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Abstract For women with type 1 diabetes (T1DM), type 2
diabetes (T2DM), and gestational diabetes (GDM), poor ma-
ternal glycemic control can significantly increase maternal
and fetal risk for adverse outcomes. Outpatient medical and
nutrition therapy is recommended for all women with diabetes
in order to facilitate euglycemia during the antepartum period.
Despite intensive outpatient therapy, women with diabetes
often require inpatient diabetes management prior to delivery
as maternal hyperglycemia can significantly increase neonatal
risk of hypoglycemia. Consensus guidelines recommend ma-
ternal glucose range of 80-110 mg/dL in labor. The most
optimal inpatient strategies for the prevention of hyperglyce-
mia and hypoglycemia proximate to delivery remain unclear
and will depend upon factors such as maternal diabetes diag-
nosis, her baseline insulin resistance, duration and route of
delivery etc. Low dose intravenous insulin and dextrose pro-
tocols are necessary to achieve optimal predelivery glycemic
control for women with TIDM and T2DM. For most with
GDM however, euglycemia can be maintained without intra-
venous insulin. Women treated with a subcutaneous insulin
pump during the antepartum period represent a unique chal-
lenge to labor and delivery staff. Strategies for self-managed
subcutaneous insulin infusion (CSII) use prior to delivery
require intensive education and coordination of care with the
labor team in order to maintain patient safety. Hospitalization
is recommended for most women with diabetes prior to deliv-
ery and in the postpartum period despite appropriate outpa-
tient glycemic control. Women with poorly controlled
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diabetes in any trimester have an increased baseline maternal
and fetal risk for adverse outcomes. Common indications for
antepartum hospitalization of these women include failed
outpatient therapy and/or diabetic ketoacidosis (DKA).
Inpatient management of DKA is a significant cause of ma-
ternal and fetal morbidity and remains a common indication
for hospitalization of the pregnant woman with diabetes.
Changes in maternal physiology increase insulin resistance
and the risk for DKA. A systematic approach to its manage-
ment will be reviewed.
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Introduction

Good antenatal care, frequent glucose self-monitoring, and
medical-nutritional therapy are associated with improved gly-
cemic control and a reduction in the risk of adverse maternal
and neonatal outcomes for women with diabetes in pregnancy
[1]. Inpatient management of diabetes during pregnancy can
present unique challenges for both the patient and her obste-
trician. Despite appropriate outpatient antepartum care, mater-
nal hyperglycemia in labor can increase the risk for neonatal
hypoglycemia [2—4, 5¢]. For women with significant insulin
resistance who are poorly controlled and remote from deliv-
ery, antepartum hospitalization may be required for optimiza-
tion of therapy and patient education. DKA is associated with
significant maternal/fetal morbidity and mortality. The in-
creasing insulin resistance of pregnancy places women with
T1DM and T2DM at significant risk for DKA. Rare cases of
DKA for women with GDM have also been reported. This
paper will review inpatient management strategies for women
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with diabetes who require hospitalization for (1) intrapartum
and postpartum care, (2) U-500 regular insulin administration
due to poor glycemic control, and (3) DKA.

Intrapartum Diabetes Management

The goals of intrapartum management for women with dia-
betes in pregnancy are to prevent maternal hyperglycemia,
minimize the risk of maternal hypoglycemia, and optimize
short term neonatal outcome [1]. Despite good antepartum
glycemic control, there is a positive correlation between the
risk of neonatal hypoglycemia postdelivery and maternal gly-
cemia in labor [4, 6]. Intravenous insulin and dextrose proto-
cols used to maintain euglycemia for the laboring patient are
associated with a significant reduction in the risk of neonatal
hypoglycemia for women with pregestational and gestational
diabetes [6-8].

