycemia

Osmotic diuresis > Dehydration

* Presents commonly with renal failure

* Insufficient insulin for prevention of hyperglycemia but
sufficient insulin for suppression of lipolysis and ketogenesis

» Absence of significant acidosis

« Often identifiable precipitating event (infection, Ml)




Diabetic Ketoacidosis
(DKA)

Hyperglycemic Hyperosmolar State
(HHS)

Younger, type 1 diabetes
No hyperosmolality
Volume depletion

Electrolyte disturbances

Acidosis

Older, type 2 diabetes
Hyperosmolality
Volume depletion
Electrolyte disturbances

No acidosis



Predictors of Future Near-Normoglycemic
Remission in Adults With DKA



FOCUS ON ACIDOSIS



Anion Gap Metabolic Acidosis



Hyperchloremic Metabolic Acidosis
(Non-anion Gap)
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Significance of Ketone Measurements



Coexisting Conditions (Altered Redox

States) Drive Balance Toward
T NADH and T B-OH B

Lactic Acidosis Alcoholic Ketoacidosis



Normal health 2101

3-4 to 1

DKA with high redox state [7.7-7.8to 1




PATIENT PRESENTATION



Patients with any form of diabetes

who present with abdominal pain,

nausea, fatigue, and/or dyspnea
should be evaluated for DKA.




Lab Findings in DKA



Potassium Balance in DKA



Clinical Presentation of
Hyperglycemic Hyperosmolar State



Clinical Presentation of
Hyperglycemic Hyperosmolar State

Patient Profile Disease Characteristics



Water, mL/kg 100 (7 L) 100-200 (10.5 L)
Sodium, mmol/kg 7-10 (490-700) 5-13 (350-910)
Potassium, mmol/kg 3-5(210-300) 5-15 (350-1050)
Chloride, mmol/kg 3-5(210-350) 3-7 (210-490)
Phosphate, mmol/kg 1-1.5 (70-105) 1-2 (70-140)
Magnesium, mmol/kg 1-2 (70-140) 1-2 (70-140)
Calcium, mmol/kg 1-2 (70-140) 1-2 (70-140)

* Values (in parentheses) are in mmol unless stated otherwise and refer to the total
body deficit for a 70 kg patient.



Initial Laboratory Evaluation of
Hyperglycemic Emergencies



Plasma glucose, mg/dL 76-115 >250* >600
Arterial pH' 7.35-7.45 <7.30 >7.30
B-Hydroxybutyrate, mg/dL 4.2-5.2 2::0(?223{2?)

Serum bicarbonate, mmol/L* 22-28 <18 >15
Effective serum osmolality, mmol/kg 275-295 <320 >320
Anion gap,$ mmol/L <10 >10 Variable
Serum ketones" Negative Positive None or trace
Urine ketones? Negative Moderate to high None or trace

*May occur at lower glucose values, especially under physiologically stressful conditions.
" If venous pH is used, a correction of 0.03 must be made.

* Suggestive but not diagnostic of DKA.

§ Calculation: (Na*) — [CI" + HCO3™ (mEq/L)].

9 Nitroprusside reaction method.



Plasma glucose, mg/dL >250 >250 >250
Arterial pH 7.25-7.3 7.0-7.24 <7.0
Serum bicarbonate, mmol/L 15-18 10 to <15 <10
Serum ketones’ Positive Positive Positive
Urine ketones' Positive Positive Positive

) N
A EEITS SET @Smele 1 Variable Variable Variable
mOsm/kg
Alteration in sensoria or mental Alert Alert/drowsy Stupor/coma

obtundation

*Calculation: 2[measured Na* (mEqg/L)] + glucose (mg/dL)/18.
" Nitroprusside reaction method.

