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Abstract

Purpose: Computerized insulin dosing tools (CIDT) have been shown to improve the care of critically ill patients with
hyperglycemia. Application of a CIDT in addition to a diabetic ketoacidosis (DKA) order set for the treatment of DKA has not
been evaluated. Our goal was to determine the effects the CIDT would have on the treatment of a patient with DKA. Methods:
In this retrospective, pre—post chart review, a provider-driven insulin dosing strategy (pregroup) was compared to the CIDT
(postgroup) with 24-hour pharmacist monitoring. The CIDT utilized an equation that incorporated a patient’s most recent blood
glucose (BG) value and recommended a rate of insulin (units’/hour) every hour. Results: All baseline characterizes were similar
between the 2 groups. There were no significant differences in average time to anion gap closure (< 12 mEg/L) or intensive care
unit length of stay between the pregroup and postgroup (12.5 [6] hours vs 10.5 [7] hours, P = 0.235; 40.6 [24] hours vs 40.8 [24]
hours, P = 0.945). Although not statistically significant, |7 hypoglycemic events (BG < 70 mg/dL) occurred in the pregroup with 4
being severe (BG < 50 mg/dL) while 5 hypoglycemic events occurred in the postgroup, none of which were severe. Conclusion:
This study suggests, when compared to a provider-driven insulin dosing strategy, the CIDT with 24-hour pharmacist monitoring is

efficacious and safe for treatment of patients with a primary diagnosis of DKA.
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Diabetic ketoacidosis (DKA) is an acute metabolic complica-
tion of type 1 and type 2 diabetes mellitus (DM) which can be
potentially fatal.'* Although deaths due to DM continue to
decline, the prevalence of DKA remains high.>* The 2017
National Diabetes Statistic Report published by The Center for
Disease Control and Prevention states, in 2014, there were 168
000 adult hospitalizations for DKA and 207 000 emergency
department visits for a hyperglycemic crisis.*

The management of DKA recommended by the American Dia-
betes Association (ADA) includes administration of intravenous
(IV) fluids, insulin, and electrolyte supplementation to correct
metabolic derangements that accompany this disorder.” Treatment
of DKA is a meticulous process requiring frequent monitoring and
follow-up to avoid complications, particularly hypoglycemia and
hypokalemia. Timely adjustments in therapy are necessary based
on laboratory results obtained as frequently as every hour.

When caring for critically ill patients, comprehensive proto-
cols and order sets have been shown to decrease intensive care
unit (ICU) morbidity, mortality, ICU length of stay (LOS), hos-
pital LOS, errors, and cost.>%!! There is increasing evidence that
a computerized insulin dosing tool (CIDT) reduces the number
of hypoglycemic events, time to target blood glucose (BG), and
variation in BG over time when treating hyperglycemia in

critically ill patients.'*"> Although promising results have been
seen, application of a CIDT in addition to a DKA order set for
the treatment of DK A has not been evaluated. Our objective was
to determine the potential benefits and risks a CIDT would have
on the treatment of patients with DKA.

Methods
Study Design, Setting, and Populations

This retrospective, pre—post observational chart review study
was conducted at Buffalo General Medical Center in Buffalo,
NY. The University at Buffalo institutional review board
approved this study.
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Patients were included if they were 18 years or older with a
primary diagnosis of DKA defined as a plasma glucose > 250
mg/dL, anion gap > 10, and positive urine and/or serum
ketones.” All patients were admitted to a closed 34-bed medical
ICU and received treatment with the DKA order set (Appendix
A). The pregroup included patients whose insulin regimens
were managed by provider-driven insulin dosing from April
1, 2014, through October 31, 2015. These data were part of a
quality assurance initiative started by the pharmacy depart-
ment. The CIDT, GlucoStabilizer™ (Medical Decisions Net-
work, Charlottesville, Virginia), was implemented on March
15, 2016. The postgroup included patients who were managed
with the CIDT from March 15, 2016, through November 30,
2016. The CIDT was unavailable in the emergency department
therefore patients in the postgroup were not started on the
program until they were transferred to the medical ICU. Phar-
macists monitored the postgroup 24 hours a day, 7 days a week.

