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Preface

This edition of the Manual of Neonatal Care has been completely updated and ex-
tensively revised to reflect the changes in fetal, perinatal, and neonatal care that have
occurred since the sixth edition. In addition, we welcome Anne Hansen from Harvard
as a new editor and collaborator.

In the Manual, we describe our current and practical approaches to evaluation
and management of conditions encountered in the fetus and the newborn, as prac-
ticed in high volume clinical services that include contemporary prenatal and post-
natal care of infants with routine, as well as complex medical and surgical problems.
Although we base our practice on the best available evidence, we recognize that many
areas of controversy exist, that there is often more than one approach to a problem,
and that our knowledge continues to grow.

Our commitment to values, including clinical excellence, multidisciplinary col-
laboration, teamwork, and family-centered care, is evident throughout the book.
Support of families is reflected in our chapters on Breastfeeding, Developmental
Care, Bereavement, and Decision Making and Ethical Dilemmas.

The Children’s Hospital Boston Neonatology Program at Harvard has grown
to include 57 attending neonatologists and 18 fellows who care for more than
28,000 newborns delivered annually at the Beth Israel Deaconess Medical Center
(BIDMC), the Brigham and Women’s Hospital (BWH) (formerly the Boston
Lying-In Hospital and the Boston Hospital for Women), Beverly Hospital,
Saint Elizabeth’s Medical Center, Holy Family Hospital, Good Samaritan Medical
Center, South Shore Hospital, and Winchester Hospital. They also care for the
650 neonates transferred annually to the NICU at Children’s Hospital Boston for
management of complex medical and surgical problems. Fellows in the Harvard
Neonatal-Perinatal Fellowship Program train in addition to Children’s Hospital
at the Beth Israel Deaconess Medical Center, the Brigham and Women’s Hospital,
and the Massachusetts General Hospital.

This would have been an impossible task without the administrative assistance
of Jessica DeNaples and Katie Scarpelli. We also thank Nicole Walz, Sonya Seigafuse,
and Ave McCracken of Lippincott Williams & Wilkins for their invaluable help.

We acknowledge the efforts of many individuals to advance the care of new-
borns and recognize, in particular, our teachers, colleagues, and trainees at Harvard,
where the editors trained in newborn medicine and practiced in the NICUs. We are
indebted to Clement Smith and Nicholas M. Nelson for their insights into new-
born physiology and to Steward Clifford, William D. Cochran, John Hubbell, and
Manning Sears for their contributions to the care of infants at the Boston Lying-In
Hospital. We thank the former and current directors of the Newborn Medicine Pro-
gram at Harvard: H. William Taeusch Jr., Barry T. Smith, Michael E. Epstein, Merton
Bernfield, Ann R. Stark, Gary A. Silverman, and Stella Kourembanas.

We dedicate this book to Dr. Mary Ellen Avery for her contributions to the care
of infants all over the world and to the personal support and advice she has pro-
vided to so many, including the editors. We also dedicate this book to the memory
of Dr. Ralph D. Feigin for his leadership in academic pediatrics, his support of the
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highest quality care for infants and children, and his contribution to the training
of countless pediatricians. Finally, we gratefully acknowledge the nurses, residents,
fellows, parents, and babies who provide the inspiration for and measure the useful-
ness of the information contained in this volume.

John P. Cloherty, MD

Eric C. Eichenwald, MD
Anne R. Hansen, MD, MPH
Ann R. Stark, MD
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Fetal Assessment and
Prenatal Diagnosis

Louise E. Wilkins-Haug and Linda J. Heffner

I. GESTATIONAL-AGE ASSESSMENT is important to both the obstetrician and
pediatrician and must be made with a reasonable degree of precision. Elective obstet-
ric interventions such as chorionic villus sampling (CVS) and amniocentesis must be
timed appropriately. When premature delivery is inevitable, gestational age is impor-
tant with regard to prognosis, the management of labor and delivery, and the initial
neonatal treatment plan.

A. The clinical estimate of gestational age is usually made on the basis of the first day
of the last menstrual period. Accompanied by physical examination, auscultation of
fetal heart sounds and maternal perception of fetal movement can also be helpful.

B. Ultrasonic estimation of gestational age. During the first trimester, fetal crown-
rump length can be an accurate predictor of gestational age. Crown-rump length
estimation of gestational age is expected to be within 7 days of the true gestational
age. During the second and third trimesters, measurements of the biparietal diame-
ter (BPD) and the fetal femur length best estimate gestational age. Strict criteria for
measuring the cross-sectional images through the fetal head ensure accuracy. None-
theless, owing to normal biologic variability, the accuracy of gestational age esti-
mated by BPD decreases with increasing gestational age. For measurements made
at 14 to 20 weeks of gestation, the variation is up to 11 days; at 20 to 28 weeks,
the variation is up to 14 days; and at 29 to 40 weeks, the variation can be up to
21 days. The length of the calcified fetal femur is often measured and used in vali-
dating BPD measurements or used alone in circumstances where BPD cannot be
measured (e.g., deeply engaged fetal head) or is inaccurate (e.g., hydrocephalus).

Il.  PRENATAL DIAGNOSIS OF FETAL DISEASE continues to improve. The
genetic or developmental basis for many disorders is emerging, along with increased
test accuracy. Two types of tests are available: screening tests and diagnostic proce-
dures. Screening tests, such as a sample of the mother’s blood or an ultrasound, are
noninvasive but relatively nonspecific. A positive serum screening test, concerning
family history, or an ultrasonic examination that suggests anomalies or aneuploidy
may lead patient and physician to consider a diagnostic procedure. Diagnostic proce-
dures, which necessitate obtaining a sample of fetal material, pose a small risk to both
mother and fetus but can confirm or rule out the disorder in question.

A. Screening by maternal serum analysis during pregnancy individualizes a woman’s
risk of carrying a fetus with a neural tube defect (NTD) or an aneuploidy such as
trisomy 21 (Down syndrome) or trisomy 18 (Edward syndrome).

1. Maternal serum alpha-fetoprotein (MSAFP) measurement between 15 and
22 weeks’ gestation screens for NTDs. MSAFP elevated above 2.5 multiples

1
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of the median for gestation age occurs in 70% to 85% of fetuses with open
spina bifida and 95% of fetuses with anencephaly. In half of the women with
elevated levels, ultrasonic examination reveals another cause, most commonly
an error in gestational age estimate. Ultrasonography that incorporates cranial
or intracranial signs, such as changes in head shape (lemon sign) or deforma-
tion of the cerebellum (banana sign) that are secondary to the NTD, increase
the sensitivity of ultrasound for the visual detection of open spinal defects.

