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Software-guided insulin dosing improves intrapartum
glycemic management in women with diabetes mellitus
Cheryl Dinglas, DO; Jolene Muscat, MD; Tracy Adams, MD; Virginia Peragallo-Dittko, RN; Anthony Vintzileos, MD;
Hye J. Heo, MD

BACKGROUND: During labor, maintenance of maternal euglycemia is

critical to decrease the risk of neonatal hypoglycemia and associated
morbidities. When continuous intravenous insulin infusion is needed,
standardized insulin dosing charts have been used for titration of insulin to
maintain glucose in target range. The GlucoStabilizer software program
(Indiana University Health Inc, Indianapolis, IN) is a software-guided insulin
dosing system that calculates the dose of intravenous insulin that is
needed based on metabolic parameters, target glucose concentration, and
an individual’s response to insulin. Although this tool has been validated
and shown to reduce both hypoglycemia and errors in critical care settings, the utility of this software has not been examined in obstetrics.
OBJECTIVE: The purpose of this study was to determine whether the
use of intravenous insulin dosing software in women with pregestational or
gestational diabetes mellitus that requires intrapartum insulin infusion can
improve the rate of glucose concentration in target range (70e100 mg/dL;
3.9e5.5 mmol/L) at the time delivery.
STUDY DESIGN: We performed a retrospective cohort study
comparing laboring patients with diabetes mellitus that required insulin
infusion who were dosed by standard insulin dosing chart vs the
GlucoStabilizer software program from January 2012 to December 2017.
The GlucoStabilizer software program, which was implemented in May
2016, replaced the standard intravenous insulin dosing chart. Inclusion
criteria were women with pregestational or gestational diabetes mellitus
who were treated with an intravenous insulin infusion intrapartum for at
least 2 hours. Maternal characteristics, glucose values in labor, and
neonatal outcomes were extracted from delivery and neonatal records. The
primary outcome was the percentage of women who achieved the target
glucose range (defined as a blood glucose between 70e100 mg/dL;

T

he prevalence of diabetes mellitus
during pregnancy has increased in
recent years,1 which has led to a large
number of studies addressing preventive
measures, antepartum interventions,
and postpartum treatment of these patients.2-5 However, studies that have
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3.9e5.5 mmol/L) before delivery. Parametric and nonparametric statistics
were used to compare both groups; a probability value of <.05 was
considered statistically significant.
RESULTS: We identified 22 patients who were dosed by a standard
insulin dosing chart and 11 patients who were dosed by the GlucoStabilizer
software program during intrapartum management. The GlucoStabilizer
software program was superior in achieving glucose values in target range
at delivery (81.8% vs 9.1%; P<.001) compared with standard insulin
dosing without increasing maternal hypoglycemia (0% vs 4.3%; P¼.99).
Patients whose insulin dosing was managed by the GlucoStabilizer software program also had lower mean capillary blood glucose values
compared with the standard insulin infusion (102.95.9 mg/dL
[5.70.33 mmol/L] vs 121.75.9 mg/dL [6.80.33 mmol/L]; P¼.02).
Before the initiation of the infusion, both groups demonstrated mean
capillary blood glucose values outside of target range (122.68.8 mg/dL
[6.70.49 mmol/L] for the GlucoStabilizer software program vs
131.910.1 mg/dL [7.30.56 mmol/L] for standard insulin treatment
group; P¼not significant). There were no significant differences in
baseline maternal characteristics between the groups or neonatal
outcomes.
CONCLUSION: This study is the first to demonstrate that the use of
software-guided intravenous insulin dosing in obstetrics can improve
intrapartum glycemic management without increasing hypoglycemia in
women with both pregestational and gestational diabetes mellitus that is
treated with an insulin infusion.
Key words: diabetes mellitus, glycemia, hyperglycemia, hypoglycemia,
software-guided insulin dosing

addressed intrapartum glucose management are scarce. During labor and delivery, the goal is to maintain maternal
glucose concentration in a target range
to avoid both hypo- and hyperglycemic
events. When necessary, blood glucose is
managed with the use of a continuous
intravenous insulin infusion that is
dosed from a standard insulin dosing
chart based on glucose values
(Figure 1).6
The GlucoStabilizer software program
(Indiana University Health Inc, Indianapolis, IN) is a software-guided insulin
dosing system that has been cleared by
the US Food and Drug Administration to

calculate the dose of intravenous insulin
that is needed to maintain capillary
blood glucose concentration effectively
in the target range while reducing hypoglycemia and reducing errors. An
annual technology license includes service, support, and core system maintenance; 1-time costs are associated with
installation, training, and interfacing.
GlucoStabilizer is a trademark of Indiana
University Health Inc, under license. The
program calculates the insulin dose
based on target glucose range and adjusts
rates based on an individual’s response
to treatment, with the use of an insulin
sensitivity factor.7 In critical care