All patients admitted were evaluated for inclusion in the
pre and postgroup required initiation of the DKA order set
(Appendix A) at the time of ICU admission. The order set
followed standardized ADA treatment recommendations and
was ordered electronically through a computerized physician
order entry (CPOE) system.” Patients were excluded if they had
a primary diagnosis of hyperosmolar hyperglycemic state
(HHS), sepsis, septic shock, respiratory failure, active coronary
artery disease, acute stroke, end-stage liver or kidney disease,
pregnancy, or pancreatitis.

Intervention and Training

In the pregroup, nurses communicated all BG values to the
provider who then made a decision on how the rate of insulin
was adjusted. There was no comprehensive insulin dosing
paper protocol for nurses to follow. In the CIDT group, a
web-based software program used mathematical modeling to
provide insulin dosing based on BG values and targeted a pre-
specified BG range."? It calculated an insulin infusion rate in
units/hour based on the patient’s most recent BG value; (BG
[mg/dL] — 60) x multiplier. The multiplier, an insulin sensi-
tivity factor, was set at an initial default of 0.02. The multiplier
is not a constant; rather, it will adjust based on factors such as
attainment of the target BG range and the rate of BG decline
over time. Prior to using the CIDT for management of DKA,
consultation with an endocrinologist provided assistance in
establishing the target BG, multiplier, and frequency of BG
testing for the DKA population. The BG target chosen was
100 to 160 mg/dL.

Frequency of BG monitoring was hourly, with an audible
alarm alerting the nurse to obtain the scheduled BG. The
Abbott Precision Xceed Pro (Abbott Diabetes Care Inc, Ala-
meda, California) BG meter was utilized to obtain BG values
unless they were outside the recommended limits of accuracy
for the meter (<50 mg/dL or > 400 mg/dL). If either of these
criteria were met, a serum BG was drawn and sent to the
laboratory for interpretation.

Pharmacists responsible for verifying provider orders were
incorporated into the management of the DKA protocol. They
were responsible for ensuring the DKA order set was utilized
and patients were entered into the CIDT properly. Furthermore,
they assisted with transition to subcutaneous insulin when indi-
cated, which was pharmacist- or provider-driven. A monitoring
form (Appendix B) was provided to all pharmacists for their
reference with key interventions. The pharmacists monitored
these patients in conjunction to their other required activities
which included order verification, answering phone calls,
attending cardiac arrests, and checking filled medication
orders. Pharmacists were asked to complete the monitor forms
and follow up 24 hours a day, 7 days a week. The majority of
time spent on this task occurred upon initial verification of the
insulin order.

Prior to implementation of the CIDT intervention, the pro-
viders and nurses were trained on the pertinent updates to the
DKA treatment pathway. The providers also received educa-
tion on the functionality of the CIDT and to avoid interrupting
the insulin infusion if a rate of zero units/hour was calculated
unless the patient was hypoglycemic (<70 mg/dL). Nurses were
trained to initiate dextrose containing fluids when the first BG
was less than 250 mg/dL and call the provider if the program
recommended an insulin infusion rate of zero units/hour. Phar-
macists were provided information regarding appropriate treat-
ment of DKA, how the CIDT functioned, and the key
interventions they were expected to perform.

Data Collection

The patients in the pregroup were identified by querying the
electronic medical record for patients in whom the DKA order
set was selected. The patients in the postgroup were identified
through a report generated by the CIDT database. A random
number generator was used to select patients in the pregroup to
be compared to a similar number of patients in the postgroup.
Once patients were identified, all data were collected via the
institution’s electronic medical record. In addition to efficacy
and safety outcomes data, demographic and relevant baseline
laboratory data including information to calculate an Acute
Physiology and Chronic Health Evaluation (APACHE) Il score
and to determine severity of DKA as defined by the ADA® were
collected.