Second-trimester aneuploidy screening: MSAFP/triple panel/quad panel.
Low levels of MSAFP are associated with chromosomal abnormalities. Altered
levels of human chorionic gonadotropin (hCG), unconjugated estriol (uE3), and
inhibin are also associated with fetal chromosomal abnormalities. On average, in
a pregnancy with a fetus with trisomy 21, hCG levels are higher than expected
and uE3 levels are decreased. A serum panel in combination with maternal age
can estimate the risk of trisomy 21 for an individual woman. For women younger
than 35 years, 5% will have a positive serum screen, but the majority (98%) will
not have a fetus with aneuploidy. However, only approximately 70% of fetuses
with trisomy 21 will have a “positive” maternal triple screen (MSAFE hCG, uE3)
compared with 80% with a positive quad screen (MSAFP, hCG, uE3, inhibin).
Trisomy 18 is typically signaled by low levels of all markers.

First-trimester serum screening. Maternal levels of two analytes,
pregnancy-associated plasma protein-A (PAPP-A) and hCG (either free or
total), are altered in pregnancies with an aneuploid conception, especially tri-
somy 21. Similar to second-trimester serum screening, these values can indi-
vidualize a woman’s risk of pregnancy complicated by aneuploidy. However,
these tests need to be drawn early in pregnancy (optimally at 9-10 weeks) and
even if abnormal, detect less than half of the fetuses with trisomy 21.

First-trimester nuchal lucency screening. Ultrasonographic assessment of the
fluid collected at the nape of the fetal neck is a sensitive marker for aneuploidy.
With attention to optimization of image and quality control, studies indicate a
70% to 80% detection of aneuploidy in pregnancies with an enlarged nuchal
lucency on ultrasonography. In addition, many fetuses with structural abnor-
malities such as cardiac defects will also have an enlarged nuchal lucency.

Combined first-trimester screening. Combining the two first-trimester ma-
ternal serum markers (PAPP-A and beta hCG) and the nuchal lucency mea-
surements in addition to the maternal age detects 80% of trisomy 21 fetuses
with a low screen positive rate (5% in women younger than 35 years). This
combined first-trimester screening provides women with a highly sensitive risk
assessment in the first trimester.

Combined first- and second-trimester screening for trisomy 21. Various
approaches have been developed to further increase the sensitivity of screening
for trisomy 21 while retaining a low screen positive rate. These approaches dif-
fer primarily by whether they disclose the results of their first-trimester results.
a. Integrated screening is a nondisclosure approach, which achieves the
highest detection of trisomy 21 (97%) at a low screen positive rate (2%). It
involves a first-trimester ultrasound and maternal serum screening in both the
first and second trimester before the results are released.

b. Sequential screening. Two types of sequential screening tools exist. Both
are disclosure tests, which means that they release those results indicating a high
risk for trisomy 21 in the first trimester, but then go on to further screen either
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the entire remaining population in the second trimester (stepwise sequential)
or only a subgroup of women felt to be in a medium risk zone (contingent
sequential). With contingent sequential screening, patients can be classified as
high, medium, or low risk for Down syndrome in the first trimester. Low-risk
patients do not return for further screening as their risk of a fetus with Down
syndrome is low. When the two types of sequential tests are compared, they
have similar overall screen positive rates of 2% to 3%, and both have sensitivi-
ties of over 90% for trisomy 21 (stepwise, 95%; contingent, 93%).

7. Use of ultrasound following serum screening for aneuploidy. Second-
trimester ultrasound targeted for detection of aneuploidy has been successful
as a screening tool. Application of second-trimester ultrasound that is targeted
to screen for aneuploidy can decrease the @ priori maternal age risk of Down
syndrome by 50% to 60%, as well as the risk conveyed by the second-trimester
serum screening. Recently, second-trimester ultrasound following first-trimes-
ter screening for aneuploidy has likewise been shown to have value in decreas-
ing the risk assessment for trisomy 21.

B. In women with a positive family history of genetic disease, a positive screening
test, or at-risk ultrasonographic features, diagnostic tests are considered. When a sig-
nificant malformation or a genetic disease is diagnosed prenatally, the information
gives the obstetrician and pediatrician time to educate parents, discuss options, and
establish an initial neonatal treatment plan before the infant is delivered. In some
cases, treatment may be initiated 772 utero.

1. Chorionic villus sampling (CVS). Under ultrasonic guidance, a sample of
placental tissue is obtained through a catheter placed either transcervically or
transabdominally. Performed at or after 10 weeks’ gestation, CVS provides the
carliest possible detection of a genetically abnormal fetus through analysis of
trophoblast cells. Transabdominal CVS can also be used as late as the third
trimester when amniotic fluid is not available or when fetal blood sampling
cannot be performed. Technical improvements in ultrasonographic imaging
and in the CVS procedure have brought the pregnancy loss rate very close to
the loss rate after second-trimester amniocentesis, 0.5% to 1.0%. The possible
complications of amniocentesis and CVS are similar. CVS, if performed before
10 weeks of gestation, can be associated with an increased risk of fetal limb-
reduction defects and oromandibular malformations.

a. Direct preparations of rapidly dividing cytotrophoblasts can be prepared,
making a full karyotype analysis available in 2 days. Although direct prepara-
tions minimize maternal cell contamination, most centers also analyze cultured
trophoblast cells, which are embryologically closer to the fetus. This procedure
takes an additional 8 to 12 days.

b. In approximately 2% of CVS samples, both karyotypically normal and
abnormal cells are identified. Because CVS-acquired cells reflect placental
constitution, in these cases, amniocentesis is typically performed as a follow-
up study to analyze fetal cells. Approximately one-third of CVS mosaicisms
are confirmed in the fetus through amniocentesis.