Fetal Risk and Maternal Intrapartum Glucose Targets

It has been estimated that up to 50 % of infants born to diabetic
mothers will experience hypoglycemia after birth [4, 9].
Clinical consequences for the neonate depend upon the severity
and duration of hypoglycemia, the underlying etiology, and the
need for transfer to the ICU [9]. Neonatal hypoglycemia is
more likely to occur for fetuses that are born to diabetic women
with poor glycemic control and/or are macrosomic [2—4, 5e].
Infants of poorly controlled diabetic mothers can develop islet
cell hyperplasia and baseline hyperinsulinemia in utero during
the antepartum period. They are at risk for clinically significant
neonatal hypoglycemia when maternal glucose transfer ceases
with delivery [2—4, 5¢]. The maintenance of euglycemia for
diabetic women in labor has been demonstrated to reduce but
cannot eliminate neonatal hypoglycemia particularly for those
fetuses with diabetic fetopathy in utero due to poor antepartum
glycemic control [10].

Predelivery diabetes management is influenced by mater-
nal diabetes diagnosis, baseline insulin sensitivity, the prog-
ress of labor, and its duration. Women with TIDM require
administration of glucose and insulin during prolonged labor
in order to prevent ketosis. Those with GDM and T2DM have
insulin requirements that vary depending upon the duration of
maternal disease, stage of labor, antepartum glycemic control,
and baseline insulin resistance. Insulin requirements for wom-
en with GDM may be influenced by gestational age at diag-
nosis and her risk for overt T2DM. Historically, initial pub-
lished reports either described the use of an insulin protocol
for type 1 diabetics in labor or included a mixed population of
women with both GDM and T1 or T2DM [6, 10-14]. Less is
known regarding the comparative efficacy of these protocols
for each population separately.
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Several intravenous insulin/glucose protocols have been
published for the maintenance of euglycemia during labor.
There are few, if any, randomized controlled trials available as
best evidence to support one management approach over the
others. A target glucose range of 70-110 mg/dL (3.6—
6.1 mmol/L) in labor for both gestational and pregestational
diabetics is supported by the American College of Obstetrics
and Gynecology (ACOG) and the American College of
Endocrinology (ACE) [1, 15]. Several studies suggest that
higher levels of maternal glycemia [glucose >126 mg/dL
(7 mmol/L)] may be safely permitted during labor without
increasing neonatal hypoglycemia risk. In a retrospective
evaluation of 107 women with TIDM in labor by Taylor
et al 46 % of the neonates had persistent hypoglycemia (glu-
cose <45 mg/dL) [7]. The authors did not identify a significant
correlation between neonatal hypoglycemia and maternal glu-
cose when it was maintained within a target range of 4.0—
8.0 mmol/L (72—144 mg/dL) during labor. They did identify,
however, a significant negative correlation between more
severe maternal glycemia (glucose >8 mmol/L (144 mg/dL)
and neonatal hypoglycemia. These results were confirmed in
other studies and suggest that maternal glycemia 15-30 mg/
dL above the consensus threshold of 110 mg/dL may be
permissible without significantly increasing neonatal risk
[16, 17]. These studies further suggest that neonatal hypogly-
cemia may occur despite euglycemia in labor. The correlation
between neonatal hypoglycemia, intrapartum maternal glyce-
mia, and markers of antepartum maternal glycemic control
require further study.

The demands of labor necessitate glucose as an energy
source. Oral intake during labor is restricted at many institu-
tions due to maternal aspiration risk. Women with T1IDM
require glucose supplementation in order to keep capillary
glucose values within target range and reduce the risk for
ketosis. In the latent phase of labor, women with T2DM and
GDM may have sufficient glycogen stores to keep capillary
glucose >70 mg/dL without supplemental dextrose solutions.
Glucose requirements increase, however, with prolonged la-
bor induction, during the active phase of labor, and with
maternal pushing [2].

Several excellent glucose/insulin infusion protocols have
been published [1, 2, 7, 18, 19¢]. Figure 1 depicts elements of
the computerized insulin infusion protocol utilized at our
institution. This protocol is one of several options available
to the practitioner for glycemic control in labor and generates
insulin infusion rates that are comparable with those identified
in protocols proposed by ACOG and the ADA Technical
Reviews and Consensus Recommendations for Care [1, 18].

