
Objectives: "to compare the efficacy and safety of subcutaneous insulin lispro with that of low-dose continuous intravenous regular insulin in the treatment of patients with uncomplicated diabetic ketoacidosis [DKA]." (p. 292)
Methods: This randomized controlled trial was conducted at the University of Tennessee Regional Medical Center in Memphis, TN and the Atlanta Medical Center in Atlanta, GA. Eligibility required a diagnosis of DKA, defined as a plasma glucose level > 250 mg/dL, serum bicarbonate level < 15 mmol/L, venous pH < 7.30, and either a positive serum ketone level or ß-hydroxybutirate level. Exclusion criteria were persistent hypotension (SBP < 80 mmHg after a one liter normal saline bolus), comatose state, acute myocardial ischemia, heart failure end-stage renal disease, anasarca, dementia, and pregnancy.
Patients were randomly assigned to receive either subcutaneous (SC) insulin lispro or IV regular insulin as a continuous infusion. Patients receiving IV insulin were admitted to the ICU while those receiving SC insulin were managed on the medical floor or in a step-down unit. Patients in the SC group were given a 0.3 units/kg initial dose followed by 0.1 units/kg every hour until the blood glucose was less than 250 mg/dL, at which point the dose was decreased to 0.05 units/kg every hour until resolution of DKA (serum bicarbonate level ≥ 18 mmol/L and venous pH > 7.30). Patients in the IV group received an initial bolus of 0.1 units/kg of regular insulin followed by a continuous infusion of 0.1 units/kg/hour until the blood glucose was < 250 mg/dL, at which point the dose was reduced to 0.05 units/kg/hour until resolution of DKA.

A total of 40 patients were enrolled, with 20 patients assigned to each group. Ten patients in the SC group were managed on the medical floor and the other ten were managed in a step-down unit. The mean age in the SC and IV groups was 37 and 39 years, respectively, and 60% and 65% were male.
	Guide
	Comments

	I.
	Are the results valid?
	

	A.
	Did experimental and control groups begin the study with a similar prognosis?
	

	1.
	Were patients randomized?


	Yes. "Patients were assigned in the emergency department to receive subcutaneous insulin lispro or intravenous regular insulin following a computer-generated randomization table." (p. 292)

	2.
	Was allocation concealed?  In other words, was it possible to subvert the randomization process to ensure that a patient would be “randomized” to a particular group?

	Uncertain. While the authors report that a computer generated randomization table was used, they do not describe who had access to this table or provide any details as to how this table was used to allocate patients to their respective groups. It is quite possible, based on this limited information, that group allocation concealment was not maintained and clinicians could influence how patient groups were assigned.

	3.
	Were patients analyzed in the groups to which they were randomized?
	Yes. It would appear that all patients enrolled were treated according to group assignment with no crossover between groups. This does appear to be an intention to treat analysis.

	4.
	Were patients in the treatment and control groups similar with respect to known prognostic factors?
	Yes. Patients were similar with respect to age, gender, body mass index, duration of diabetes, and baseline labs (blood sugar, bicarbonate level, pH). The prevalence of additional medical comorbidities was not provided and the authors provide no information on precipitating factors for DKA.

	B.
	Did experimental and control groups retain a similar prognosis after the study started?

	

	1.
	Were patients aware of group allocation?


	Yes. Given the intervention, blinding would have been difficult. However, it is unlikely that performance bias or recall bias on the part of patients would have affected outcomes

	2.
	Were clinicians aware of group allocation?


	Yes. Given the intervention, blinding would have been difficult. It is possible that performance bias on the part of clinicians and nurses would have affected outcomes.

	3.
	Were outcome assessors aware of group allocation?


	Yes. The authors do mention any attempts to blind outcome assessors to group allocation (observer bias).

	4.
	Was follow-up complete?


	Yes. Patient outcomes did not extend beyond the period of hospitalization, so follow-up information was available for all patients.

	II.
	What are the results ?

	

	1.
	How large was the treatment effect?


	There was no significant difference in outcomes between the two groups, including mean time to resolution of hyperglycemia, mean time to resolution of DKA, mean amount of insulin required to resolve DKA, mean hospital length of stay, or the number of episodes of hypoglycemia (see Table). The mean hospitalization charge was lower for those in the SC group.
SC
IV

Time to BG < 250 mg/dL (h)

7 ± 3
7 ± 2
Time to resolution of DKA (h)

10 ± 3
11 ± 4
Amount of insulin until resolution of DKA (units)

84 ± 32
98 ± 26
Hospital LOS (d)

4 ± 2
4 ± 1
Episodes of hypoglycemia

1

1

Hospital charge
$8801 ± $5549 

$14,429 ± $5243 



	2.
	How precise was the estimate of the treatment effect?


	Uncertain. The authors did not provide measures of effect size or confidence intervals for any of the reported outcomes. This was a small study with relatively large standard deviations.

	III.
	How can I apply the results to patient care?

	

	1. 
	Were the study patients similar to my patient?


	No. While patients in this study all presented with DKA, a condition with which we are quite familiar, the authors did not provide additional information regarding medical comorbidities. The duration of therapy until resolution of DKA was 10-11 hours, which seems substantially longer than required in patients managed in our ED. This was a single center study and its results will need to be replicated in disparate settings to ensure safety and efficacy of SC insulin for DKA.

	2. 
	Were all clinically important outcomes considered?


	Mostly yes. The authors considered duration of therapy, amount of insulin required, incidence of hypoglycemia, and duration of hospital stay. They did not address the incidence of electrolyte abnormalities (e.g. hypokalemia).

	3. 
	Are the likely treatment benefits worth the potential harm and costs?


	Yes. It would appear from this small study that intermittent doses of subcutaneous insulin are as effective as a continuous insulin infusion in the management of DKA, and are associated with a significantly lower cost. The use of a protocol employing subcutaneous insulin may allow for less frequent blood glucose monitoring, which may obviate the need for ICU admission in such patients. Management of these patients on a medical floor would be of substantial benefit when ICU bed availability results in prolonged ED boarding times.


Limitations:
1. The authors failed to report several items recommended by the CONSORT group for reporting of randomized trials:

a. No primary outcome was identified.
b. There is no information on how the randomization sequence was implemented and what steps were taken to ensure allocation concealment.

c. There is no flow sheet documenting the number of eligible patients and how many were excluded.

d. The time period over which the study was conducted was not reported.

e. The authors did not provide measures of effect size or confidence intervals for any of the reported outcomes.
2. Neither clinicians nor outcome assessors appear to have been blinded to group allocation; there is therefore a high risk of performance bias and observer bias.
3. This was a very small study conducted at a single center. These results will need to be duplicated in disparate settings to ensure external validity.
Bottom Line:
This small, single-center, randomized controlled trial including patients presenting to the ED with DKA found no difference in duration of therapy required to correct hyperglycemia or acidosis when using intermittent, rapid-acting, subcutaneous insulin every hour compared with a continuous infusion of IV insulin.  This study was limited by poor reporting. Additional studies in disparate settings will be needed to ensure the safety and efficacy of subcutaneous insulin for DKA.
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