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Hyperglycemia affects up to 40% of hospitalized patients 
and is associated with poor outcomes, including increased 
mortality, morbidity and length of stay.1-7 Hyperglycemia 
can be related to poorly controlled or unrecognized/undiag-
nosed diabetes or hyperglycemia of acute illness. Despite the 
cause of hyperglycemia, numerous professional organiza-
tions have recommended use of scheduled basal and nutri-
tional insulin with correction doses (as adjunct to the 
scheduled insulin) in hospitalized patients with diabetes or in 
the event of persistent hyperglycemia.8,9 Sliding scale insulin 
(SSI) remains well ingrained in the hospital culture with use 
across almost all practice areas despite better blood glucose 
control, overall outcomes, decreased length of stay and cost 
savings with scheduled basal bolus insulin therapy.10-12

Changing clinical practice is challenging, particularly 
when it has been in place for as many years as sliding scale. 
Numerous publications have demonstrated SSI has no bene-
fits to glycemic control.10-12 A recent meta-analysis demon-
strated no benefit in glycemic control with the use of SSI yet 
higher rates of hyperglycemia.13 Mulla et al14 demonstrated 
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Abstract
Objective: Hyperglycemia is common in the inpatient setting and providers frequently rely on sliding scale insulin. This case 
study reviews the experience of one hospital moving from high utilization of sliding scale to basal bolus insulin therapy.

Method: This Retrospective Quality Improvement Study describes the journey of clinicians at a 580-bed hospital to convert 
from high usage of SSI to BBI. Hyperglycemic adult patients prescribed insulin, with/without a diagnosis of diabetes, were 
included.

Results: Data over the first year showed that patients treated with Glucommander (GM) spent more time in the target 
range of 70-180 mg/dL than patients treated with non-Glucommander (non-GM), with 2,434 fewer hypoglycemic events and 
40,589 fewer hyperglycemic events. Prior to implementation of GM, SSI was close to 95%, BBI at 5%. Within the first month 
of use, 96% usage of BBI was achieved. Reduction of hypoglycemic events (% of BG < 70 mg/dL) by 21% with 2.16% non-GM 
compared to GM at 1.74% and severe Hypoglycemia (% of BG < 50 mg/dL) by 50% in the ICU 3% non-GM compared to GM 
at 1.5%. In addition, patients treated with GM had a shorter LOS than patients treated with non-GM by 3.18 days and used 
47.4% less point of care tests per patient.

Conclusion: Glycemic management improved with use of eGMS. The conversion from SSI to BBI enhanced overall patient 
safety, eliminated the time and effort otherwise required when manually titrating insulin and reduced overall cost of care for 
patients on insulin therapy.
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educating providers on and implementation of basal bolus 
insulin therapy was not sufficient to sustain practice change 
and proposed integrating technology and repeated education 
of providers. Hospital management of hyperglycemia with 
insulin presents many challenges; emerging technologies 
using commercial computer guided insulin dosing software 
are being explored in the diabetes field. Several commer-
cially available programs have FDA clearance and have been 
studied for efficacy and safety for intravenous (IV) insulin 
guidance in hospitalized patients including Glucommander™ 
(Glytec, Waltham, MA), EndoTool System™ (MD Scientific 
LLC, Charlotte, NC), and GlucoStabilizer™ (Medical 
Decision Network, Charlottesville, VA). Glucommander is 
the first and only FDA-cleared comprehensive electronic 
glycemic management system (eGMS) to demonstrate safety 
and efficacy of computerized software with SubQ insulin in 
previous published studies.15

eGMSs have been shown to improve glycemic control, 
help identify previously unrecognized hyperglycemia, pre-
vent hypoglycemia and its associated complications, and 
reduce the length of stay.16-18

This article describes a quality improvement project 
implemented in a large California community teaching hos-
pital in the Central Valley, Kaweah Delta Health Care District 
(KDHCD).The initial aim of the project was to adopt best 
practice for inpatient management and improve overall gly-
cemic control.