The insulin protocol used for our obstetric population was
adopted in 2010 due to its integration with a point of care
based electronic order entry system and is a modification of
previously published protocols first utilized in critically ill
patients at our institution [20-22]. A comparative analysis of
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Fig. 1 Screen view of computerized intravenous insulin therapy proto-
col. If maternal glucose is >110 mg/dL on 2 separate occasions, intrave-
nous insulin is ordered as detailed above. A target glucose range of 80—
110 mg/dL is set for all laboring obstetric patients. D5 Normal saline is
ordered at 125 cc/h for maintenance fluid if not previously ordered. The
computer calculates an insulin drip rate using the following formula:
insulin dose (units/hour)=(current glucose (mg/dL) — 60) x multiplier.
The multiplier is set at 0.03 but can be d by 0.01 or decreased by 0.01 to
0.02 depending upon subsequent glucose values. An initial glucose value

maternal and fetal outcomes for pregestational and gestational
diabetic women will be necessary in order to determine the
benefits and limitations of a computer based intravenous
insulin protocol compared with the traditional paper-based
intravenous insulin algorithms currently available.

For women with GDM who are diet controlled during the
antepartum period, delivery can occur without the need for
intravenous insulin. Up to 65 % of women with GDM who
have a fasting glucose<95 mg/dL at diagnosis can achieve
optimal antepartum glycemic control with nutrition alone and
as such are at low risk for hyperglycemia in labor [19e, 23].
Flores-Le Roux performed a prospective observational study
of 129 women with GDM in labor. Eighty-six percent of study
participants had capillary glucose values within target range
for their institution (3.3 compared with 7.2 mmol/L) or (59.6
compared with 129.6 mg/dL) and did not require insulin [ 19°].

B Horoon Expert Order

of 115 would trigger an insulin drip rate of 1.7 units/hr. Nurses enter
hourly capillary glucose values into a separate “dose titration page” and
the computer algorithm will recommend a modification of the drip rate
hourly as indicated to keep glucose within target range. The nurse will
either accept or speak with the ordering physician to modify the drip rate
based upon the patient’s clinical status. The program saves all capillary
glucose values and modifications to the insulin drip rate in the electronic
medical record

A maternal glucose target of 7.2 mmol/L (129.6 mg/dL) was
selected as the upper limit of normal for this population based
upon prior studies that failed to identify neonatal hypoglycemia
below this threshold [7, 17, 24, 25]. Maintaining euglycemia in
labor for women with GDM may also be possible without
insulin by rotating dextrose and nondextrose containing solu-
tions [16, 26]. Additional research is needed for women with
GDM in order to identify an evidence based protocol that will
facilitate maternal glycemic control, limit insulin use when not
indicated, and reduce the risk of neonatal hypoglycemia.
Patients with diabetes in labor who require intravenous
insulin are at risk for hypoglycemia if glucose administration
is insufficient for maternal demand. Prompt recognition and
management of hypoglycemia are important in order to min-
imize provider error and maternal/fetal risk. Baseline serum
glucose levels are 20 % lower in pregnancy compared with the
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nonpregnant state and as such, women with diabetes are at
significant risk for symptomatic and asymptomatic hypogly-
cemia [27]. The management of hypoglycemia in pregnancy
is complicated by lack of consensus regarding its definition.
The ADA and The Endocrine Society define hypoglycemia as
plasma glucose less than 70 mg/dL [28e¢]. In pregnancy,
ACOG and others report fasting glucose of 60 mg/dL to be
the lower end of normal range, with mild hypoglycemia
defined as a glucose <60 mg/dL [1, 23, 27, 29, 30]. An
example of the hypoglycemia protocol on our obstetrics unit
is described in Table 1.