2. Amniocentesis. Amniotic fluid is removed from around the fetus through a
needle guided by ultrasonic images. The removed amniotic fluid (~20 mL) is re-
placed by the fetus within 24 hours. Amniocentesis can technically be performed
as early as 10 to 14 weeks’ gestation, although early amniocentesis (<13 weeks)
is associated with a pregnancy loss rate of 1% to 2% and an increased incidence
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of clubfoot. Loss of the pregnancy following an ultrasonograph-guided second-

trimester amniocentesis (16—20 weeks) occurs in 0.5% to 1.0% cases in most

centers, so they are usually performed in the second trimester.

a. Amniotic fluid can be analyzed for a number of compounds, including

alpha-fetoprotein (AFP), acetylcholinesterase (AChE), bilirubin, and pul-

monary surfactant. Increased levels of AFP along with the presence of AChE
identify NTDs with more than 98% sensitivity when the fluid sample is not
contaminated by fetal blood. AFP levels are also elevated when the fetus has
abdominal wall defects, congenital nephrosis, or intestinal atresias. In cases
of isoimmune hemolysis, increased levels of bilirubin in the amniotic fluid
reflect erythrocyte destruction. Amniotic fluid bilirubin proportional to the
degree of hemolysis is dependent upon gestational age and can be used to
predict fetal well-being (Liley curve) (see Chap. 26). Pulmonary surfactant can

be measured once or sequentially to assess fetal lung maturity (see Chap. 33).

b. Fetal cells can be extracted from the fluid sample and analyzed for chro-

mosomal and genetic makeup.

i. Among second-trimester amniocentesis, 73% of clinically significant

karyotype abnormalities relate to one of five chromosomes: 13, 18, 21,

X, or Y. These can be rapidly detected using fluorescent i situ hybrid-

ization (FISH), with sensitivities in the 90% range.

ii. DNA analysis is diagnostic for an increasing number of diseases.

a) For genetic diseases in which the DNA sequence has not been de-
termined, indirect DNA studies use restriction fragment length
polymorphism (RFLP) for linkage analysis of affected individuals
and family members. Both crossing over between the gene in ques-
tion and the RFLP probe and the need for multiple informative
members from a family limit the number of genetic diagnoses that
can be made this way.

Direct DNA methodologies can be used when the gene sequence

producing the disease in question is known. Disorders secondary to

deletion of DNA (e.g., a-thalassemia, Duchenne and Becker mus-
cular dystrophy, cystic fibrosis, and growth hormone deficiency)
can be detected by the altered size of DNA fragments produced

following a polymerase chain reaction (PCR). Direct detection of a

DNA mutation can also be accomplished by allele-specific oligonu-

cleotide (ASO) analysis. If the PCR-amplified DNA is not altered

in size by a deletion or insertion, recognition of a mutated DNA
sequence can occur by hybridization with the known mutant allele.

ASO analysis allows direct DNA diagnosis of Tay-Sachs disease,

a- and B-thalassemia, cystic fibrosis, and phenylketonuria.

iii. DNA sequencing for many genetic disorders has revealed that a multi-
tude of different mutations within a gene can result in the same clinical
disease. For example, cystic fibrosis can result from more than 1,000
different mutations. Therefore, for any specific disease, prenatal diag-
nosis by DNA testing may require both direct and indirect methods.

b

~

3. Percutaneous umbilical blood sampling (PUBS) is performed under ultra-

sonic guidance from the second trimester until term. PUBS can provide diag-
nostic samples for cytogenetic, hematologic, immunologic, or DNA studies;
it can also provide access for treatment 77z utero. An anterior placenta facili-
tates obtaining a sample close to the cord insertion site at the placenta. Fetal
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sedation is usually not needed. PUBS has a 1% to 2% risk of fetal loss, along
with complications that can lead to a preterm delivery in another 5%.

4. Preimplantation biopsy or preimplantation genetic diagnosis (PGD).
Early in gestation (at the eight-cell stage in humans), one or two cells can be
removed without known harm to the embryo. In women who are at risk for X-
linked recessive disorders, determination of XX-containing embryos by FISH
can enable transfer of only female embryos through assisted reproduction.
Similarly, woman at increased risk for a chromosomally abnormal concep-
tion can benefit from preimplantation biopsy. When one member of a couple
carries a balanced translocation, only those embryos that screen negative for
the chromosome abnormality in question are transferred. Difficulties remain
when more cells are needed for molecular diagnoses. An alternative approach
is analysis of the second polar body, which contains the same genetic mate-
rial as the ovum. PGD is also useful for a wide range of autosomal recessive,
dominant, and X-linked molecular diagnoses. Preimplantation genetic screen-
ing (PGS) to assess preimplantation embryos for aneuploidy is not currently
considered to provide reproductive advantage to women of advanced maternal
age or poor reproductive histories.

5. Free fetal DNA in the maternal circulation. Whereas fetal cells in the mater-
nal circulation can be separated and analyzed to identify chromosomal abnor-
malities, the limited numbers preclude using this technique on a clinical basis.
Development of a noninvasive method of prenatal diagnosis is ideal because
it would eliminate the potential procedure-related loss of a normal pregnancy.
Analysis of free fetal DNA and RNA, which is present in larger quantities in
the maternal circulation, is a reality for a number of conditions, including red
blood cell antigens, single gene disorders, and fetal sex. Development of mo-
dalities to address the intricacies of the ratios involved in assessing aneuploid
conditions is rapidly evolving. Further work is needed to determine the most
appropriate signal to sort the smaller fetal fragments of free nucleic acids from
the larger body of maternal-free nucleic acids.

lll. FETAL SIZE AND GROWTH-RATE ABNORMALITIES may have significant
implications for perinatal prognosis and care (see Chap. 7). Appropriate fetal assess-
ment is important in establishing a diagnosis and a perinatal treatment plan.

A. Intrauterine growth restriction (IUGR) may be due to conditions in the fetal
environment (e.g., chronic deficiencies in oxygen or nutrients or both) or to
problems intrinsic to the fetus. It is important to identify constitutionally normal
fetuses whose growth is impaired so that appropriate care can begin as soon as
possible. Because their risk of mortality is increased several-fold before and dur-
ing labor, IUGR fetuses may need preterm intervention for best survival rates.
Once delivered, these newborns are at increased risk for immediate complications
including hypoglycemia and pulmonary hemorrhage, so they should be delivered
at an appropriately equipped facility.

Intrinsic causes of [UGR include chromosomal abnormalities (such as triso-
mies), congenital malformations, and congenital infections (e.g., cytomegalovirus
or rubella). Prenatal diagnosis of malformed or infected fetuses is important so
that appropriate interventions can be made. Prior knowledge that a fetus has a
malformation (e.g., anencephaly) or chromosomal abnormality (e.g., trisomy 18)
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that adversely affects life allows the parents to be counseled before birth of the
child and may influence the management of labor and delivery.

1. Definition of IUGR. There is no universal agreement on the definition of
IUGR. Strictly speaking, any fetus that does not reach his or her intrauterine
growth potential is included. Typically, fetuses weighing less than the 10th
percentile for gestational age are classified as IUGR; however, many of these
fetuses are normal and at the lower end of the growth spectrum (i.e., “consti-
tutionally small”).