Outcome Measures

The primary efficacy outcome included time to anion gap clo-
sure (<12 mEqg/L) from admission. The secondary outcomes
evaluated were ICU and emergency department LOS, number
of hypoglycemic events (<70 mg/dL), and severe hypoglyce-
mic events (<50 mg/dL) while on the insulin infusion, number
of IV dextrose (25 g) boluses administered, dextrose 5% water
(D5 W) ordered, appropriate initiation of D5 W (within 1 hour
after the first BG reading below 250 mg/dL), number of hypo-
kalemic events (potassium < 3.5 mEq/L) while on the insulin
infusion, time to subcutaneous insulin ordered, reopening of
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Pre-group (n=83)

ey

Post-group (n=81)

———

Included Excluded?
(n=29) (n=52)

Included Excluded?
(n=36) (n=47)
HHS (n=19)
| | Sepsis/Septic shock (n=20)

Respiratory failure (n=15)
Other® (n=22)

HHS (n=12)

No DKA order set (n=10)
Sepsis/Septic shock (n=17)
Respiratory failure (n=12)
Other® (n=9)

Figure |. Study population selection. DKA indicates diabetic ketoacidosis; HHS, hyperosmolar hyperglycemic state. *All exclusion criteria were
evaluated for each patient, thus multiple patients met more than one of the exclusion criteria; Active coronary artery disease, acute stroke,

end-stage liver or kidney disease, pregnancy, and pancreatitis.

the anion gap (>12 mEq/L), and the number of interventions
made by a pharmacist in the postgroup.

Statistical Methods

Continuous data are reported as mean and standard deviation
and categorical data are reported as frequencies and percen-
tages. The unpaired ¢ test was used to compare means and the
Pearson Chi-Square test or Fisher’s exact test was used to
compare categorical data. A P value of less than 0.05 was
considered statistically significant. Analyses were performed
using SPSS version 23 (IBM SPSS Statistics, IBM Corpora-
tion, Armonk, New York).

Results

Of the 164 patients evaluated for this study, a total of 65 met
inclusion criteria, 36 in the pregroup and 29 in the postgroup
(Figure 1). The average age of the study population was 45 (17)
years old with 38 (58.5%) patients having a diagnosis of type 1
DM. Baseline characteristics and laboratory values which were
collected upon presentation were similar in both groups includ-
ing the mean APACHE II score and the severity of DKA
(Table 1).

The average time to anion gap closure was similar between
the groups (Table 2). There was no difference between the
pregroup and postgroup in ICU LOS either (40.6 [24] hours
vs 40.8 [24]; P = 0.84). For those admitted through the emer-
gency department, there was no difference in the mean LOS in
the emergency department between the pregroup and post-
group, respectively (n = 30, 7.1 [6.5] hours vs n = 23, 4.7
[3.4] hours; P = 0.115).

There were 12 patients in the pregroup and 4 patients in
the postgroup who experienced at least 1 hypoglycemic event
(P =0.087; Figure 2). Four severe events occurred in 3 patients
prior to the CIDT intervention and none after implementation
of the new tool (P = 0.247). Nurses administered seven 25 g IV
dextrose boluses to the pregroup and 3 to the postgroup. There
were a similar number of patients in each group who had an

Table 1. Baseline Characteristics Upon Admission to the Emergency
Department.

Pregroup Postgroup

Baseline Characteristics (hn=36) (=29 P
Age, years, mean (SD) 43 (17) 47 (17) 0.34
Male, no. (%) 16 (44.4) 15 (51.7) 0.56
Type | DM, no. (%) 22 (61.1) 16 (55.2) 0.63
APACHE Il score, mean (SD) 13 (7) 14 (6) 0.53
Severity of DKA, no. (%) 0.94
Mild 0 (0) 0 (0)
Moderate 22 (61.1) 18 (62.1)
Severe 14 (38.9) Il (37.9)
GCS, mean (SD) 14.7 (1.1) 15 (0) 0.1
Heart rate, bpm, mean (SD) 110 (24) 110 (18) 0.92
Mean arterial pressure, nm Hg,mean (SD) 92 (22) 100 (20) 0.1l
Arterial pH, mean (SD) 723 (0.2) 7.23(0.1) 0.89
Anion gap, mmol/L, mean (SD) 24.1 (6) 228 (7.2) 045
Serum bicarbonate, mmol/L, mean (SD) 12.6 (5.5) 129 (5.3) 0.83
Blood glucose, mg/dL, mean (SD) 600 (196) 614 (187) 0.78
Serum ketones, mmol/L, mean (SD) 7.7 (3.3) 7.1 39) 06

Urine ketones, mg/dL, mean (SD) 63.7 (24.5)* 552 (22)° 0.16

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
DKA, diabetic ketoacidosis; DM, diabetes mellitus; GCS, Glasgow Coma Scale;
SD, standard deviation.