Cesarean Delivery

Women with insulin requiring pregestational diabetes are
encouraged to take a reduced dose of intermediate/long acting
insulin the evening prior to delivery if the cesarean will start
early the next day. For women with GDM, insulin dosing the
night prior to delivery will depend upon baseline maternal
insulin resistance and her antepartum medication require-
ments. The day of surgery, the patient should have nothing
by mouth and surgery is best scheduled early in the day in
order to prevent prolonged fasting related hypoglycemia [29].

For all diabetic women, a capillary glucose is tested at
hospital admission and hourly thereafter. They are hydrated
with nondextrose containing solution if glucose is 70—-110 mg/
dL, given dextrose only if glucose <70 mg/dL, and is given
insulin/dextrose infusion if glucose >110 mg/dL twice in a row.

With epidural or spinal anesthesia placement, nondextrose
containing crystalloid is bolused in order to prevent maternal

hypotension and maintain uteroplacental perfusion. Whenever
possible, glucose supplementation should be given separately
with a smaller volume of IV fluid in order to minimize
administration error. At our institution, the bag and tubing
for all insulin and dextrose containing solutions are clearly
labeled in order to minimize medication and communication
errors between anesthesia and nursing staff. Once target cap-
illary glucose is reached, the intravenous insulin is discon-
nected prior to operating room (OR) transfer in order to
minimize fluid administration errors during anesthesia. In
the OR, capillary glucose is checked hourly, and dextrose
alone or dextrose/insulin may be indicated depending upon
maternal glucose and procedure duration. If the intravenous
insulin is restarted in the OR due to delay in delivery, the
patient is at risk for hypoglycemia and should be followed
closely once the placenta is delivered.

Intrapartum Management of Patients Using
a Self-Managed Continuous Subcutaneous Insulin
Infusion (CSII)

Women with pregestational diabetes who are managed during
the antepartum period with CSII, present a unique challenge
prior to delivery [29, 32]. Options for diabetes management
intrapartum include discontinuation of the CSII and initiation
of intravenous insulin, or continued use of the CSII [29, 31,
32]. In the absence of endocrine or inpatient diabetes man-
agement team consultation, discontinuation of the device may
be preferred. For patient safety, we encourage the develop-
ment of institution and unit specific protocols for CSII use

Table 1 Hypoglycemia Treat-

ment Algorithm based upon bed-
side fingerstick glucose testing

Repeat glucose testing 15-30 min
after initial therapy, if <70 mg/dL
repeat therapy and notify MD
Wait until glucose is >70 on two
occasions before resuming stan-
dard glucose and insulin orders

*Preferred
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Glucose 6070 mg/dL
Symptomatic and Alert

Give one of the following:

If patient can eat:

15-20 g simple carbs

8 oz milk/4 oz juice or
Peanut butter and crackers or
Glucose tablets or gel*

If patient is NPO:

Administer 20-30cc
D50 1V, then
D5NS at 125 cc/h

If no IV access:
Glucagon 1 mg IM x 1,
place IV, start DSNS at 125 cc/h

Glucose<60 mg/dL
Alert patient

Give one of the following:

If the patient can eat:
15-20 g simple carbs
Glucose tables/Glucose Gel*

8 o0z milk/ juice

If patient is NPO:

Administer 20-30cc
D50 IV, then
D5NS at 125 cc/h

If no IV access

Glucagon 1 mg IM x 1.

Place 1V, start DSNS at 125 cc/h

Glucose<60 mg/dL
Altered mental status

Notify MD and/or hospital
emergency response team.
Do not delay therapy.
Give one of the following:

If IV access:

50 cc D50 IV (1 amp) and
start D5 NS at 125 cc/hr
If no IV access:

Glucagon 1 mg IM,
Obtain IV access and

Start D5 NS at 125 cc/h




Curr Diab Rep (2014) 14:457

Page 5 of 10, 457

with labor. At our institution, the CSII is discontinued once
glucose values are outside of the target range (70-110 mg/dL)
and the patient is given intravenous insulin per protocol.
Continued use of the CSII intrapartum would necessitate
frequent evaluation of pump basal insulin rates and carbohy-
drate bolus settings as the patient progresses through delivery
and enters the postpartum period. Coordinated care of the
patient necessitates communication between obstetrics, nurs-
ing staff, and the endocrine inpatient diabetes management
service as indicated, in order to minimize the risk of glucose
excursions above or below target range prior to delivery. If
CSII continuation is planned, the patient’s prelabor basal rate
may need to be reduced by 50 % or more during the active
phase of labor and in the postpartum period [29]. Situations
impairing patient cognition, such as the administration of pain
medication, anesthesia, etc should necessitate transition from
CSII therapy to alternative management, which is not patient
dependent. Several excellent references regarding hospital
protocols for CSII use are available for review [33-36].

Postpartum

The insulin resistance of pregnancy ends abruptly with deliv-
ery of the placenta. Maternal insulin requirements decrease by
one-third to one-half [1, 29]. Postpartum fasting and postmeal
glycemic parameters are less stringent compared with those
expected of pregnancy. In noncritically ill hospitalized pa-
tients, the ADA considers a fasting glucose of <140 mg/dL
and a random glucose of <180 mg/dL acceptable. It is ac-
knowledged however, that lower glucose values are permissi-
ble for those with a history of tighter glucose control prior to
hospital admission [37]. The target glucose values, which
would best facilitate cesarean section wound healing, have
not been well studied and remain unclear. We recommend a
fasting glucose of <110 g/dL and post meal glucose values of<
160 mg/dL particularly for women with delivery by cesarean,
these recommendations are consistent with those previously
published (fasting <100 mg/dL, postmeal <150 mg/dL) [38].
For women who are in the immediate postoperative state,
carbohydrate intake during the first 12-24 hours may be diffi-
cult to anticipate. The administration of short acting insulin by
sliding scale can provide coverage as necessary with meals
until a solid diet can be tolerated [29, 38]. Women with TIDM
and T2DM may a resume short/long acting insulin regimen at
half the predelivery doses. Continuation of long-acting basal
insulin is extremely important in women with T1DM, in order
to prevent the risk of DKA. Women using a CSII may restart
with reduction of predelivery basal rates by half. Predelivery
carbohydrate ratios may be decreased by half to a third.
Depending upon baseline insulin sensitivity, a percentage
of women with T2DM may not require medication therapy in
the immediate postpartum period. Both metformin and

glyburide are safe with breastfeeding [38]. However, these
oral medications should be utilized only if necessary in the
setting of documented hyperglycemia. Lifestyle modification
to promote weight loss and subsequent improvement in insu-
lin sensitivity should be recommended to all that need it and
may reduce the requirement for oral hypoglycemic agents
postpartum. Upon discharge to home, we recommend women
with pregestational diabetes continue capillary glucose testing
pre and postmeals until insulin requirements have been
established. Prompt follow-up with an endocrinologist or
internist, in order to optimize insulin dosing and further sim-
plify glucose testing frequency is encouraged. According to
the ADA, the optimal testing frequency for women with
T2DM on oral agents is unclear [39+¢]. We recommend con-
tinued daily fasting glucose testing for women on oral agents
until there is outpatient follow-up.

Most women with GDM will no longer have glucose
intolerance after delivery of the placenta. It is estimated how-
ever, that women with GDM have up to a 50 % risk of
developing type 2 DM over time [23]. Further, a small per-
centage of women with GDM in the index pregnancy are at
risk of overt T2DM or impaired glucose tolerance undiag-
nosed prior to pregnancy. Those with GDM who are most at
risk for postpartum hyperglycemia and T2DM are women
with: morbid obesity, a first or second trimester diagnosis of
GDM during the index pregnancy, a significant insulin re-
quirement prior to delivery (100—150 units/day), and prior
history of GDM with no formal testing postpartum [38].
Diagnostic testing for T2DM is recommended per ADA
guidelines in the outpatient setting by 6 weeks postpartum
after the effects of pregnancy have resolved [23, 39e°].