2. Diagnosis of IUGR. Clinical diagnostics detect about two-thirds of cases and
incorrectly diagnose it about 50% of the time. Ultrasonography improves the
sensitivity and specificity to over 80%. IUGR may be diagnosed with a single
scan when a fetus less than the 10th percentile demonstrates corroborative
signs of a compromised intrauterine environment such as oligohydramnios,
an elevated head—abdomen ratio in the absence of central nervous system pa-
thology, or abnormal Doppler velocimetry in the umbilical cord. Serial scans
documenting absent or poor intrauterine growth regardless of the weight per-
centile also indicate [IUGR. Composite growth profiles derived from a variety
of ultrasound measurements and repeated serially provide the greatest sensitiv-

ity and specificity in diagnosing IUGR.

B. Macrosomia. Macrosomic fetuses (>4,000 g) are at increased risk for shoulder
dystocia and traumatic birth injury. Conditions such as maternal diabetes, post-
term pregnancy, and maternal obesity are associated with an increased incidence
of macrosomia. Unfortunately, efforts to use a variety of measurements and for-
mulas have met with only modest success in predicting the condition.

IV. FUNCTIONAL MATURITY OF THE LUNGS is one of the most critical vari-
ables in determining neonatal survival in the otherwise normal fetus. A number of
tests can be performed on amniotic fluid specifically to determine pulmonary matu-

rity (see Chap. 33).

V. ASSESSMENT OF FETAL WELL-BEING. Acute compromise is detected by

studies that assess fetal function. Some are used antepartum, whereas others are used
to monitor the fetus during labor.

A. Antepartum tests generally rely on biophysical studies, which require a certain
degree of fetal neurophysiologic maturity. The following tests are not used until
the third trimester; fetuses may not respond appropriately earlier in gestation.

1. Fetal movement monitoring is the simplest method of fetal assessment. The
mother lies quietly for an hour and records each perceived fetal movement.
Although she may not perceive all fetal movements that might be noted by
ultrasonic observation, she will record enough to provide meaningful data.

Fetuses normally have a sleep—wake cycle, and mothers generally perceive
a diurnal variation in fetal activity. Active periods average 30 to 40 minutes.
Periods of inactivity >1 hour are unusual in a healthy fetus and should alert
the physician to the possibility of fetal compromise.

2. The nonstress test (NST) is a reliable means of fetal evaluation. It is simple to
perform, relatively quick, and noninvasive, with neither discomfort nor risk to
mother or fetus.
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The NST is based on the principle that fetal activity results in a reflex
acceleration in heart rate. The required fetal maturity is typically reached by
approximately 32 weeks of gestation. Absence of these accelerations in a fetus
who previously demonstrated them may indicate that hypoxia has sufficiently
depressed the central nervous system to inactivate the cardiac reflex.

The test is performed by monitoring fetal heart rate (FHR) either through
a Doppler ultrasonographic device or through skin-surface electrodes on the
maternal abdomen. Uterine activity is simultaneously recorded through a toco-
dynamometer, palpation by trained test personnel, or the patient’s report. The
test result may be reactive, nonreactive, or inadequate. The criteria for a reactive
test are as follows: (i) heart rate between 110 and 160, (ii) normal beat-to-beat
variability (5 beats/minute [bpm]), and (iii) two accelerations of at least 15 bpm
lasting for not less than 15 seconds, each within a 20-minute period. A nonreac-
tive test fails to meet the three criteria. If an adequate fetal heart tracing cannot
be obtained for any reason, the test is considered inadequate.

Statistics show that a reactive result is reassuring, with the risk of fetal
demise within the week following the test at approximately 3 in 1,000. A non-
reactive test is generally repeated later the same day or is followed by another
test of fetal well-being.

The contraction stress test (CST) may be used as a backup or confirmatory
test when the NST is nonreactive or inadequate.

The CST is based on the idea that uterine contractions can compromise
an unhealthy fetus. The pressure generated during contractions can briefly re-
duce or eliminate perfusion of the intervillous space. A healthy fetoplacental
unit has sufficient reserve to tolerate this short reduction in oxygen supply.
Under pathologic conditions, however, respiratory reserve may be so compro-
mised that the reduction in oxygen results in fetal hypoxia. Under hypoxic
conditions, the FHR slows in a characteristic way relative to the contraction.
FHR begins to decelerate 15 to 30 seconds after onset of the contraction,
reaches its nadir after the peak of the contraction, and does not return to base-
line until after the contraction ends. This heart rate pattern is known as a laze
deceleration because of its relationship to the uterine contraction. Synonyms
are type II deceleration or deceleration of uteroplacental insufficiency.

Similar to the NST, the CST monitors FHR and uterine contractions.
A CST is considered completed if uterine contractions have spontaneously
occurred within 30 minutes, lasted 40 to 60 seconds each, and occurred at a
frequency of three within a 10-minute interval. If no spontaneous contractions
occur, they can be induced with intravenous oxytocin, in which case the test is
called an oxytocin challenge test.

A CST is positive if late decelerations are consistently seen in associa-
tion with contractions. A CST is negative if at least three contractions of at
least 40 seconds each occur within a 10-minute period without associated late
decelerations. A CST is suspicious if there are occasional or inconsistent late
decelerations. If contractions occur more frequently than every 2 minutes or
last longer than 90 seconds, the study is considered a hyperstimulated test and
cannot be interpreted. An unsatisfactory test is one in which contractions can-
not be stimulated, or a satisfactory FHR tracing cannot be obtained.

A negative CST is even more reassuring than a reactive NST, with the
chance of fetal demise within a week of a negative CST being approximately
0.4 per 1,000. If a positive CST follows a nonreactive NST, however, the risk
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of stillbirth is 88 per 1,000, and the risk of neonatal mortality is also 88 per
1,000. Statistically, about one-third of patients with a positive CST will re-
quire cesarean section for persistent late decelerations in labor.

The biophysical profile combines an NST with other parameters determined
by real-time ultrasonic examination. A score of 0 or 2 is assigned for the ab-
sence or presence of each of the following: a reactive NST, adequate amniotic
fluid volume, fetal breathing movements, fetal activity, and normal fetal mus-
culoskeletal tone. The total score determines the course of action. Reassuring
tests (8-10) are repeated at weekly intervals, whereas less-reassuring results
(4-6) are repeated later the same day. Very low scores (0-2) generally prompt
delivery. The likelihood that a fetus will die i uzero within 1 week of a reas-
suring test is approximately the same as that for a negative CST, which is ap-
proximately 0.6 to 0.7 per 1,000.