AUGUST 2018 American Journal of Obstetrics & Gynecology

191.e1

Original Research

OBSTETRICS

AJOG at a Glance
Why was this study conducted?
This study was conducted to validate the superiority of the GlucoStabilizer
(Indiana University Health Inc, Indianapolis, IN) softwareebased insulin dosing
program over standard insulin chart-based protocols in intrapartum glycemic
treatment of women with diabetes mellitus that requires intravenous insulin
infusion.
Key Findings
In women with diabetes mellitus that requires intrapartum insulin infusion, the
use of the GlucoStabilizer softwareeguided insulin dosing program improves the
rate of glucose concentration in target range (70e100 mg/dL; 3.9e5.5 mmol/L) at
the time of delivery, without increasing hypoglycemic episodes.
What does this add to what is known?
This is the ﬁrst study to demonstrate the utility of a software-guided insulin
dosing program in intrapartum treatment of women with pregestational and
gestational diabetes mellitus with the ability to individualize insulin dosing based
on an individual’s response to treatment.
settings, use of GlucoStabilizer software
has been validated to be superior to
standard paper protocols for insulin
dosing in decreasing glucose variability,
improving glycemia, and minimizing
hypoglycemia.7-10 Juneja et al7 performed a retrospective study of 2398
patients who were admitted to the
intensive care unit and who required an
insulin infusion, assessing glycemic
levels before and after implementation
of the GlucoStabilizer software program.

The percentage of measurements <110
mg/dL (6.1 mmol/L) in the intensive
care units in the 3 months before introduction of the GlucoStabilizer program
was 31.5%, compared with 51.5% in the
3 months after introduction of the software (P<.001).
With the established safety and
efﬁcacy of software-guided insulin infusion dosing in critical care settings, our
institution implemented the use of the
GlucoStabilizer software program for

FIGURE 1

Standard insulin infusion chart

The standard insulin infusion chart used in our institution before implementation of the softwareguided insulin dosing system.
Dinglas et al. GlucoStabilizer insulin dosing and intrapartum glycemic management. Am J Obstet Gynecol 2018.
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insulin infusion dosing in the intrapartum period in women who require an
insulin infusion in labor. We performed
a retrospective study comparing intrapartum glycemia in women who were
treated after implementation of the
GlucoStabilizer software program vs a
standard intravenous insulin dosing
chart before implementation at our
institution.

Materials and Methods
This was a retrospective cohort study
that evaluated pregnant patients with
diabetes mellitus who required an insulin infusion for glycemic management in
the intrapartum period from January
2012 through December 2017. At New
York University Winthrop Hospital,
laboring patients who require an insulin
infusion for intrapartum glycemic
management had been treated by a
standard paper intravenous insulin
dosing chart (Figure 1)6 until May 2016,
at which time the GlucoStabilizer software program was implemented.
The GlucoStabilizer software-guided
system is easy to operate, runs on a
hospital’s existing computer system and
can be interfaced with a hospital information system for documentation. It is
menu driven and provides alerts for
nursing staff for when to draw the next
point-of-care capillary blood glucose
measurement and how to adjust the rate
based on the patient’s glucose value that
has been entered into the system.7,8
Figure 2 gives an example of a patient
whose insulin was dosed with the GlucoStabilizer software program.
Using our electronic medical and
pharmacy database, we identiﬁed a total
of 39 patients with a diagnosis of pregestational or gestational diabetes mellitus
that required intrapartum
intravenous insulin infusion at the time
of delivery during the study period. The
intravenous insulin requirements for 23
patients were dosed with the use of
standard insulin dosing charts, and 16
patients were dosed with the use of the
GlucoStabilizer software program. We
excluded patients who were treated with
an intravenous insulin infusion for <2
hours because this could be insufﬁcient
time to demonstrate adjustments in
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FIGURE 2

Example patient’s insulin doses
calculated by the GlucoStabilizer
(Indiana University Health Inc,
Indianapolis, IN) software
program

An example of a patient’s insulin doses calculated by the GlucoStabilizer software program
that demonstrates the glucose reading, insulin
sensitivity factor (shown as multiplier), and the
calculated drip rate administered.
Dinglas et al. GlucoStabilizer insulin dosing and intrapartum glycemic management. Am J Obstet Gynecol 2018.