U-500

For women with pregestational diabetes, baseline insulin re-
quirements can increase by up to 3-fold in the third trimester
[40]. Women taking 75—-100 units/day of insulin or more prior
to pregnancy may require an escalation of insulin dosing and
more frequent insulin administration during the second and
third trimesters. A frequent dosing regimen with large vol-
umes of insulin may diminish insulin efficacy due to poor
absorption, increase the risk of noncompliance, increase med-
ication costs, and result in poor glycemic control.
Subspecialists are often asked to comment upon the benefits
and risks of concentrated U-500 regular insulin compared
with standard U-100 insulin, for women who fail standard
therapy. While several case reports have been published de-
scribing successful use of U-500 in pregnancy, we would
caution against widespread adoption of this medication in
the absence of evidence-based recommendations to support
patient selection, efficacy, and safety in pregnancy. A brief
review of U-500 and its use in pregnancy are detailed below.
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U-500 regular insulin (U-500) has been used in patients
with significant insulin resistance. Patient compliance with
previously prescribed U-100 should be confirmed and
U-500 therapy should be considered only if the patient is
unable to maintain euglycemia, despite U-100 treatment. It
is associated with fatal medication errors as reported to the
FDA and is a “high alert medication” by the Institute for Safe
Medication Practice due to patient risk should a dosing error
occur [41, 42]. U-500 contains 500 units insulin/ml and is 5-
fold more concentrated than the U-100 insulin commonly
used in pregnancy. The higher concentration is potentially
advantageous in that it can be administered in a volume that
is 80 % less than expected with an equivalent dose of U-100
insulin [43¢]. The concentration of U-500 is associated with a
prolonged absorption time and a pharmacokinetic profile that
is more similar to NPH than to Regular insulin. U-500 insulin
has a 30 minutes onset of action, time to peak effect of 2—
4 hours, and duration of action of 10-24 hours [41]. U-100
regular insulin, in comparison, has a duration of action of 4—
6 hours.

U-500 insulin has been well studied in the nonpregnant
population, however, little is known, regarding its efficacy and
safety in pregnancy [41, 43, 44, 45]. Despite recent case
reports, caution against widespread use of U-500 in pregnancy
is recommended due to safety concerns and the risk of hypo-
glycemia [46-48]. If the decision is made to initiate U-500,
appropriate education for the patient, her family, and any
hospital staff involved with drug administration is important.
We do recommend intravenous infusion with U-100 regular
insulin protocols while in labor and immediately prior to
cesarean in order to minimize errors. Hospitals are encouraged
to develop institution specific protocols in order to ensure
appropriate medication labeling, storage, and administration.
The reader is referred to several excellent references with
protocols designed to address U-500 safety concerns in hos-
pitalized patients [43e, 49-51].

Currently there are no consensus guidelines regarding ideal
patient selection for U-500, several authors suggest that it may
be considered if the patient requires >200—-300 units of U-100
insulin per day. For medication initiation, the current total
daily dose of insulin is calculated, and divided into 2-3 doses
throughout the day [41, 43+, 52]. The actual U-500 dose and
volume administered can be calculated by dividing the total
U100 dose for each injection by 5.

Keeping this in mind, if the patient receives 100 units of
U-100 insulin 3 times daily, this would be equivalent to a
U-500 dose of 20 units, which is a volume of 0.2 ml on a
tuberculin syringe or equivalent to 20 unit “marking” on a
U-100 insulin syringe. Clearly patient education and nursing
education regarding the exact volume of U-500 to be admin-
istered is needed in order to prevent inadvertent dosing errors.
U-500 insulin is not widely available in all pharmacies and is
dispensed in insulin vials, which are shaped differently from
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U100 insulin. Careful patient selection, a discussion with the
patient regarding the limited data supporting the use of this
insulin in pregnancy, and close follow-up after insulin initia-
tion are recommended if U-500 is determined to be the best
alternative to U-100 during the antepartum period.

Diabetic Ketoacidosis

Diabetic ketoacidosis (DKA) has an incidence of 2 %3 %
and remains a leading cause of maternal morbidity and fetal
mortality [53-56].