Doppler ultrasonography of fetal umbilical artery blood flow is a noninva-
sive technique to assess downstream (placental) resistance. Poorly functioning
placentas with extensive vasospasm or infarction have an increased resistance
to flow that is particularly noticeable in fetal diastole. Umbilical artery Dop-
pler flow velocimetry may be used as part of fetal surveillance based on charac-
teristics of the peak systolic frequency shift (S) and the end-diastolic frequency
shift (D). The two commonly used indices of flow are the systolic:diastolic
ratio (S/D) and the resistance index (S-D/S). Umbilical artery Doppler velo-
cimetry measurements have been shown to improve perinatal outcome only
in pregnancies with a presumptive diagnosis of [UGR and should not be used
as a screening test in the general obstetric population. Absent or reversed end-
diastolic flow is seen in the most extreme cases of IUGR and is associated
with a high mortality rate. The use of umbilical artery Doppler velocimetry
measurements, in conjunction with other tests of fetal well-being, can reduce
the perinatal mortality in IUGR by almost 40%. Doppler measurements of
the middle cerebral artery can also be used in the assessment of the fetus that
is at risk for either [UGR or anemia.

B. Intrapartum assessment of fetal well-being is important in the management

of labor.

1.

Continuous electronic fetal monitoring is widely used despite the fact that
it has not been shown to reduce perinatal mortality or asphyxia relative to
auscultation by trained personnel but has increased the incidence of operative
delivery. When used, the monitors simultaneously record FHR and uterine
activity for ongoing evaluation.

a. The fetal heart rate (FHR) can be monitored in one of three ways. The
noninvasive methods are ultrasonic monitoring and surface-electrode moni-
toring from the maternal abdomen. The most accurate but invasive method
is to place a small electrode into the skin of the fetal presenting part to record
the fetal electrocardiogram directly. Placement requires rupture of the fetal
membranes. When the electrode is properly placed, it is associated with a very
low risk of fetal injury. Approximately 4% of monitored babies develop a mild
infection at the electrode site, and most respond to local cleansing.

b. Uterine activity can also be recorded either indirectly or directly. A toco-
dynamometer can be strapped to the maternal abdomen to record the timing
and duration of contractions as well as crude relative intensity. When a more
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precise evaluation is needed, an intrauterine pressure catheter can be inserted
following rupture of the fetal membranes to directly and quantitatively record
contraction pressure. Invasive monitoring is associated with an increased inci-
dence of chorioamnionitis and postpartum maternal infection.

c. Parameters of the fetal monitoring record that are evaluated include the
following:

1.

111.
1v,

Baseline heart rate is normally between 110 and 160 bpm. The baseline
must be apparent for a minimum of 2 minutes in any 10-minute seg-
ment and does not include episodic changes, periods of marked FHR
variability, or segments of baseline that differ by more than 25 bpm. Base-
line fetal bradycardia, defined as an FHR <110 bpm, may result from
congenital heart block associated with congenital heart malformation or
maternal systemic lupus erythematosus. Baseline tachycardia, defined as
an FHR >160 bpm, may result from a maternal fever, infection, stimu-
lant medications or drugs, and hyperthyroidism. Fetal dysthythmias are
typically associated with FHR >200 bpm. In isolation, tachycardia is
poortly predictive of fetal hypoxemia or acidosis unless accompanied by
reduced beat-to-beat variability or recurrent decelerations.

Beat-to-beat variability is recorded from a calculation of each RR

interval. The autonomic nervous system of a healthy, awake term fetus

constantly varies the heart rate from beat to beat by approximately 5 to

25 bpm. Reduced beat-to-beat variability may result from depression

of the fetal central nervous system due to fetal immaturity, hypoxia,

fetal sleep, or specific maternal medications such as narcotics, seda-
tives, B3-blockers, and intravenous magnesium sulfate.

Accelerations of the FHR are reassuring, as they are during an NST.

Decelerations of the FHR may be benign or indicative of fetal com-

promise, depending on their characteristic shape and timing in rela-

tion to uterine contractions.

a) Early decelerations are symmetric in shape and closely mirror uter-
ine contractions in time of onset, duration, and termination. They
are benign and usually accompany good beat-to-beat variability.
These decelerations are more commonly seen in active labor when
the fetal head is compressed in the pelvis, resulting in a parasympa-
thetic effect.

b) Late decelerations are visually apparent decreases in the FHR in as-
sociation with uterine contractions. The onset, nadir, and recovery
of the deceleration occur after the beginning, peak, and end of the
contraction, respectively. A fall in the heart rate of only 10 to 20
bpm below baseline (even if still within the range of 110-160) is
significant. Late decelerations are the result of uteroplacental in-
sufficiency and possible fetal hypoxia. As the uteroplacental insuf-
ficiency/hypoxia worsens, (i) beat-to-beat variability will be reduced
and then lost, (ii) decelerations will last longer, (iii) they will begin
sooner following the onset of a contraction, (iv) they will take longer
to return to baseline, and (v) the rate to which the fetal heart slows
will be lower. Repetitive late decelerations demand action.

©) Variable decelerations vary in their shape and in their timing rela-
tive to contractions. Usually, they result from fetal umbilical cord
compression. Variable decelerations are a cause for concern if they
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are severe (down to a rate of 60 bpm or lasting for 60 seconds or lon-
ger, or both), associated with poor beat-to-beat variability, or mixed
with late decelerations. Umbilical cord compression secondary to a
low amniotic fluid volume (oligohydramnios) may be alleviated by
amnioinfusion of saline into the uterine cavity during labor.

2. A fetal scalp blood sample for blood gas analysis may be obtained to confirm
or dismiss suspicion of fetal hypoxia. An intrapartum scalp pH above 7.20 with
a base deficit <6 mmol/L is normal. Many obstetric units have replaced fetal
scalp blood sampling with noninvasive techniques to assess fetal status. FHR
accelerations in response to mechanical stimulation of the fetal scalp or to vibro-
acoustic stimulation are reassuring.
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Diabetes Mellitus

Aviva Lee-Parritz and John P. Cloherty

I. DIABETES AND PREGNANCY OUTCOME. Improved management of diabetes
mellitus and advances in obstetrics, such as ultrasonography and measurement of fetal lung
maturity (FLM), have reduced the incidence of adverse perinatal outcome in infants of dia-
betic mothers (IDMs). With appropriate management, women with good glycemic con-
trol and minimal microvascular disease can expect pregnancy outcomes comparable to the
general population. Women with advanced microvascular disease, such as hypertension,
nephropathy, and retinopathy, have a 25% risk of preterm delivery because of worsening
maternal condition or preeclampsia. Pregnancy does not have a significant impact on the
progression of diabetes. In women who begin pregnancy with microvascular disease, diabe-
tes often worsens, but in most, the disease return to baseline. Preconception glucose control
may reduce the rate of complications to as low as that seen in the general population.

