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A. What is being studied? (Answer 
below) 

Comments 
 

1. Study Objective To determine “the effects of specific intravenous 
fluid regimens on neurologic outcomes in children 
with diabetic ketoacidosis.” 
 

2. Study Design 
 
 

Multi-center, prospective, RCT that took place in 13 
urban, academic hospital settings.  

3. Inclusion Criteria 
 
 

0-18y age with DKA (glu >300 mg/dL and pH 
<7.25 or bicarb <15 mmol/L) 

4. Exclusion Criteria 
 
 

Underlying disorders affecting mental status testing 
or neurocognitive evaluation, concurrent alcohol or 
narcotics use, head trauma, prior DKA which had 
already received substantial treatment, pregnancy or 
other disorder that needed specific electrolytes or 
fluids 

5. Interventions Compared 
 
 

Type of fluid (0.9% or 0.45% NaCl) and infusion 
rate (rapid or slow) (Table 1) 

6. Outcomes Evaluated 
 
 
 

Primary: “deterioration of neurologic status (as 
evidenced by two consecutive Glasgow Coma Scale 
scores of <14 during any hour within the first 24 
hours”  –  
 
Secondary:   
1. “short-term memory during treatment 
for diabetic ketoacidosis”  
2. “clinically apparent brain injury (defined as 
a deterioration in neurologic status leading to 
initiation of hyperosmolar therapy or endotracheal 
intubation or resulting in death) during 
treatment for diabetic ketoacidosis”  
 



3. “short-term memory, contextual memory, and IQ 
2 to 6 months after the episode of diabetic 
ketoacidosis.” 
 

B. Are the results of the study valid? 
Answer questions below 

  

 

1. Were patients randomized?  
 
 
 

Yes. “randomization schedules using variable-length 
permuted blocks” noted in previously published 
study protocol.  

2. Was randomization concealed 
(Blinded) 
 
 
  

For clinicians,” fluid therapy is non-blinded.” 
Patients/parents/guardians unaware of treatment 
group assignment.  

3. Were patients analyzed in the groups to 
which they were randomized?    

Uncertain.  The authors state “primary analyses 
were performed according to the intention-to-treat 
principle.”  “We also performed 
secondary analyses in the per-protocol 
population”  
 
Follow-up once discharged was poor. “in 387 of 
these episodes (30.1%) were either lost to follow-up 
or declined to return for neurocognitive testing and 
it is unclear how they applied ITT to these patients 
 

4. Were patients in the treatment and 
control groups similar with respect to 
known prognostic factors? 
 

Yes (table 2)  
 

C. Did experimental and control groups 
retain a similar prognosis after the 
study started (answer the questions 

below)? 

 

1. Were patients aware of group 
allocation? 

No. “Patients/parents/guardians unaware of 
treatment group assignment.” 
 
 

2. Were clinicians aware of group 
allocation? 
 

Yes.  
 

3. Were outcome assessors aware of group 
allocation? 
 

No. “Research personnel who conducted the 
cognitive testing and recorded outcome data were 
unaware of the treatment-group assignments, as 
were the trial investigators who oversaw this 
process.” 
 

4. Was follow-up complete? 30.1% were lost to follow up.  



D. What were the results?  
1. How large was the treatment effect? 
(difference between treatment and control 
group).  

Not exactly a treatment vs control study; but there 
was no statistical difference in the primary 
outcome (deterioration of neuro status) between the 
4 arms of the study.  

- Lowest rates of mental status decline and 
clinically apparent brain injury were in the 
rapid rehydration groups (both 0.45 and 
0.9%) but not statistically significant 
difference from the slow rehydration 
groups. 

 
Secondary outcome of short-term memory 
(forward/backward digit span recall) was improved 
in the faster rehydration group (but 0.9 vs 0.45% 
didn’t matter) compared to the slower rehydration 
group but did not reach statistical significance 
(P=0.06) _ 
 
Subgroup Analysis:  
 “The effect of rehydration rate on forward 
digit-span scores differed in the subgroup with lower 
 Pco2 level (P = 0.03) with faster 
improvement in the rapid rehydration groups 
than in the slow rehydration groups among patients 
with a low Pco2 level (P=0.03)”  
 
 “The effect of rehydration rate on backward digit-
span scores differed in the subgroup defined 
according to pH level (P = 0.01) with faster 
improvement in the rapid rehydration groups than in 
the slow rehydration groups among patients with a 
low pH (P = 0.01).” 
 
Serious adverse events occurred in 3% with 12 
episodes (0.9%) of clinically apparent brain injury 
 
 Hypoglycemia and hypokalemia occurred at similar 
rates in the 4 arms. 
Hyperchloremic acidosis occurred more frequently 
in the 0.9% Fast infusion (P=0.04). 
Hypophosphatemia was also statistically significant 
in this group (P=0.03) 
 
Resolution of DKA and duration of hospitalization 
were similar amongst the 4 arms. 
 

2. How precise was the estimated 
treatment effect at a 95% confidence 
interval?  

For the primary outcome, p-value for fast vs slow is 
0.34 and for 0.45 vs 0.9% solution is 0.43, so no real 
statistical difference 



 
 

 

D. How can I apply the results to 
patient care 

 

IV. Were the study patients similar to my 
patients?   
 

Possibly. The majority of patients (74%) were 
Caucasian which may not be representative locally. 
Other demographic characteristics however were 
similar  
 
 

1. Were all clinically important outcomes 
considered?  
 

Yes.  Surrogates for CNS impairment (GCS, 
Wechsler IQ, Serial numbers) have been validated. 
No “gold standard” for early identification exists.  
 

2. Are the likely treatment benefits worth 
the potential harms and costs?  
 
 

Uncertain.. No cost analysis provided. Only 
documented harms appear to be hyperchloremic 
acidosis and hypophosphatemia both of which 
occurred in the Fast 0.9% treatment arm. In view of 
this is “slow” rehydration or balanced solutions 
more appropriate?   

 
 
 
Limitations: 
 

- Fluid administration rates used in this study are already the upper and lower 
boundaries of existent practice patterns and did not represent what would be 
considered “aggressive”  
Clinically apparent brain injury only occurs in <1% of DKA episodes, so 
impossible to get enough statistical power to detect differences in outcome. Also, 
only 11.6 % of patients were less than 6 years old, which in most case series 
represents the group at highest risk for the development of cerebral edema. 

- Repeat DKA episodes in the same patient were included as separate episodes 
which may causa a reduction in statistical power 

- Over 30% of patients were lost to follow-up 
- Did not report on repeat fluid boluses which were performed “at the discretion” of 

the treating clinician  
 

 
 
Clinical Bottom Line: 
 
Neither the rate of fluid administration (within commonly accepted parameters) or 
the NaCl content of IVF significantly influenced neurologic outcomes of DKA in 
children. Given the incidence of CE, the age distribution of patients and loss to 
follow-up it is unclear whether the study was adequately powered.   
 
 