?n = 35.

Pn = 28.

Table 2. Primary Outcome Results.

Pregroup Postgroup

Primary Outcome (n=36) (n=29) P

Time to anion gap closure (hour); mean (SD)  12.5 (6) 10.7 (7) 0.24

Abbreviation: SD, standard deviation.

order placed for a continuous D5 W infusion (n = 33 vs n = 24;
P = 0.45) upon verification of the insulin infusion. Despite
more hypoglycemic events, a greater percentage of patients
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Figure 2. Hypoglycemic events in the pregroup and postgroup.

in the pregroup had appropriate initiation of a continuous D5 W
infusion when compared to the postgroup, but this was not
statistically significant (n = 19 vs n = 10; P = 0.14).

There were 27 hypokalemic events occurring in 14 patients
in the pregroup and 18 events occurring in § patients in the
postgroup. In the pregroup, 9 patients had 1 event, 3 had 3
events, 1 had 4 events, and 1 had 5 events. In the postgroup,
3 patients had 1 event, 2 had 2 events, 2 had 3 events, and 1 had
5 events. This was not statistically significant (P = 0.35).

The average time to placement of an order for subcutaneous
insulin was shorter in the postgroup when compared to the
pregroup, but this was not statically significant (14.9 [8.5]
hours vs 21.8 [18.3] hours, P = 0.078). The anion-gap reo-
pened in 2 patients in the pregroup and 1 patient in the post-
group. In the pregroup, the anion gap reopened after 1 patient
refused subcutaneous insulin administration. A dose of subcu-
taneous insulin that was considerably lower than their home
basal regimens was given to the 2 remaining patients.

The postgroup had an average of 1 pharmacist-initiated
intervention per patient. Common interventions included edu-
cating providers about the DKA order set, educating the nurse
about the CIDT, calling providers to recommend ordering the
continuous D5 W infusion, and calling nurses to recommend
initiation of the continuous D5 W infusion.

Discussion

To our knowledge, this is the first study to evaluate the CIDT
for the treatment of patients with DKA exclusively. While this
study did not compare the CIDT to a comprehensive insulin
dosing paper protocol, but rather a provider driven approach,
our average time to anion gap closure and ICU LOS
were numerically similar to those reported in previous studies
(Table 3).>'" Additionally, recurrence of ketosis was uncom-
mon with the intervention. Although time to anion gap closure
may represent a surrogate end point for the management of
DKA, it was chosen as the primary outcome for the study as
a way to measure efficacy of the CIDT. We believe this
addresses the efficacy of the CIDT with 24-hour pharmacist

a Table 3. Comparing Intensive Care Unit Length of Stay and Time to
Anion Gap Closure to Studies That Evaluated Comprehensive Paper
12 Protocols.
3
2307 Time to Anion Gap Closure
= ICU LOS (hour); mean (SD) (hour); Mean (SD)
o
g6l P P
% Study Pre Post Value Pre Post  Value
g4 — — —
£ Bulletal'' 44 (28) 34(18)  0.007 154 (13.3) 10.3 (4.6) <0.00I
2 Beik et al® 64.8 (19) 37.1 (74.8) <0.0I 13 (9) 9.3 (74) <0.0lI
A Defayette 40.6 (24) 40.8 (24) 0.84 125 (6) 10.5 (7) 0.24
| Pre-group (n=36) Post-group (n=29) et al
|m 50-70[_"[52’:12 13 5
R ! £ Abbreviations: ICU, intensive care unit; LOS, length of stay; SD, standard

deviation.

monitoring as this was the only change made to the manage-
ment of DKA during the study period.