insulin dose and response to such adjustments. For our analysis, data for 22
patients whose insulin infusions were
dosed by a standard insulin dosing chart
were compared with 11 patients whose
insulin infusions were dosed by a
software-guided insulin infusion dosing
system, the GlucoStabilizer software
program. Point-of-care capillary blood
glucose concentration was measured
hourly for both groups during the time
of treatment. An intrapartum glucose
target range of 70e100 mg/dL (3.9e5.5
mmol/L) was used during both study
periods. We used an upper target
threshold of 100 mg/dL (5.5 mmol/L),
with other studies demonstrating that
lower intrapartum plasma glucose levels
may be associated with a lower incidence
of neonatal hypoglycemia.11,12
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Maternal characteristics, glucose
values during labor, and neonatal outcomes were extracted from delivery and
neonatal records. The primary outcome
was the percentage of women who
achieved glucose values in the target
range deﬁned as capillary blood glucose
measurements of 70e100 mg/dL
(3.9e5.5 mmol/L) before delivery. We
chose the percentage of women who
achieved glucose values in the target
range as our primary outcome because
it serves as a test or measure to establish
the superiority of the GlucoStabilizer
software program over standard insulin
dosing chart-based protocols in intrapartum management. Validation of the
use of a software-guided insulin dosing
program in obstetrics has not been reported previously. We undertook a
sample size analysis to evaluate a difference in the primary outcome (proportion of subjects with optimal
glucose values during labor) with the
following assumptions: type I error of
0.05 for a 2-sided test, type II error of
0.1 (power of 90%), baseline proportion of women with optimal glucose
values before the intervention of 10%,
and the proportion of women with
optimal glucose values after to the
intervention of 75%. With these assumptions, we would require a study
size of 10 subjects per group (20 total)
to demonstrate a clinically meaningful
difference in the primary outcome.
Secondary outcomes included mean
capillary glucose values (milligram per
deciliter) while being treated with an
insulin infusion, episodes of maternal
hypoglycemia deﬁned as glucose <60
mg/dL (3.3 mmol/L), and neonatal
outcomes (which included mean initial
neonatal glucose values after delivery
(milligrams per deciliter), admission to
neonatal intensive care unit secondary to
hypoglycemia, diagnosis of respiratory
distress
syndrome,
or
hyperbilirubinemia that required phototherapy). Parametric and nonparametric
statistics were used to compare both
groups; a probability value of <.05 was
statistically signiﬁcant. Fisher’s Exact test
for categoric variables and 2 independent samples t-test for continuous variables were used.
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Results
In total, 22 patients who were dosed with
the use of a standard insulin dosing chart
were compared with 11 patients who
were dosed by the GlucoStabilizer software program in our analysis. There
were no signiﬁcant differences in baseline characteristics between the 2 groups
with regards to maternal age, prepregnancy body mass index, type of diabetes
mellitus, gestational age at delivery, or
treatment with insulin (Table 1). Before
the initiation of the intravenous insulin
infusion, both groups had similar mean
capillary blood glucose values outside of
target range (standard insulin chart,
131.910.1 mg/dL [7.30.56 mmol/L]
vs the GlucoStabilizer software program,
122.68.8 mg/dL [6.70.49 mmol/L];
P¼not signiﬁcant; Table 2).
After initiation of the intravenous insulin infusion, software-guided insulin
dosing by the GlucoStabilizer software
program achieved mean capillary
glucose values much closer to the target
range than by standard insulin chart
based dosing (the GlucoStabilizer software program, 102.95.9 mg/dL
[5.70.33 mmol/L] vs standard insulin
chart, 121.75.9 mg/dL [6.80.33
mmol/L]; P¼.02; Table 2). Additionally,
81.8% of patients who were dosed by the
GlucoStabilizer software program achieved capillary blood glucose values in
the target range before delivery,
compared with 9.1% of patients who
were dosed by standard insulin charts
with a probability value of .0001
(Table 2). Figure 3 shows that the mean
capillary blood glucose value 1 hour
before delivery was 122 mg/dL (6.8
mmol/L) with standard insulin chart
dosing compared with 92.5 mg/dL (5.1
mmol/L) with the GlucoStabilizer software program, with a probability value
of <.05. In addition, we performed an
intention-to-treat analysis in which we
included all patients who received standard insulin chart dosing vs the GlucoStabilizer software program without
excluding those who were treated with
the infusion for <2 hours. The analysis
includes 23 patients who were dosed
with standard insulin chart dosing and
16 patients who were dosed with the
GlucoStabilizer software program. The
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TABLE 1

Baseline characteristics of patients included in the study

Patient characteristics

Standard insulin
infusion (n¼22)