Il. DIABETES IN PREGNANCY
A. General principles

1. Definition. Diabetes that antedates the pregnancy can be associated with ad-
verse fetal and maternal outcomes. The most important complication is diabetic
embryopathy resulting in congenital anomalies. Congenital anomalies are as-
sociated with 50% of perinatal deaths among women with diabetes compared
to 25% among nondiabetic women. The risk of congenital anomalies is related
to the glycemic profile at the time of conception. Women with type 1 and type
2 diabetes are at significantly increased risk for hypertensive disorders, such as
preeclampsia, which is potentally deleterious to both maternal and fetal well-
being. The White classification is a risk stratification profile based on length of
disease and presence of vascular complications (see Table 2.1). Gestational dia-
betes mellitus (GDM) is defined as carbohydrate intolerance of variable severity
first diagnosed during pregnancy, and it affects 3% to 5% of pregnancies.

2. Epidemiology. Approximately 3% to 5% of patients with GDM actually have
underlying type 1 or type 2 diabetes, but pregnancy is the first opportunity
for testing. Risk factors for GDM include advanced maternal age, multifetal
gestation, increased body mass index, and strong family history of diabetes.
Certain ethnic groups, such as Native Americans, Southeast Asians, and Afri-
can Americans, have an increased risk of developing GDM.

3. Pathophysiology for diabetes antedating pregnancy. In the first half of preg-
nancy, as a result of nausea and vomiting, hypoglycemia can be as much of a
problem as hyperglycemia. Hypoglycemia, followed by hyperglycemia from
counter-regulatory hormones, may complicate glucose control. Maternal hyper-
glycemia leads to fetal hyperglycemia and fetal hyperinsulinemia, which results
in fetal overgrowth. Gastroparesis from long-standing diabetes may be a factor as
well. There does not appear to be a direct relation between hypoglycemia alone and

11
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Table 2.1 White Classification of Maternal Diabetes (Revised)

Gestational diabetes
(GD):

Diabetes not known to be present before pregnancy

Abnormal glucose tolerance test in pregnancy

GD diet Euglycemia maintained by diet alone
GD insulin Diet alone insufficient; insulin required

Class A: Chemical diabetes; glucose intolerance before
pregnancy; treated by diet alone; rarely seen
Prediabetes; history of large babies >4 kg or
unexplained stillbirths after 28 weeks

Class B: Insulin-dependent; onset after 20 years of age;
duration <10 years

Class C: Cy: Onset at 10-19 years of age
C,: Duration 10-19 years

Class D: Ds: Onset before 10 years of age
D,: Duration 20 years
Ds: Calcification of vessels of the leg (macrovascular
disease)
Dy4: Benign retinopathy (microvascular disease)
Ds: Hypertension (not preeclampsia)

Class F: Nephropathy with >500 mg/day of proteinuria

Class R: Proliferative retinopathy or vitreous hemorrhage

Class RF: Criteria for both classes R and F coexist

Class G: Many reproductive failures

Class H: Clinical evidence of arteriosclerotic heart disease

Class T: Prior renal transplantation

Note: All classes below A require insulin. Classes R, F, RF, H, and T have no criteria for
age of onset or duration of disease but usually occur in long-term diabetes.

Modified from Hare JW. Gestational diabetes. In: Diabetes complicating pregnancy:
The Joslin Clinic Method. New York: Alan R. Liss; 1989.
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adverse perinatal outcome. Throughout pregnancy, insulin requirements increase
because of the increasing production of placental hormones that antagonize the
action of insulin. This is most prominent in the mid-third trimester and requires
intensive blood glucose monitoring and frequent adjustment of insulin dosage.

B. Complications of type 1 and type 2 diabetes during pregnancy

1. Differential diagnosis
a. Ketoacidosis is an uncommon complication during pregnancy. However,
ketoacidosis carries a 50% risk of fetal death, especially if it occurs before the
third trimester. Ketoacidosis can be present in the setting of even mild hy-
perglycemia (200 mg/dL) and should be excluded in every patient with type
1 diabetes who presents with hyperglycemia and symptoms such as nausea,
vomiting, or abdominal pain.
b. Stillbirth remains an uncommon complication of diabetes in pregnancy. It is
most often associated with poor glycemic control, fetal anomalies, severe vascu-
lopathy;, and intrauterine growth restriction (IUGR), as well as severe preeclamp-
sia. Shoulder dystocia that cannot be resolved can also result in fetal death.
c. Polyhydramnios is not an uncommon finding in pregnancies complicated
by diabetes. It may be secondary to osmotic diuresis from fetal hyperglycemia.
Careful ultrasonographic examination is required to rule out structural anoma-
lies, such as esophageal atresia, as an etiology, when polyhydramnios is present.
d. Severe maternal vasculopathy, especially nephropathy and hypertension,
is associated with uteroplacental insufficiency, which can result in [IUGR, fetal
intolerance of labor, and neonatal complications.

lll. MANAGEMENT OF DIABETES DURING PREGNANCY

A. General principles for type 1 or type 2 diabetes. Management of type 1 or type 2
diabetes during pregnancy begins before conception. Tight glucose control is para-
mount during the periconceptional period and throughout pregnancy. Optimal
glucose control requires coordinated care between endocrinologists, maternal—fetal
medicine specialists, diabetes nurse educators, and nutritionists. Preconception gly-
cemic control has been shown to decrease the risk of congenital anomalies to close
to that of the general population. However, <30% of pregnancies are planned.
Physicians should discuss pregnancy planning or recommend contraception for all
diabetic women of childbearing age until glycemic control is optimized.

B. General principles for gestational diabetes. In the United States, most women
are screened for GDM between 24 and 28 weeks' gestation by a 50-g, 1-hour
glucose challenge. A positive result of a blood glucose equal to or greater than
140 mg/dL is followed by a diagnostic 100-g, 3-hour oral glucose tolerance test
(GTT). A positive test is defined as two or more elevated values on the GTT.
There is a current movement to move to a single diagnostic test, consisting of a
75-g, 2-hour GTT, a method that is used uniformly outside of the United States.
Uncontrolled GDM can lead to fetal macrosomia and concomitant risk of fetal
injury at delivery. GDM shares many features with type 2 diabetes. Women diag-
nosed with GDM have a 60% lifetime risk of developing overt type 2 diabetes.