DKA develops as a result of relative insulin deficiency,
inadequate glucose utilization at the cellular level, and the
exaggerated counter regulatory response that occurs as a result
[57-61].

Pregnancy does not alter the basic pathophysiology of
DKA. Hormones and hormone levels unique to pregnancy
can, however, predispose diabetic women to ketosis, diminish
insulin sensitivity, and enhance the counter-regulatory re-
sponse to relative insulin deficiency. During pregnancy there
is increased production of human placental lactogen, cortisol,
prolactin, and estrogen. These hormones promote insulin re-
sistance and the production of free fatty acid/amino acid
substrates, which can be used as an alternate energy source
by the mother, fetus, and placenta. Baseline maternal insulin
production is increased in pregnancy compared with the non-
pregnant state and is characterized by insulin secretion that is
1.5- to 2-fold higher in early pregnancy, and 3-fold higher in
late pregnancy compared with nonpregnant controls [40]. For
women with diabetes, the degree of insulin resistance in
pregnancy is such that there is decreased utilization of glucose
at the cellular level and relative hyperglycemia occurs as a
result [62].

DKA classically presents in pregestational diabetics with
moderate-to-severe hyperglycemia. In pregnancy however,
DKA can present with less hyperglycemia (glucose
<200 mg/dL) due to greater baseline propensity to ketogenesis
and lower serum bicarbonate concentration [54, 63, 64]. Rare
cases of normoglycemic DKA in women with pregestational
and gestational diabetes have also been reported [59, 63, 65].
Cullen et al identified a cohort of 11 pregnant diabetic women
with DKA from 1985-1995 [53]. Thirty—six percent had a
blood glucose of 130-200 mg/dL at initial presentation. Chico
et al reported their experience in a woman with euglycemic
T1DM (glucose 87 mg/dL) with starvation ketoacidosis due to
prolonged delay in insulin administration with labor induction
[65]. Many of the gestational diabetics with DKA identified in
case series are obese, have risk factors for overt T2DM, or
have unique stressors related to pregnancy as the precipitating
event [59, 63, 64, 66].

Infection, while significant, may not be the most common
precipitating factor for DKA in pregnancy. Montoro et al
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presented a case series, in which noncompliance or cessation
of insulin therapy during pregnancy was determined to be
either a primary or contributing factor in 40 % of women.
Infection and undiagnosed diabetes were identified as the
etiology in 20 % and 30 % of women admitted with DKA,
respectively [54]. A retrospective review of 64 women with
DKA in pregnancy by Rodgers and Rodgers identified refrac-
tory emesis and use of beta-sympathomimetics for tocolysis as
the most common precipitating factors [56]. Other common
precipitating factors reported include use of corticosteroids for
fetal lung maturity, poor management of hyperglycemia, and
insulin pump failure [1, 62, 67, 68].

Diabetic Ketoacidosis: Presentation, Diagnosis,
and Management

The presenting signs, symptoms, laboratory studies, and rec-
ommended management principles for DKA are summarized
in Table 2. Duration of therapy is individualized to the patient
and has the following aims:

(1) Aggressive hydration to correct the volume deficit, im-
prove circulatory volume, and improve uterine perfusion

(2) Insulin therapy

(3) Correction of electrolyte abnormalities

(4) Identification and treatment of precipitating cause

(5) Assess fetus response to therapy.

The reader is referred to several excellent references for
detailed inpatient management algorithm options [1, 58,
61, 62].

Fetal response to DKA

Our understanding of the fetal response to maternal metabolic
acidosis is limited to that obtained from changes in the fetal
heart rate observed during maternal therapy and animal
models of acidosis [55, 58, 61, 62]. Maternal insulin does
not cross the placenta. Fetal pancreatic beta cells produce
insulin in response to hyperglycemia after 20 weeks gestation.
Throughout pregnancy, however, maternal glucose, free fatty
acids, and ketones cross the placenta freely and increase fetal
risk for hyperglycemia and acidemia. The fetal response to
maternal DKA is unknown but is likely influenced by fetal
maturity, the severity and duration of maternal acidosis, and
uteroplacental blood flow.