>600

>7.30
>15

Small

Small

>320

Stupor/coma



Formulas for Estimating
Serum Osmolality and Effective Osmolality

Osmolality Effective Osmolality







Characteristic

Presenting With

Abdominal Pain

Presenting Without

Abdominal Pain

Age, years

Male gender, n

History of alcohol use, %
History of cocaine use
Blood glucose, mg/dL
Bicarbonate, mmol/L

Ph

Sodium, mmol/L

Serum osmolality, mmol/L

(n=86)
37 £ 1%
47
51*
13%
596
9+1*
7.12 £ 0.02*
133+1
307 £ 2

(n=103)
41+2
64
24
2
586
15+1
7.24 £ 0.09
133+1
307 £ 2



o8 I 54
40

5to<10 10to  15-18 <300 300-320 >320
<15

Bicarbonate Serum Osmolality



TREATMENT
RECOMMENDATIONS



Management of DKA and HHS



Normal saline, 1-2 L over 1-2 h

Calculate corrected serum sodium

High or normal
serum sodium

Low serum sodium

2 NS at 250-500
mL/h

NS at
250-500 mL/h

Change to D5% NS or 1/2NS




1st hour 1000 — 2,000 mL
2nd hour 1000 mL
3rd-5th hours 500 — 1000 mL/hour

6th-12th hours 250 — 500 mL/hour

47



IV bolus: 0.1 U/kg body weight

IV drip: 0.1 U/kg/h body weight

IV drip: 0.05 — 0.1 U/kg/h
until resolution of ketoacidosis




Potassium Repletion in DKA



If admission K* = <3 mEq/L give 10-20 mEqg/h until
K* >3 mEq/L, then add 40 mEq/L to replacement fluid




Potassium Repletion in DKA



Phosphorus Repletion in DKA



Bicarbonate Administration



Phosphorus Administration
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Conventional Insulin Guidelines



Subcutaneous Rapid Acting Insulin or
Intravenous Regular Insulin for DKA
Treatment

Systematic Review
(N=5 RCTs)



Subcutaneous Insulin Protocols

Rapid Acting Insulin Rapid Acting Insulin Every
Every 1 Hour 2 Hours
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SC aspart SC aspart
Every 1 h Every 2 h IV regular insulin

Length of stay, days

Duration of therapy until
BG <250 mg/dL, h

Duration of therapy until
resolution of DKA, h

Insulin required to reach
BG <250 mg/dL, units

Insulin required for
resolution of DKA, units

Episodes of hypoglycemia

Hospitalization costs

3.4%+0.8
6.9+1.1

9.9+0.7

$10,733+=%$2017

3.9+13
6.1+1.0

10.7£0.8

657

94+8

1
$10,473+%$1738

4.5%+0.8
7.1x1.0

$16,828 +$2563



Open-labeled
randomization

Insulin analogs
(n=34)

IV glulisine therapy
until resolution of
DKA

Human insulin
(n=34)

IV regular insulin
therapy until
resolution of DKA

Transition to SC
glargine once daily
and glulisine before

meals

Transition to SC NPH
and regular insulin
twice daily
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NPH/ Glargine/ P value
Mean daily glucose regular glulisine

Day 1 188 + 61 213 = 76 0.234

Day 2 206 = 71 220 = 61 0.370

Day 3 207 = 86 180 = 80 0.417

Day 4 211 = 63 158 + 44 0.068

Day 5 190 + 45 124 + 41 0.068
P O

Hypoglycemia regular glulisine

Patients with BG <70 mg/dI, n (%) 14 (41) 5(15) 0.03

Episodes of BG <70 mg/dI, n 26 8 0.019

Patients with BG <40 mg/dl, n (%) 2 (6) 1(3) NS

Episodes of BG <40 mg/dl, n 2 1 NS






Rationale for a Dynamic Insulin Protocol
for DKA and HHS



Physician orders for DKA: target blood glucose 150-199 mg/dL until recovery

Maintenance

rate* (units/h) 1.0 2.0 3.0 4.0 6.0
Bomgdl  NR umtsh  umtsh  unteh  unish
<90 0.1 0.1 0.1 0.1 —
90-129 0.2 0.3 0.3 0.4 —
130-149 0.4 0.6 0.8 1.0 —
150-169 0.6 1.1 1.5 1.8 2.5
170-179 0.8 1.6 2.3 3.0 4.3
180-199 1.0 2.0 3.0 4.0 6.0
200-229 1.1 2.2 &t 4.4 6.5
230-259 1.3 2.5 3.8 5.0 7.5
260-289 1.4 2.8 4.2 5.6 8.4
290-319 1.5 3.1 4.6 6.2 9.3
320-359 1.7 3.4 5.1 6.8 10.2
360-399 1.8 3.7 5.5 7.4 11.1