1. Testing (first trimester) for type 1 and type 2 diabetes
a. Measurement of glycosylated hemoglobin in the first trimester can give
a risk assessment for congenital anomalies by reflecting ambient glucose con-
centrations during the period of organogenesis.
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b. Accurate dating of the pregnancy is obtained by ultrasonography.

c. Ophthalmologic examination is mandatory, because retinopathy may
progress because of the rapid normalization of glucose concentration in the
first trimester. Women with retinopathy need periodic examinations through-
out pregnancy, and they are candidates for laser photocoagulation as indicated.
d. Renal function is assessed by 24-hour urine collection for protein excre-
tion and creatinine clearance. Patients with recent diagnosis of diabetes can
have screening of renal function with urine microalbumin, followed by a
24-hour collection if abnormal.

e. Thyroid function should be evaluated.

f. Nuchal translucency and first-trimester serum screening. This is part
of routine pregnancy care. It is especially important, as an abnormal nuchal
translucency is also associated with structural abnormities, the risk of which is
increased in this group of patients.

2. Testing (second trimester) for type 1 and type 2 diabetes

a. Maternal serum screening for neural tube defects is performed between
15 and 19 weeks” gestation. Women with diabetes have a 10-fold increased
risk of neural tube defects compared to the general population.

b. All patients undergo a thorough ultrasonographic survey, including fetal
echocardiography for structural anomalies.

c. Women older than 35 years of age or with other risk factors for fetal aneu-
ploidy are offered chorionic villus sampling or amniocentesis for karyotyping.

3. Testing (third trimester) for type 1 and type 2 diabetes, GDM
a. Ultrasonographic examinations are performed monthly through the
third trimester for fetal growth measurement.
b. Weekly fetal surveillance using nonstress testing or biophysical profiles
is implemented between 28 and 32 weeks’ gestation, depending on glycemic
control and other complications (see Chap. 1).

C. Treatment for all types of glucose intolerance

Strict diabetic control is achieved with nutritional modification, exercise,
and medications, with the traditional goals of fasting glucose concentration
<95 mg/dL and postprandial values <140 mg/dL for 1 hour and 120 mg/dL
for 2 hours. Recent data have suggested that in pregnant women, euglycemia may
be even lower, with fasting glucose levels in the 60 mg/dL range and postmeal
glucose levels <105 mg/dL. Insulin therapy has the longest record of accomplish-
ment of perinatal safety. It has been demonstrated that human insulin analogs do
not cross the placenta. More recently, the oral hypoglycemic agent glyburide has
been shown to be effective in the management of GDM. Data are emerging that
metformin may also be an alternative to achieve glycemic goals during pregnancy.

IV. MANAGEMENT OF LABOR AND DELIVERY FOR WOMEN
WITH DIABETES

A. General principles. The risk of spontaneous preterm labor is not increased
in patients with diabetes, although the risk of iatrogenic preterm delivery is in-
creased for patients with microvascular disease as a result of [UGR, nonreassuring
fetal testing, and maternal hypertension. Antenatal corticosteroids for induction
of FLM should be employed for the usual obstetric indications. Corticosteroids
can cause temporary hyperglycemia; therefore, patients may need to be managed
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with continuous intravenous (IV) insulin infusions until the effect of the steroids
wears off. Delivery is planned for 39 to 40 weeks, unless other pregnancy com-
plications dictate earlier delivery. Elective delivery after 39 weeks does not require
FLM testing. Nonemergent delivery before 39 weeks requires documentation
of FLM testing using the lecithin—sphingomyelin (L/S) ratio greater than 3.5:1,
positive Amniostat (phosphatidyglycerol present), saturated phosphatidylcholine
(SPC) greater than 1,000 wg/dL, or mature FLM (see Table 2.2 and Fig. 2.1).
Emergent delivery should be carried out without FLM testing. Route of delivery
is determined by ultrasonography-estimated fetal weight, maternal and fetal con-
ditions, and previous obstetric history. The ultrasonography-estimated weight at
which an elective cesarean delivery is recommended is a controversial issue, with
the American College of Obstetricians and Gynecologists recommending discus-
sion of cesarean delivery at an estimated fetal weight of greater than 4,500 g due
to the increased risk of shoulder dystocia.

B. Treatment. Blood glucose concentration is tightly controlled during labor and
delivery. If an induction of labor is planned, patients are instructed to take one-
half of their usual basal insulin on the morning of induction. During spontaneous
or induced labor, blood glucose concentration is measured every 1 to 2 hours.
Blood glucose concentration higher than 120 to 140 mg/dL is treated with an
infusion of IV short-acting insulin. IV insulin is very short acting, allowing for
quick response to changes in glucose concentration. Active labor may also be as-
sociated with hypoglycemia, because the contracting uterus uses circulating meta-
bolic fuels. Continuous fetal monitoring is mandatory during labor. Cesarean
delivery is performed for obstetric indications. The risk of cesarean section for
obstetric complications is approximately 50%. Patients with advanced microvas-
cular disease are at increased risk for cesarean delivery because of the increased
incidence of IUGR, preeclampsia, and nonreassuring fetal status. A history of
retinopathy that has been treated in the past is not necessarily an indication for

Table 2.2 Lecithin—-Sphingomyelin Ratio, Saturated
Phosphatidylcholine Level, and Respiratory Distress
Syndrome in Infants of Diabetic Mothers at the Boston
Hospital for Women during 1977-1980

L/S ratio Mild, moderate,
SPC level or severe RDS/
(mg/dL) <2.0:1.0 2.0-3.4:1 =3.5:1.0 total
Not done 0/1 0/12 0/13 0/26 (0%)
=500 6/6 1/9 1/2 8/17 (47 %)
501-1,000 | 0/2 3/20 1/15 4/37 (11%)
>1,000 0/0 2/22 0/142 2/164 (1.2%)
Total (RDS) | 6/9 (67%) 6/63 (10%) 2/172 (1.2%) 14/244 (5.7%)
SPC = saturated phosphatidylcholine; L/S = lecithin/sphingomyelin; RDS = respiratory
distress syndrome.
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Figure 2.1. Rate of respiratory distress syndrome (RDS) versus gestational age
in nondiabetic and diabetic pregnancies at the Boston Hospital for Women
from 1958 to 1968. (Reprinted with permission from Robert ME Neff RK,

Hubbell JB, et al. Association between maternal diabetes and the respiratory-

distress syndrome in the newborn. N Engl ] Med 1976;294:357-360.)

cesarean delivery. Patients with active proliferative retinopathy that is unstable
or active hemorrhage may benefit from elective cesarean delivery. Postpartum
patients are at increased risk for hypoglycemia, especially in the postoperative set-
ting with minimal oral intake. Patients with pregestational diabetes may also ex-
perience a “honeymoon” period immediately after delivery, with greatly reduced
insulin requirements that can last up to several days. Lactation is also associated
with significant glucose utilization and potential hypoglycemia, especially in the
immediate postpartum period. For women with type 2 diabetes, the use of met-
formin and glyburide is compatible with breastfeeding.