Delivery due to transient changes in the fetal heart rate
during initial management of the mother is not indicated
as fetal status is expected to improve with maternal therapy
[58, 69]. Fetal monitoring during the acute phase of
maternal resuscitation should only be undertaken if the

Table 2 Simplified algorithm for treatment of DKA in pregnancy. [1, 58,
62, 67-69]

Management of DKA in pregnancy

Presenting signs and symptoms: nausea, emesis, malaise,
confusion, agitation, fruity odor to breath, dehydration, abdominal
pain, polyuria, polydipsia, hypotension, tachycardia, tachypnea,
hyperventilation

Associated events and precipitating factors: maternal non-compliance
with insulin therapy, inadequate prescribing of insulin, infection,
subcutaneous insulin pump use, maternal glucocorticoid
administration, maternal beta sympathomimetic administration,
pregnancy in an undiagnosed type 2 diabetic, drug use, myocardial
infarction

1 Laboratory assessment.
Calculate anion gap: positive>12 mEq/L.
Measure serum acetone: positive 1:2 or greater.

Confirm serum glucose: positive result is variable and may
be>200 mg/dL or<200 mg/dL.

Confirm bicarbonate: (Positive<15 mEgq/L).
Obtain arterial blood gas: pH <7.3.

Order baseline electrolytes, repeat electrolyte testing at 2—4
h intervals.

2 Insulin if no IV access - load with 0.1 U/Kg IM.
With IV access, bolus regular insulin 0.1 U/kg.
Maintenance-regular insulin 0.1U/kg/hr.
-Continue until serum acetone is negative.

-IM loading with insulin may be poorly absorbed due to maternal
hypovolemia and reduced tissue perfusion.

3 Fluids - calculate fluid deficit.

Start with Isotonic saline 1 liter bolus in first hour, Run second liter at
500 cc/hr.

Can switch to 1/2 NS depending upon serum Na + and run at
250 cc/h until 80 % fluid deficit is replaced in 24 hr.

Add dextrose to IVF if glucose is <250 mg/dL.
4 Potassium
If normal add 20 mEq to maintenance IVF.
If reduced, supplement 2040 mEq.
If elevated follow serially and then replace once K+ normalizes.

5 Bicarbonate: Consider transfer to ICU with bicarb administration per
team parameter.

6 Fetal monitoring may be considered only if it can be used to

optimize maternal condition as fetal status will improve with
maternal resuscitation efforts.

information obtained will be useful with regard to optimiz-
ing maternal management. At our institution, we do not
perform prolonged fetal heart rate monitoring until maternal
stability for an operative delivery is assured. The use of
corticosteroids for fetal lung maturity may be considered in
women with DKA only if they remain at high risk for
preterm delivery after resolution of the maternal metabolic
derangement.
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Conclusions

Hospitalization of pregnant women with diabetes is indicated
in order to reduce maternal and fetal risk for adverse outcomes.
Intravenous insulin and dextrose protocols may be employed
to keep maternal glucose within target range prior to delivery.
Further research is necessary to determine if the maternal
glucose threshold can be expanded to include more moderate
degrees of hyperglycemia without increasing maternal and/or
fetal risk. Use of a subcutaneous insulin pump and U-500
insulin require patient and staff education in order to deliver
consistent patient care and maintain patient safety. DKA re-
mains a significant cause of morbidity and mortality. The
incidence of DKA is increased in pregnancy due to changes
in maternal physiology. The treatment of DKA in pregnancy is
similar to that offered for all adults with DKA. Prompt recog-
nition of disease, maternal hydration, and prompt insulin ther-
apy are necessary in order to reduce maternal and fetal risk.
Excellent teamwork and education of all team members in the
various nuances of management of the pregnant hospitalized
patient, translates into the best outcomes for mother and baby.
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