Methods

A retrospective quality improvement project was completed 
over a 12-month period from March 16, 2016, to March 17, 
2017, to compare results of previous IV and subcutaneous insu-
lin care managed by hospital providers to that of the provider-
ordered, nurse-directed, computer-guided Glucommander 
software, an FDA-cleared insulin dosing decision support 
composed of IV, transition, subcutaneous (SubQ), and hospital 
to home (H2H) modules. Glucommander is part of the eGMS 
integrated with our medical center’s electronic health record. 
The primary objective was to measure changes in patient safety 
via reductions in both severe and moderate hypoglycemia ver-
sus baseline (patient day and glucose values <40 mg/dL and 
<70 mg/dL respectively). Secondary objectives were change in 
hyperglycemia (patient day and glucose values >180 mg/dL), 
average daily glucose, percentage of blood glucoses values 
70-180 mg/dL once prescribed target range reached and overall 
utilization of basal-bolus versus SSI, number of point of care 
test per patient, and length of stay (LOS) was collected. LOS 
was controlled by similar insulin managed patients to control 
for health system LOS initiatives. This project was reviewed 
and approved by the KDHCD Institutional Review Board.

Setting

Kaweah Delta Medical Center in Visalia is part of the 581-
bed KDHCD in the heart of California and the central San 

Joaquin Valley. Tulare County is one of California’s poorest 
regions, is medically underserved, and has experienced mul-
tiple rural hospital closures over the past two decades. The 
academic regional medical center serves over 454,000 
patients in Tulare County, which at 13.3% diabetes preva-
lence ranks first of the 58 California counties. In addition, 
Tulare County ranks 50th of the 58 in deaths due to diabetes. 
Some 33% of all inpatients present with a primary or second-
ary diagnosis of diabetes, and 46% of cardiac surgery patients 
have diabetes.

Statistical Methodology

The mean with a measure of variability is reported. A sample 
preliminary test for the equality of variances indicates that 
the variances of the groups were significantly different. 
Therefore, a 2-sample t-test was performed that does not 
assume equal variance. The P value from the t-tests of the 
observed sample groups determined statistical 95% signifi-
cance. For all analyses, reported P values are 2-sided, and P 
values < .05 were considered significant. Mountain States 
Health Alliance Quality Analysis using QI Macros SPC ver-
sion 2010.06 performed all statistical analyses.

Results: Clinical and Organizational

Clinical Results

Among the 4,239 patients (1,479, 34.9% IV & 2,760, 65.1% 
SubQ patients), 100% of the patient demographic informa-
tion was collected and shown in Table 1 with BMI the only 
category statistically different. The eGMS SubQ module 
managed 69,256 total insulin recommendations shown in 
Table 2 with 84% of hospital days titrated for basal insulin 
and 60% of meals with bolus insulin and 60% of meals cov-
ered with correction insulin. Doses edited, modified or not 
administered were reported at 1.1%, so 98.9% of recommen-
dations were administered.

The percentage of severe hypoglycemic events (<40 mg/
dL) for GM was 0.11% and 0.27% for non-GM (P < .0001) 
with mild hypoglycemia (<70 mg/dL) 1.7% for GM and 
2.16% for non-GM (P < .001) shown in Table 2. The percent-
age of severe hypoglycemic Patients (<40 mg/dL) for GM 
was 1.84% and 7.03% for non-GM (P < .0001) with mild 
hypoglycemia (<70 mg/dL) 20.09% for GM and 30.31% for 
non-GM (P < .0001). The percentage of BG values between 
(71-180 mg/dL) for GM was 67.59% and 60.97% for non-
GM (P < .0001) and BGs (>180 mg/dL) 30.72% for GM and 
36.88% for non-GM (P < .0001) (Figure 1).

Average admission blood glucose for GM was 213.19 ± 
106.43 mg/dL and 217.36 ± 127.62 mg/dL for non-GM (P = 
.65) and decreased for GM at discharge to 167.20 ± 74.15 
mg/dL and non-GM to 176.24 ± 61.74 mg/dL (P < .0001). 
Admission to discharge glucose reduction total 45.99 ± 
129.71 for GM compared to 41.12 ± 141.32 mg/dL (P < 
.0001).
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LOS was 5.51 ± 3.19 days for GM and 8.69 ± 4.89 days 
for non-GM managed patients respectively for a difference 
of 3.18 days (Figure 2). System variables for LOS improve-
ments was controlled with non-GM insulin managed patients 
used for control as the comparison was parallel in time with 
GM managed insulin patients. However, it is important to 
realize that not all variables with effects on LOS can be prac-
tically accounted for, this is a significant limitation of the 
study.

Organizational Results

Adopting best practice for inpatient diabetes management 
and improving overall glycemic control has produced posi-
tive organizational changes, improving both the patient 
experience and provider workflow. For example, baseline 

insulin use of sliding scale was 95% with 5% basal bolus. At 
month 1 and sustained through the 12-month study period 
sliding scale was reduced to 4% and basal bolus improved to 
96% (Figure 3).

