
Objectives: To compare "balanced crystalloids vs saline for the acute management of adults with DKA [diabetic ketoacidosis]. The primary hypothesis was that balanced crystalloids would lead to more rapid resolution of DKA than saline." (p. 2)
Methods: This was a retrospective, subgroup analysis of patients prospectively enrolled in the SALT-ED and SMART trials between January 1, 2016 and March 31, 2017. SALT-ED and SMART were both cluster-randomized controlled trials that enrolled patients who were noncritically ill and critically ill, respectively, and compared outcomes between those who received IV saline and those who received balanced fluid solutions (lactated Ringer's solution or Plasma-Lyte A). For this subgroup analysis, only patients diagnosed with DKA in the ED (rather than delayed onset during hospitalization) were included based on laboratory values consistent with DKA (plasma glucoe > 250 mg/dL, plasma bicarbonate ≤ 18 mEq/L, and anion gap > 10 mEq/L). Patients were excluded if they were transferred from an outside hospital, admitted to the cardiac or neurologic ICU, or presented to the ED within 24 hours of a planned crossover in the trial).
Patients were allocated to each group (saline or balanced fluids) in a cluster-randomized design based on calendar month. Treating clinicians had the ability to deliver fluids off-protocol according to individual patient indications. The amount of fluid administered and all other aspects of care were determined by the treating clinician. The primary outcome was time to DKA resolution (time between ED presentations and resolution of ketoacidosis, defined as blood glucose < 200 mg/dL and 2 of the following: plasma bicarbonate ≥ 15 mEq/L, venous pH > 7.3, and anion gap ≤ 12 mEq/L). The secondary outcome was time to discontinuation of insulin infusion.
During the study period, there were 271 patients enrolled in the two studies who were treated in the ED with an ICD-10 code for DKA. Of these, 172 met eligibility criteria and were included in the analysis. The median age was 29 years and 52% were female. Ninety-four of the included patients were randomized to receive balanced crystalloids and 78 were assigned to receive saline. The median volume of crystalloid received was 4478 mL.
	Guide
	Comments

	I.
	Are the results valid?
	

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

	1.
	Were patients randomized?


	Sort of. Patients included in this subgroup analyses were enrolled in two separate but concomitant clustered randomized trials in which the type of isotonic crystalloid was assigned according to calendar month. This type of quasi randomization does not allow for blinding of interventions and is subject to systematic bias.

	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?

	N/A. These studies were not truly randomized.

	3.
	Were patients analyzed in the groups to which they were randomized?
	Yes. "The primary analytical approach was an intention-to-treat analysis comparing outcomes between patients assigned to balanced crystalloids vs those assigned to saline." (p. 4) It is unclear how many patients in each group received only the assigned fluid type, but the authors report that 85.3% of the total volume of crystalloid administered in the balanced group was balanced fluid; 96.7% of the total volume of fluid administered in the saline group was saline.

	4.
	Were patients in the treatment and control groups similar with respect to known prognostic factors?
	Mostly yes. Patients were similar with respect to age, gender, race, DKA severity, and baseline lab values. There was a higher proportion of type 1 diabetics in the balanced fluid group (87.2% vs. 76.9%), a higher prevalence of end-stage renal disease requiring renal replacement therapy at baseline (5.3% vs. 1.3%), and a lower incidence of infection (17.0% vs. 30.8%).

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

	

	1.
	Were patients aware of group allocation?


	Yes (in theory), however it is unlikely that knowledge of fluids being received would affect the outcomes.

	2.
	Were clinicians aware of group allocation?


	Yes. These studies were not randomized at the patient level and hence it was impossible to blind clinicians to fluid choice. As a result, performance bias may have affected the outcomes.

	3.
	Were outcome assessors aware of group allocation?


	Yes.  There is no mention of blinding of outcome assessors in either study.  While this could potentially lead to observer bias, the outcomes were fairly objective.

	4.
	Was follow-up complete?


	Yes. As all outcomes measures were made during hospitalization, no patients were lost to follow-up.

	II.
	What are the results ?

	

	1.
	How large was the treatment effect?


	· Time to DKA resolution was shorter in the balanced fluid group (median 13.0 hours, IQR 9.5-18.8) than the saline group (median 16.9 hours, IQR 11.9-34.5), p = 0.002.
· The multivariable proportional hazards model supported this finding (adjusted HR 1.68, 95% CI 1.18-2.38).

· Median duration of insulin drip was also shorter in the balanced fluid group (9.8 hours, IQR 5.1-17.0) than the saline group (13.4 hours, IQR 11.0-17.9), p = 0.04.
· aHR 1.45, 95% CI 1.03-2.03.

· Fewer patients developed hypokalemia (K < 3.0 mmol/L) in the balanced fluid group (aOR 0.35, 95% CI 0.13-0.91).
· Incidences of death, major adverse kidney events, and mechanical ventilation were low and not significantly different between groups.

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


	See above.

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

	

	1. 
	Were the study patients similar to my patient?


	Yes. Both studies were conducted in a large, urban, tertiary care center with what is likely a similar mix of medical, surgical, and trauma patients. This was, unfortunately, a single-center study, and its results are less generalizable than a multi-center study would be.

	2. 
	Were all clinically important outcomes considered?


	Mostly yes. The authors considered time to resolution of DKA, duration of insulin drip, and several major adverse events. They did not evaluate ICU or hospital length of stay.

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


	Yes. This is a relatively small (n = 172) subgroup analysis of previously collected data from 2 cluster-randomized trials. While such data would normally be hypothesis-generating rather than practice changing, and would typically require confirmation with one or more randomized controlled trials, considering the low-to-absent risk and low cost of balanced fluid solutions compared to saline, it would be reasonable to change practice based on these data alone. A median reduction in time to DKA resolution of approximately 4 hours with the use of balanced fluids is quite clinically significant and could lead to significant cost savings and reduced nursing time if implemented.


Limitations:
1. This was a subgroup analysis of previously collected data. While these results should ideally be verified in a randomized controlled trial, given the low risk and cost of balanced fluids over saline it would be reasonable to chance practice based on these results alone.
2. The trials from which these data were collected were not true randomized controlled trials. Instead, group allocation was dictated by the month in which the patient presented.
a. There were some significant differences in baseline characteristics (e.g. diabetes type, prevalence of infection, prevalence of baseline end-stage renal disease) between the groups that would be likely to affect the outcomes.
3. The studies involved were completed at a single urban academic medical center in the US. External validation of these results would help with generalizability to disparate locations (community hospitals, rural hospitals international sites) (external validity).
4. Neither patients, clinicians, nor outcome assessors were blinded to group allocation, raising the possibility of performance bias and observer bias.
Bottom Line:
This subgroup analysis of data from two previous prospective, cluster-randomized trials suggests that the use of balanced fluid solutions (lactated ringers, Plasmalyte A), results in decreased time to resolution of ketoacidosis and decreased duration of insulin drip when compared with normal saline in patients presenting with DKA. These trials were conducted at a single site and there have been no prospective studies to validate these results. Despite these limitations, balanced fluids are cheap and very safe, and this data alone may be sufficient to change practice patterns.
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