Neither Beik et al* nor Bull et al'' were able to find a
statistically significant decrease in the total number of hypo-
glycemic events with implementation of a comprehensive
paper protocol. Similarly our study was unable to show a
statistically significant difference in hypoglycemic events.
There were 33% of patients in the pregroup and 14% of
patients in the postgroup who experienced a hypoglycemic
event (Figure 2). This could be considered a significant
improvement in clinical care despite the postgroup having a
greater number of patients with inappropriate initiation of D5
W. Although there were more patients in the postgroup with
inappropriate initiation of D5 W, this may have been a doc-
umentation error, as the smart pumps and electronic medical
record do not communicate with one another. These results
validate the decision to lower our target BG to accommodate
the limitations of the CIDT.

In previous studies, the reported percentage of patients
experiencing at least 1 hypoglycemic event was comparable
to the events in our study.'"'® Bull et al who evaluated imple-
mentation of a comprehensive paper protocol found 18 (16.2%)
of 111 patients experienced at least 1 hypoglycemic event in
their intervention group.'' Sandler et al evaluated hypoglyce-
mic events using the CIDT for management of stress hypergly-
cemia in a medical or surgical ICU population.'® An admission
diagnosis of DKA or HHS were not evaluated; however, a
small percentage of patients with end-stage renal disease were
included. Sixteen percent of patients in the medical ICU expe-
rienced 1 or more episodes of moderate hypoglycemia (<70
mg/dL) and zero patients experienced severe hypoglycemia
(<40 mg/dL).

In our study, 39% of patient in the pregroup and 28% of
patients in the postgroup experienced at least 1 hypokalemic
event. Similarly, Beik et al found no difference in the number
of patients who experienced a hypokalemic event with imple-
mentation of their comprehensive protocol.'! Furthermore,
these authors found a statistically significant decrease in the
mean number of hypokalemic events per person (2.1 vs 1.3,
P =0.016)."" Our study found no difference between groups in
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the number of patients who experienced at least one hypoka-
lemic event during the insulin infusion (P = 0.43). There were
27 hypokalemic events in the pregroup and 18 in the postgroup.
Our data suggest that the CIDT had similar or perhaps
improved safety outcomes with respect to hypoglycemia and
hypokalemia when compared to other comprehensive
protocols.>!!

Providers and pharmacists were eager to utilize the CIDT
because of its unique features, but continuing education was an
important component of this project and will be necessary to
ensure sustained success. The majority of interventions exe-
cuted by pharmacists centered on educating providers and
nurses concerning the availability and utilization of the CIDT.
Pharmacist’s involvement provided an added layer of safety as
the CIDT had not been used previously in this patient popula-
tion. As the end users have become more comfortable with this
technology, 24-hour pharmacist oversight has moved toward
clinical rather than technical interventions. Additionally, qual-
ity improvement strategies are necessary to maintain continued
efficacy and safety of the CIDT. Utilization and adherence is
monitored periodically and presented at our institution’s Phar-
macy and Therapeutic Committee meeting.

There are several limitations to this study. The first comes
with its design, as it was a retrospective, pre—post observational
chart review at a single center. Although a trend toward
improved outcomes was observed, the study may not be ade-
quately powered to detect a statistical difference. Screening
may have limited the sample size if the CPOE order set was
not utilized in the pregroup and if the CIDT was not utilized in
the postgroup. However, as a pilot study, our results suggest the
CIDT provides similar efficacy and safety when compared to
the provider driven dosing strategy. In addition, the CIDT was
unable to be implemented until patients were admitted to the
ICU; therefore, patients in the CIDT group were initially man-
aged with the provider insulin dosing. It is unclear how the
program would have affected the time to anion gap closure if
it were initiated in the emergency department.

It is important to point out that the CIDT was utilized at our
institution for treatment of stress hyperglycemia prior to imple-
mentation of treatment for DKA; therefore, there was no addi-
tional cost for our institution to use the CIDT in this population.
Cost may be a factor when implementing a CIDT and would be
institution-specific.