2400 2.0 4.0 6.0 8.0 12.0



Physician orders for HHS: target blood glucose 200-299 mg/dL until recovery

Maintenance

rate* (units/h) 1.0 2.0 3.0 4.0 6.0
BG mg/dL In§ulin In§ulin In§ulin In§ulin In§ulin
units/hr units/hr units/hr units/hr units/hr
<100 0.1 0.1 0.1 0.1 —
100-149 0.2 0.2 0.3 0.3 —
150-199 0.3 0.5 0.6 0.7 —
200-219 0.5 0.8 1.1 1.3 1.7
220-239 0.6 1.1 1.5 1.9 2.6
240-259 0.8 1.5 2.1 2.7 3.9
260-299 1.0 2.0 3.0 4.0 6.0
300-329 1.1 2.1 3.2 4.2 6.3
330-359 1.1 2.3 34 4.6 6.9
360-399 1.3 2.5 3.8 5.0 7.5
400-449 1.4 2.8 4.2 5.6 8.3
450-599 1.6 3.3 4.9 6.6 9.9

2600 2.0 4.0 6.0 8.0 12.0



Continuation of physician orders for DKA and HHS

Initiation of insulin drip, monitoring of BG, and termination of insulin drip

Initiate IV insulin infusion using selected or default column assignment. Reassignment to a higher column before
4 hours of treatment requires an MD order. If BG fails to fall each hour during hrs 1-4, notify MD

Adjust column assignment for DKA or HHS based on column change rules, and adjust drip rate based on BG
level

Measure BG every 1 hour ( fingerstick or capillary blood sample using point-of-care glucose monitor)
If BG is within target range x 4hrs, then measure BG g 2 h. If column reassignment occurs, measure q 1 h
Record BG results, insulin drip rate changes, and column reassignments on the ICU flow sheet
Obtain order for SQ insulin to be administered q 1-2 h before discontinuing 1V insulin
Algorithm for order to treat patient if BG <70 mg/dL

If BG is <70 mg/dL, administer 25 ml of D50 by IV
Adjust column assignment to next lower column and use pretreatment BG to assign row
Recheck BG in 5 minutes. If BG is <70 mg/dL, repeat administration of 25 ml of D50 by IV

Column change rules after 4 hours of treatment of DKA

If BG 2200 mg/dL and not falling after 3 successive hourly tests (or for 2 h) on the same column, move to next
higher column

If BG <180 mg/dL after 3 successive hourly tests (or for 2 h) on the same column during infusion of fluids
containing D5W, or if any BG <150 mg/dL, move to next lower column

Column change rules after 4 hours of treatment of HHS

If BG 2300 mg/dL and not falling after 3 successive hourly tests (or for 2 h) on the same column, move to next
higher column

If BG <280 mg/dL after 3 successive hourly tests (or for 2 h) on the same column during infusion of fluids
containing D5W, or if any BG <200 mg/dL, move to next lower column






After Initial IV or SC therapy
(pH>7.3, HCO3 >18, AG < 14)

Give SC basal insulin 2—4 hours before stopping IV insulin

Start multi-dose insulin (basal bolus) regimen
* Insulin analogs are preferred over human insulin
« Basal: glargine or detemir
« Rapid-acting insulin analogs (lispro, aspart, glulisine)
* Analogs result in similar blood glucose control but less
hypoglycemia than human insulin (15% vs 41%)

Use early glargine insulin during treatment of DKA may prevent
rebound hyperglycemia during insulin infusion




When to Transition From
IV Insulin Infusion to SC Insulin

DKA HHS



Cerebral Edema



Fluid and Electrolyte Management in HHS



DKA Management Pitfalls



DKA Management Pitfalls



FINDING THE CAUSE AND
PREVENTING RECURRENCE



Possible Precipitating Causes or Factors
in DKA: Type 1 Diabetes



Possible Precipitating Causes or Factors
in DKA: Type 2 Diabetes



DKA and SGLT2 Inhibitor Therapy
AACE Recommendations

Findings Recommendations



Predischarge Checklist



Education in Type 1 Diabetes
to Prevent DKA



Summary



