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Comparison of regular insulin infusion doses in critically ill diabetic cats: 29 cases (1999-2007)

OBJECTIVE: To compare biochemical parameters, neurologic changes, length of hospital stay, and clinical improvement in 3 groups of cats with diabetic ketosis/diabetic ketoacidosis (DK/DKA) prescribed varied doses of regular insulin as a continuous rate of infusion (CRI).

DESIGN: Retrospective study.

SETTING: University teaching hospital.

ANIMALS: Twenty-nine client-owned cats with DK/DKA prescribed a regular insulin CRI.

INTERVENTIONS: Cats were grouped as follows: 7 cats each in Group 1 and 2, (prescribed 1.1 and 2.2 U/kg/d, respectively), and 15 cats in Group 3 (prescribed increasing doses as needed).

MEASUREMENTS AND MAIN RESULTS: None of the groups received the total prescribed dose of insulin. The mean actual dose administered/kg/d ranged from 0.30 (0.21) to 0.87 (0.32) U/kg/d in Groups 1, 2, and 3. There was no difference in mean minimum blood glucose (BG) per 4 hours or change in BG from baseline per 4 hours between Groups 1 and 2 (P=0.63, 0.50). There was no difference between groups regarding the time required to reach a BG ≤ 13.9 mmol/L (250 mg/dL), serum phosphorus or potassium concentrations relative to baseline values (P=0.53, 0.90), length of time until urine or serum ketones were no longer detected (P=0.73), the animal commenced eating (P=0.24), or length of hospital stay (P=0.63). Four of the cats had declining mentation during hospitalization; there were no relationships between osmolality at presentation, either prescribed or administered insulin dose, and mentation changes. Three of the 4 cats with declining mentation survived. Twenty-seven of the 29 cats (93%) survived to discharge.

CONCLUSIONS: In this study, prescribing the published canine dose (2.2 U/kg/d) of regular insulin to cats with DK/DKA does not appear to increase the frequency of adverse neurologic or biochemical sequelae compared with cats that are prescribed the published cat dose (1.1 U/kg/d). The use of a sliding scale for determination of infusion rates significantly reduces the amount of insulin cats receive in this setting. Determination of whether adverse sequelae would occur more frequently if cats with DK/DKA received the full insulin prescribed doses of 1.1, 2.2, or >2.2 U/kg/d is warranted. Further controlled studies are necessary to determine if higher doses of insulin are associated with beneficial effects on morbidity or mortality.

· Goal is to decrease the BG by approximately 50 mg/dL/h) until a BG less than the feline renal threshold for glucose (≤13.9 mmol/L, ≤ 250 mg/dL) is reached
· To not want to decrease BG too fast: risk of hypokalemia, hypophosphatemia, hypomagnesaemia, cerebral edema (change in osmolality)
· Insulin needed to abate lipolysis, the hepatic production of ketone bodies and glucose, to promote tissue uptake and metabolism of glucose
· It appears a lower prescribed dose of regular insulin was chosen for cats because, in 1 author’s experience, cats with DKA had a higher blood osmolality on presentation than dogs with DKA, and therefore aim to decrease BG more gradually to avoid cerebral edema
· They wanted to evaluate 3 dose regimens: 1.1U/kg/day or 2.2U/kg/day or starting at 1.1U/kg/day with escalating dose  they realized that cats did not receive the prescribed doses (received lower doses)
· 7 cats in group 1, 7 cats in group 2, 15 cats in group 3
· They also did post hoc analysis where they took 10 cats with the highest dose of insulin received and 10 cats with the lowest dose received
· They found that:
· No difference in biochemical parameters, neurologic function, duration of care between groups
· Most cats did not receive the entire prescribed daily dose
· Maybe cats in group 1 were healthier than cats in group 2 (eating sooner, average normal pH, higher bicarbonate, higher HR, less hypothermic, less underweight than group 2) – same recovery times, no clinically apparent adverse effects in cats prescribed higher doses vs lower doses
· There was no difference between groups regarding the time required to reach a BG ≤ 13.9 mmol/L, serum phosphorus or potassium concentrations relative to   baseline   values, length of time until urine or serum ketones   were no longer detected, the animal commenced eating, or length of hospital stay
· Four of the cats had declining mentation during hospitalization; there were no relationships between osmolality at presentation, either prescribed or administered insulin dose, and mentation changes. 
· The   data   from   this study   does   not   support   the   notion   that   prescribing
·  2.2 U/kg/d of regular insulin in cats (versus the widely utilized 1.1 U/kg/d) is more likely to lead to a rapid decrease in BG and free water shifts with subsequent cerebral edema, or transcellular electrolyte shifts with subsequent hypokalemia and hypophosphatemia – though cats did not receive the prescribed doses…
· When they compared the cats with the highest doses received (0.8 U/kg/d) and the lowest doses received (0.31 U/kg/d) they found that the frequency with which declining mentation or mortality was observed was not different between the groups – underpowered 

[bookmark: _GoBack]***Bottom line: We don’t know which dose of insulin is the best to treat cats in DKA. They usually receive less than what is prescribed. When they compared higher doses with lower doses they did not see more decline in mentation in the cats that received higher doses though underpower to see difference.

Cerebral edema and DKA
· Clinically significant cerebral edema occurs in approximately 1 % of episodes of DKA in children and has a mortality rate of 20 to 90%; not common in adult
· Risk factors in children:
· Younger age
· Severity of acidosis
· Failure of the Na+ to rise following insulin therapy and fluid therapy
· Increased BUN
· Use of bicarbonate
· After adjusting for severity of acidosis: lower PaCO2
· Causes – not fully understood
· Most likely to occur between 4-12h after starting Tx; may occur any time w/in first 24h of tx – rarely before initiation of tx and rarely after first 24h
· Proposed mechanisms:
· Ischemia/cytotoxic edema 
· Vasogenic edema – primary damage to cerebral vascular endothelium  increase in BBB permeability (ketone bodies may damage BBB), disturbances in autoregulation (with increase in CBF)  abnormal diffusion of IV fluids into cerebral tissues
· Osmotic edema – edema developing due to osmotic changes and fluid shifts that occur during Tx - !!! Substantial osmotic shifts occur in all patients during treatment for DKA, yet cerebral edema develops in a small minority of patients!!!
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