GlucoStabilizer software
program (Indiana
University Health Inc,
Indianapolis, IN; n¼11)

Age, yb

30.15.1

32.52.5

.18

Prepregnancy body mass
index, kg/m2b

29.67.8

34.79.6

.12

Gestational age
at delivery, wkb

36.62.6

35.52.5

.11

Diabetes mellitus type, n (%)
1

.96
9 (41.0)

5 (45.4)

2

7 (31.8)

3 (27.3)

Gestational

6 (27.2)

3 (27.3)

17 (77.3)

10 (90.9)

Diabetes mellitus managed by
insulin, n (%)

P valuea

.64

Fisher’s Exact test for categoric variables; 2 independent samples t-test for continuous variables; b Values expressed as mean
standard deviation.
Dinglas et al. GlucoStabilizer insulin dosing and intrapartum glycemic management. Am J Obstet Gynecol 2018.
a

results still demonstrate that the percentage of patients with glucose values
within the target at delivery is still signiﬁcant (13% vs 75%), with a probability value of .002.
Along with the ability to maintain
glucose in target range, there were no
episodes of maternal hypoglycemia
while the patients were treated with the
GlucoStabilizer software program. There
were also no signiﬁcant differences in
neonatal outcomes (Table 2).

Comment
Principal findings
This study demonstrates the safety and
effectiveness of a computerized insulin
dosing program in the intrapartum
treatment of women with diabetes mellitus in pregnancy. In women with diabetes mellitus that requires an insulin
infusion in labor, intrapartum insulin
dosing with the GlucoStabilizer software
program led to a 9-fold increased rate of
glucose measurements in target range
(70e100 mg/dL; 3.9e5.5 mmol/L) at the
time of delivery compared with standard
insulin dosing charts. This study is the
ﬁrst to demonstrate that the use of a
software-guided intravenous insulin
dosing program in obstetrics can

improve intrapartum glycemia in
women with both pregestational and
gestational diabetes mellitus that is
treated with insulin infusions without
increasing maternal hypoglycemia.

Clinical implications
With the rising prevalence of obesity
coinciding with diabetes mellitus,
currently it is estimated that diabetes
mellitus affects approximately 8% of all
pregnancies.13 Maternal hyperglycemia
affects all stages of embryonic and fetal
development and is associated with signiﬁcant maternal and neonatal morbidities.14,15 Previous studies have shown
that maternal hyperglycemia before delivery is predictive of neonatal hypoglycemia and its associated morbidities.11,12
Symptomatic neonatal hypoglycemia
can result in brain injury that can be
detected by magnetic resonance imaging
and has been associated with long-term
neurodevelopmental delays.16-19 A
study by Curet et al20 demonstrated that
the intrapartum plasma glucose concentration had a stronger association
with decreased neonatal hypoglycemia
than antepartum plasma glucose levels.
Studies have also demonstrated that
maintaining maternal euglycemia in
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proximity to delivery also decreases the
risk of neonatal hypoglycemia.12,21 In a
study by Njenga et al,22 intravenous insulin infusion dosing during labor prevented neonatal hypoglycemia with a
mean blood glucose of 9440 mg/dL
(5.22.2 mmol/L) before delivery and
8533 mg/dL (4.71.8 mmol/L) just
before labor. Based on such observations, both the American College of
Endocrinology and American College of
Obstetricians and Gynecologists recommend maintaining maternal blood
glucose concentration at <110 mg/dL
(6.1 mmol/L) during labor.15,23
Methods for maintaining glycemic
targets include the close monitoring of
capillary blood glucose concentration
with increased monitoring frequency in
active labor and the initiation of an insulin infusion with persistently elevated
glucose values.14,24 Because maintaining
optimal glycemic target values can be
complex, strategies to reach these goals
should be evaluated, and softwareguided insulin dosing is a novel way to
achieve optimal intrapartum glycemia.
The superiority of the GlucoStabilizer
software program, compared with standard insulin dosing charts, is founded on
its ability to individualize insulin doses
based on an individual’s response to
treatment and not just based on glucose
measurements. This is a novel application to obstetrics that has been wellvalidated in critical care settings. This
program calculates the insulin dose with
the use of a validated formula: (blood
glucosee60)  insulin sensitivity factor¼insulin dose/hr. This formula was
derived originally to determine the basal
insulin requirements delivered via insulin pump and then validated in critical
care settings in individuals with varying
degrees of insulin resistance, with the use
of a variable insulin sensitivity factor.25,26 The insulin sensitivity factor is
started at 0.02 and is adjusted progressively until the formula calculates insulin
doses that bring glucose concentrations
to target range. With the capacity to
adjust the insulin sensitivity factor, this
formula can be applied to patients with
varying degrees of insulin resistance and
response to stress in labor, which makes
it ideal for intrapartum management of
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TABLE 2