Finally, the target BG range of 100 to 160 mg/dL was below
the recommended ADA target of 150 to 200 mg/dL> and may
limit generalizability of the CIDT. A lower than recommended
target range was chosen to prevent the CIDT from directing the
nurse to hold the insulin infusion prior to resolution of DKA.
This could have potentially occurred when the BG was below
the low target of 100 mg/dL and the multiplier had decreased to
zero. However, the likelihood of this occurring with a higher
target of 150 to 200 mg/dL would have been significantly
greater. It is important to note that although we chose a lower
target BG, there were numerically less hypoglycemic events
when compared to patients in the pregroup who had a target BG
of 150 to 200 mg/dL.

Conclusion

This study suggests the CIDT is efficacious and safe for treat-
ment of patients with a primary diagnosis of DKA when com-
pared to provider-driven insulin dosing. Further studies are
needed to evaluate the efficacy and safety of the CIDT if imple-
mented in the emergency department or if used in patients with
DKA and other concomitant diagnoses.

Appendix A. Diabetic ketoacidosis order set

Intravenous Fluids (These orders are NOT to be used in
patients with end-stage renal disease.)

IV Bolus. 0.9% sodium chloride bolus 1000 mL, intravenous
(IV) piggyback, infuse over: 60 minutes, once, or 1000 mL,
IV piggyback, infuse over: 60 minutes, ql hour.

IV Maintenance Fluids. 0.9% sodium chloride IV continuous,
mL/h, 1000 mL.

0.45% sodium chloride IV continuous, mL/h, 1000 mL.

If potassium is < 5.2 mmol/L, consider a potassium contain-
ing solution:

0.9% sodium chloride with potassium chloride 20 mEq/L IV
continuous, mL/h, 1000 mL.

0.45% sodium chloride with potassium chloride 20mEq/L
IV continuous, mL/h, 1000 mL.

For glucose < 250 mg/dL:

Dextrose 5% in water IV continuous, mL/h, 1000 mL, com-
ments: Start when glucose is < 250 mg/dL.

Medications

Antiemetics. Metoclopramide 10 mg, injection, IV push, g6 h, as
needed (PRN) nausea/vomiting

Ondansetron 4 mg, injection, IV push, q6 hour, PRN nausea/
vomiting.

Insulin. NOTE: Do not start insulin until potassium is > 3.3
mEq/L.

Insulin regular 0.15 U/kg, injection, IV push once.

Then insulin regular 50 units in 0.9% sodium chloride
100 mL, IV continuous, unit/h.

Potassium replacement (These orders are NOT to be used in
patients with end-stage renal disease.). Potassium chloride 10
mEq in 0.9% sodium chloride 50 mL, 10 mEq, injection, IV
piggyback, ql hour, PRN other (comment: potassium < 2.8
mEq/L give 10 mEq ql hour x 8 doses. For potassium
2.8-3.3 mEq/L give 10 mEq ql hour x 6 doses. For potassium
3.4-3.9 mmol/L give 10 mEq gl hour x 4 doses.).

Laboratory

Immediate (STAT) one time orders. Complete blood count with
differential, comprehensive metabolic panel, venous or arterial
blood gas, hemoglobin Alc, osmolality, phosphate level,
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magnesium Level, urinalysis with microscopy, blood glucose
fingersticks, human chorionic gonadotropin qualitative, lactate
whole blood, amylase level, lipase Level, and ketones beta-
hydroxybutyrate.

Recurring orders. Blood glucose fingersticks every 1 hour and
venous or arterial blood gas, basic metabolic panel, compre-
hensive metabolic panel, lactate whole blood, magnesium
level, and phosphate level every 4 hours.

Support services/ Referrals

Referral to Nutritionist Adult

Appendix B. Diabetic Ketoacidosis
Monitoring Form for Pharmacists

Pharmacist name
Patient name
Medical record number

Yes or No

Order set ordered

Called to get order for order set

Patient entered into the CIDT

Called nurse to put patient into the CIDT
Blood glucose < 250 mg/dL; dextrose initiated
Recommended dextrose initiation
Recommended potassium replacement
Recommended phosphate replacement
Insulin drip inappropriately turned off
Recommended reinitiation of insulin drip
Recommended subcutaneous insulin
Additional comments/interventions

Abbreviation: CIDT, computerized insulin dosing tools.
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