The number of point of care tests per patient for GM 
26.8 and non-GM 50.9 which was a difference of 24.1 
tests per patient. The number of point of care test per day 
for GM was 4.86 and 5.86 for non-GM. Daily titration 
time per prescriber/per patient was 20.2 ± 27 seconds with 
GM SubQ compared to 219.7 ± 76 seconds for manual 
BBI management. Total minutes per shift with a maxi-
mum of 9 patients needing insulin management 3.0 (min-
utes) for GM compared to 33.0 (minutes) for a total 
reduction of 30 mins per provider per shift for GM SubQ 
module. Full titration adjustments and edits are displayed 
in Table 3.

Table 1. Demographics and Characteristics of Study Patients.

Non-GM (n = 1,039) GM (n = 3,200) P value

Male gender 551 (53) 1664 (52) NA
Age (years) 62.83 ± 13.58 63.32 ± 12.45 .29
Height (cm) 166.47 ± 14.15 166.42 ± 13.29 .78
Weight (kg) 85.58 ± 26.74 86.51 ± 24.93 .23
BMI (kg/m2) 30.66. ± 5.89 31.19 ± 5.86 .14
Admission BG (mg/dL) 217.36 ± 127.62 212.19 ± 101.36 .17
GFR (mL/min) 49.67 ± 14.65 51.72 ± 12.88 .03
Hemoglobin A1C 8.76 ± 1.85 8.49 ± 2.0 .01
Hospital LOS (days) 8.69 ± 4.89 5.51 ± 3.19 .0001

Data are mean ± SD or n (%).

Table 2. Glycemic Control and Hypoglycemia in Insulin Patients Managed With Glucommander or Non-Glucommander.

Variable GM Non-GM P

Number of patients 3200 1039  
Glucose control
 Blood glucose values 85 837 52 987 N/A
 Average blood glucose test per patient 26.8 50.9 <.0001
 Admission blood glucose (mg/dL) 212.19 ± 101.36 217.36 ± 127.62 .17
 Average hospital stay glucose (mg/dL) 163.07 ± 68.87 174.19 ± 74.15 <.0001
 Discharge blood glucose (mg/dL) 167.20 ± 74.15 176.24 ± 61.74 <.0001
 Admission to discharge glucose reduction (mg/dL) 45.99 ± 129.71 41.12 ± 141.32 <.0001
Hyperglycemia
 Blood glucose values 70-180 (mg/dL) 32 306 (67.59%) 58 013 (60.97%) <.0001
 Blood glucose values >180 (mg/dL) 26 365 (30.72%) 19 539 (36.88%) <.0001
Hypoglycemia: percentage of patients
 <70 mg/dL 643 (20.09%) 315 (30.31%) <.0001
 40-69 mg/dL 627 (19.59%) 302 (29.07%) <.0001
 <40 mg/dL 59 (1.84%) 73 (7.03%) <.0001
Hypoglycemia: percentage of glucose values
 <70 mg/dL 1459 (1.7%) 1142 (2.16%) <.0001
 40-69 mg/dL 1362 (1.59%) 1001 (1.89%) <.0001
 <40 mg/dL 97 (0.11%) 141 (0.27%) <.0001

Data are mean ± SD or n (%).
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Improvements in this organization’s management of inpa-
tient diabetes extend well beyond glycemia, utilization, and 
cost metrics. Our engagement with Glytec over the past 18 
months has produced many difficult-to-count but real 
benefits.

To begin, clinical staff at all levels have an improved 
awareness of diabetes and its treatment and the implications 
of disease complications; this awareness is new to our post-
GM era. Many clinical staff have participated in comprehen-
sive education on hyperglycemia and diabetes management 

in the inpatient setting. Although our staff knowledge with 
respect to diabetes management and insulin therapy has not 
been formally measured, there is a general perception that 
the level of knowledge is improved compared to the pre-Glu-
commander era. We have added routine A1C testing for 
Glucommander patients that may reveal many undiagnosed 
cases of diabetes over time. We have eliminated cumbersome 
IV protocols for cardiac surgery that presented clinical as 
well as regulatory risk. Our nurses are learning to count car-
bohydrates and we are having discussion with nutritional 

Figure 1. Percentage of glucose values in acceptable target range of 70-180 mg/dL and out of target glucoses >180 mg/dL.