Comparison of outcomes for standard insulin infusion vs GlucoStabilizer
software program (Indiana University Health Inc, Indianapolis, IN)
Variable
Patients with glucose within
target at delivery,b n (%)
Mean glucose value on
insulin infusion, mg/dLc
Maternal hypoglycemia, n (%)
Mean glucose value before
infusion, mg/dLc
Neonatal intensive care
unit admission for
hypoglycemia, n (%)

Standard insulin GlucoStabilizer software
infusion (n¼22) program (n¼11)
P valuea
2 (9.1)

9 (81.8)

121.75.9

102.95.3

1 (4.3)

0

131.910.1

122.68.8

.0001
.02
.99
.5

5 (22.7)

2 (18.2)

.99

62.020.1

55.218.6

.35

Neonatal respiratory distress
syndrome, n (%)

6 (27.3)

3 (27.3)

.99

Neonatal hyperbilirubinemia
requiring phototherapy, n (%)

10 (45.5)

7 (63.6)

.46

Neonatal glucose concentration
immediately after delivery, mg/dLc

Fisher’s Exact test for categoric variables; 2 independent samples t-test for continuous variables; b Target glucose defined as
70e100 mg/dL; c Values are expressed as meanstandard deviation.
Dinglas et al. GlucoStabilizer insulin dosing and intrapartum glycemic management. Am J Obstet Gynecol 2018.

a

both pregestational and gestational diabetes mellitus (Figure 2).
The added beneﬁt of using a softwareguided insulin dosing program is its
safety proﬁle. The Institute for Safe

Medical Practices lists insulin as 1 of 5
high alert medications, based on the
Institute for Safe Medical Practices
study27 of avoidable medication errors.
The GlucoStabilizer software program

FIGURE 3

Comparison of mean glucose values 6 hours before delivery: standard
insulin infusion vs GlucoStabilizer (Indiana University Health Inc,
Indianapolis, IN) software program

Original Research

reduces risk by calculating intravenous
insulin doses automatically and alerting
nurses with audible and visual alarms to
support timely dosing adjustments.

Strengths and weaknesses
One of the strengths of our study is that
we include women with pregestational
(type 1 diabetes mellitus and type 2 diabetes mellitus) and gestational diabetes
mellitus, which allows for utility of this
application in women with all degrees of
insulin sensitivity. This is attributed to the
ability of the GlucoStabilizer software
program to adjust insulin dosing based
on an individual’s response to treatment.
Also, our cohort of women who require
insulin treatment in labor would most
beneﬁt from optimization of maternal
glycemic treatment, because they represent a population at greatest risk for
maternal hyperglycemia with subsequent
neonatal hypoglycemia. We demonstrate
that our interventions show improvement in intrapartum glycemia in this
most vulnerable population. Although
using a standard insulin dosing protocol
is commonplace in intrapartum
management, its utility has not been
well-validated resulting in variations
in management among different institutions. Our study provides proof that
the use of a software-guided insulin
dosing program can be replicated easily in
other institutions, where similar software
tools are likely being used in their critical
care settings.
A major limitation of study is our
small sample size, which likely accounts
for our inability to demonstrate
improvement in neonatal outcome.
However, our study was adequately
powered for our primary outcome.

Conclusions

The effectiveness of the GlucoStabilizer software program is shown in reaching target glucose values
before delivery compared with standard insulin dosing chart-based protocol.
Dinglas et al. GlucoStabilizer insulin dosing and intrapartum glycemic management. Am J Obstet Gynecol 2018.

Intrapartum glycemic management is
important for both the mother and fetus
because labor can challenge maternal
requirements for both glucose and insulin. The achievement of strictly
deﬁned glycemic targets can help reduce
maternal and neonatal morbidity. Based
on our ﬁndings, we demonstrate the
beneﬁt of software-guided insulin infusion dosing in obstetrics to optimize
intrapartum glycemic treatment in
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women with both pregestational and
gestational diabetes mellitus.

Research implications
We used the percentage of women who
achieved glucose values in target range as
our primary outcome to establish the
superiority of the GlucoStabilizer software program over standard insulin
dosing chartebased protocol in intrapartum management. Prospective randomized multicentered studies are
needed to determine whether such
improvement in maternal glycemia in
labor leads directly to decreased neonatal
hypoglycemia and other potential obstetric and neonatal beneﬁts.
n
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