Figure 2. Percentage of glucose values in the hypoglycemia ranges <70 mg/dL, 40-69 mg/dL, and <40 mg/dL.
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services over food quality. Ordering insulin has been simpli-
fied, standardized, and is more sustainable.

There is new collaboration between inpatient and outpa-
tient practitioners and departments, and in fact a new mas-
ters prepared RN position “measureventionist” has been 
created. This individual monitors near real-time glycemia 
measures and can intervene with nursing and medical staff 
to solve problems and create optimal outcomes. Several 
new internal publications have been created and sustained, 
and glycemia data are shared in many more internal venues 
than in the past.

Supported by Glytec, some of our staff have conducted 
poster and podium presentations at national and international 
diabetes conferences. New interprofessional relationships 
have been developed and new knowledge has been gained.

Discussion and Lessons Learned

Early Implementation. The hospital has long experienced a 
sense of urgency in improving glycemic control; however, 
early in the process there was a lack of structured leader-
ship and focus. A multidisciplinary, multihospital Diabe-
tes Quality Focus team had been tasked with addressing 
glycemic management issues. Early focus of the team had 
led to significant changes in outpatient diabetes care; later 
the team was restructured with a more comprehensive 
vision of improving diabetes care across the inpatient/out-
patient continuum.

The cardiac surgery service was an exception; there was 
strong medical staff leadership and motivation to optimize 
perioperative glycemic control. In fact, the first contacts with 
Glytec were facilitated by our cardiac surgeons. After on-site 
presentations and consultation with a wide range of adminis-
trative and medical staff specialty leadership, we contracted 
with Glytec to implement the eGMS for all inpatients.

Clinical Assessment. Shortly after signing the contract, a thor-
ough assessment of current clinical practice related to glyce-
mic control and the care environment was conducted. All 
disciplines impacting glycemic care participated. The clini-
cal assessment left the project team with a comprehensive 
listing of current best practice processes in place and a list of 
gaps to be addressed prior to the eGMS implementation.

Significant gaps were identified in provider and nursing 
knowledge of insulin pharmacodynamics and kinetics as 
well as use of basal bolus insulin orders. It was not uncom-
mon for nurses to report holding basal insulin by “nursing 
judgement” when blood glucoses were in target range for 
fear of hypoglycemia. Most nurses reported their last educa-
tion on diabetes care was in nursing school. When presented 
with a sample clinical scenario of a patient with type 2 diabe-
tes mellitus on metformin, glipizide and sitagliptin as an out-
patient who presents to the Emergency Department with 
cellulitis and blood glucose of 258 mg/dL most providers 
reported taking a wait-and-see approach to inpatient glyce-
mic control. Varying provider approaches were reported: 
continuing oral therapy and adding SSI, SSI only, and start-
ing a low dose of basal insulin and SSI. This was regardless 
of the patient’s nutritional status. The medical and nursing 
staff demonstrated that opportunities existed to improve 
understanding and management of the patient requiring insu-
lin therapy. KDHCD had no way of identifying patients in 
need of glycemic intervention except via direct interaction 
by the nurse or physician. There were no real-time or daily 
reports utilized to prompt specific interventions beyond 
blood glucose monitoring at the bedside.

Recommendations were made to execute a strong educa-
tional program to build the foundation of a successful 

Figure 3. Percentage of basal bolus vs sliding scale use at 
baseline and 12 months.

Table 3. Glucommander Insulin Adjustments and Edits.

Variable n

Total insulin doses adjusted 69 256
Basal bolus insulin therapy, days 4.39
Basal insulin doses adjusted, % 0.84
Basal doses adjusted, n 11 800
Bolus insulin doses adjusted daily, n 2.02
Bolus doses adjusted, n 28 377
Correction insulin doses adjusted daily, n 2.07
Correction doses adjusted, n 29 079
Number of not-administered or 

modified/edited doses, n (%)
737 (1.1%)
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glycemic management program, remove orders for SSI from 
the electronic health record’s provider order entry, and imple-
ment order sets for IV and transition, as well as SubQ 
Glucommander with weight based insulin dosing. The proj-
ect started in September 2015 with technical integrations and 
clinical practice change meetings. Training in use of the 
eGMS was conducted in February 2016 and the first patients 
were started on the eGMS March 19, 2016.

Implementation. An interprofessional Glucommander steer-
ing committee was established under the codirection of the 
director of nursing practice and the medical director of per-
formance improvement. This committee was composed of 
staff from senior administration, nursing, medical staff, phar-
macy, clinical education, information systems services, 
nutritional services, clinical laboratory, clinical engineering, 
and marketing.

Aside from medical and nursing staff education, there were 
several foundational tasks needing completion before go-live 
could be considered. Historical (baseline) point-of-care (POC) 
glucose results were transmitted, and an interface between the 
hospital EMR and Glucommander software was established 
and tested. A significant previously planned change involved 
the implementation of wireless POC glucometers to shorten 
testing cycle time and enable faster upload of glycemia results 
to Glucommander. Access to clinical performance reports 
(Glucommander/GlucoMetrics) was established.

At time of “go-live,” a “command center” was created 
and staffed around-the clock for the first week by an advanced 
practice nurse and clinical services coordinators (nurses and 
CDEs) from Glytec. A phased approach was taken in the ini-
tiation of Glucommander therapy; patients already hospital-
ized before go-live were maintained on SSI therapy until 
discharge. It was felt that this approach would facilitate early 
problem-solving and “learning curve” issues for staff. 
Pharmacists reviewed all patients on any insulin therapy 
daily and worked with the Glytec team to initiate insulin 
therapy where indicated and convert those on sliding scale to 
GM. Within the week, almost all insulin therapy was man-
aged using Glucommander, a few longer-stay patients were 
converted from SSI therapy.

Daily afternoon debriefings were held in the command 
center and issues and resolutions were aggregated into a 
“FAQ” that was circulated daily among clinical staff. An 
advanced practice RN staff was assigned to a “roving” role 
and visited staff caring for Glucommander patients several 
times daily.

Change Management and Success Strategies. Change is hard, 
and even positive change requires evaluating staff resistance 
and implementing strategic leadership solutions. Significant 
concern came from medical staff, and it should be noted that 
many physicians had not utilized the Glucommander education 
tools prior to ordering therapy for the first time. Representative 
comments indicating concern included “sliding scale is 

easier—it’s what patients use at home,” “I don’t have the time 
to ask about details of home management,” GM is not appro-
priate for some patients,” “nurses call me less when I order 
SSI,” “I already know how to order insulin,” “we didn’t agree 
to this,” “hypoglycemia is worse now,” and “block GM if you 
can.”

A few high-leverage strategies produced the most signifi-
cant improvements in reducing provider concerns. For exam-
ple, through analysis of hypoglycemia data, we “discovered,” 
(before we read the user’s manual) that patients with an A1C 
less than 6.5 may not require GM. After six months of expe-
rience, hypoglycemia in these patients had been sharply 
reduced, especially in the “normal” A1C range patients. 
Another successful strategy was the creation of a daily report 
listing provider orders for non-Glucommander insulin orders. 
The medical director of PI worked with individual (resistant) 
prescribers, and much of the resistance was overcome. Last, 
APRNs, experienced in critical care, quickly became knowl-
edgeable resources and guided many physicians through 
their first few Glucommander patients.

Lessons Learned

•• Know the scope of your community needs, chal-
lenges, and resources

•• Assume knowledge deficits exist for providers, nurses 
and leaders, and correct them through education 
before implementation

•• Measure pre- and postimplementation levels of diabe-
tes and insulin management knowledge using a valid 
and reliable tool

•• Old habits are hard to break
•• Strong executive leadership is key to success
•• Strong understanding of baseline metrics is vital
•• A project manager is critical to maintaining focus
•• Essential to have a solid plan and continuous 

communication
•• Be courageous, take the leap!

Recommendations for others considering a project of this type 
include requiring all medical and nursing staff to attend 
updated inpatient diabetes and hyperglycemia education 
before go-live. Having a strong knowledge base to build upon 
may have made our project move more smoothly in the early 
implementation. In addition, education of end users on the use 
of the new insulin order sets and specifically providers under-
standing appropriate ordering of GM would also be helpful.

While SSI may not be dead as Childs suggested in 2003,19 
we have moved the needle tremendously in the right direc-
tion and are providing best practice for our patients.
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BBI, basal bolus insulin; eGMS, electronic glycemic management 
system; EMR, electronic medical record; GM, Glucommander; 
H2H, hospital to home; IV, intravenous; KDHCD, Kaweah Delta 
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Health Care District; LOS, length of stay; non-GM, non-Glucom-
mander; POC, point of care; SSI, sliding scale insulin; SubQ, 
subcutaneous.
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