V. EVALUATION OF INFANTS OF DIABETIC MOTHERS (IDMS)

A. General principles. The evaluation of the infant begins before actual delivery. If
pulmonary maturity is not certain, amniotic fluid can be obtained before delivery
through amniocentesis. Fluid may be evaluated by the L/S ratio, FLM testing, or
SPC content (see IV.A. and Chap. 33).

B. Treatment

1. After the infant is born, assessment is made on the basis of Apgar scores to de-
termine the need for any resuscitative efforts (see Chap. 5). The infant should be
dried and placed under a warmer. The airway is bulb suctioned for mucus, but
the stomach is not aspirated because of the risk of reflex bradycardia and apnea
from pharyngeal stimulation in the first 5 minutes of life. A screening physical
examination for the presence of major congenital anomalies should be performed,
and the placenta should be examined. Glucose level and pH may be determined
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on cord blood. In the nursery, supportive care should be given while a continu-
ous evaluation of the infant is made. This includes providing warmth, suction,
and oxygen as needed while checking vital signs (e.g., heart and respiratory rates,
temperature, perfusion, color, blood pressure). Cyanosis should make one con-
sider cardiac disease, respiratory distress syndrome (RDS), transient tachypnea of
the newborn, or polycythemia. An examination should be repeated for possible
anomalies because of the increased incidence of major congenital anomalies in
IDMs. Special attention should be paid to the brain, heart, kidneys, and skeletal
system. Reports indicate that IDMs have a 47% risk of significant hypoglycemia,
22% risk of hypocalcemia, 19% risk of hyperbilirubinemia, and a 34% risk of
polycythemia; therefore, the following studies are performed:

Blood glucose levels are checked at 1, 2, 3, 6, 12, 24, 26, and 48 hours.
Glucose is measured with Chemstrip bG (Bio-Dynamics, BMC, Indianapolis,
Indiana). Readings <40 mg/dL should be checked rapidly by a clinical labora-
tory or by Ames eyetone instrument (Ames Company, Division of Miles Labo-
ratories, Inc., Elkhart, Indiana). The infant is fed orally or given IV glucose
by 1 hour of age (see VI. and Chap. 24). Hematocrit levels are checked at 1
and 24 hours (see Chaps. 44 and 46). Calcium levels are checked if the infant
appears jittery or is sick for any reason (see VIIL.B. and Chap. 25). Bilirubin
levels are checked if the infant appears jaundiced (see Chap. 26).

Every effort is made to involve the parents in infant care as early as

possible.

VI. HYPOGLYCEMIA IN INFANTS OF DIABETIC MOTHERS (IDMS)

A. General principles

1. Definition. Hypoglycemia is defined as a blood glucose level <40 mg/dL
in any infant, regardless of gestational age and whether or not symptoms are
present. Previously, we used a level of <30 mg/dL as the definition of hypo-
glycemia (see Chap. 24).

2. Epidemiology. With <30 mg/dL as the definition, the incidence of hypogly-
cemia in IDMs is 30% to 40%. The onset is frequently within 1 to 2 hours of
age and is most common in macrosomic infants.

3. Pathophysiology. The pathogenetic basis of neonatal hypoglycemia in
IDMs is explained by the Pederson maternal hyperglycemia—fetal hyperinsu-
linism hypothesis. The correlation among fetal macrosomia, elevated HbA,
in maternal and cord blood, and neonatal hypoglycemia, as well as between
elevated cord blood C-peptide or immunoreactive insulin levels and hypogly-
cemia, suggests that control of maternal blood sugar in the last trimester may
decrease the incidence of neonatal hypoglycemia in IDMs. Mothers should
not receive large doses of glucose before or at delivery, because this may stimu-
late an insulin response in the hyperinsulinemic offspring. We attempt to keep
maternal glucose level at delivery at approximately 120 mg/dL.

4. Hypoglycemia in small-for-gestational-age (SGA) infants born to diabetic
mothers with vascular disease may be due to inadequate glycogen stores;
it may also present later (e.g., at 12-24 hours of age). Other factors that
may cause hypoglycemia in IDMs are decreased catecholamine and glucagon
secretion, as well as inadequate substrate mobilization (diminished hepatic
glucose production and decreased oxygenation of fatty acids).
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B. Diagnosis

1. Clinical presentation. Symptomatic, hypoglycemic IDMs are usually quiet
and lethargic rather than jittery. Symptoms such as apnea, tachypnea, respiratory
distress, hypotonia, shock, cyanosis, and seizures may occur. If symptoms are
present, the infant is probably at greater risk for sequelae. The significance of as-
ymptomatic hypoglycemia is unclear, but conservative management to maintain
the blood sugar level in the normal range (>40 mg/dL) appears to be indicated.

2. Laboratory studies. Our neonatal protocol is explained in V.B.1. The blood
glucose level is measured more often if the infant is symptomatic or has had
a low level previously. The blood glucose level is also measured to see the re-
sponse to therapy.

C. Treatment

1. Asymptomatic infants with normal blood glucose levels. In our nursery, we
begin feeding “well” IDMs by bottle or gavage with dextrose 10% (5 mL/kg
body weight) at or before 1 hour of age. Infants weighing <2 kg should have
parenteral dextrose starting in the first hour of life. Larger infants can be fed
hourly for three or four feedings until the blood sugar determinations are sta-
ble. Infants should be switched to formula feeding (20 cal/oz) if the feedings
are 2 hours apart or more. This schedule prevents some of the insulin release
associated with oral feeding of pure glucose. The feedings can then be given
every 2 hours and later every 3 hours, and as the interval between feedings
increases, the volume is increased. If by 2 hours of age the blood glucose level
is <40 mg/dL despite feeding, or if feedings are not tolerated, as indicated by
large volumes retained in the stomach, parenteral treatment is necessary.

2. Symptomatic infants, infants with a low blood glucose level after enteral
feeding, sick infants, or infants <2 kg in weight. The basic treatment ele-
ment is IV glucose administration through reliable access. Administration is
usually by peripheral IV catheter. Peripheral lines may be difficult to place
in obese IDMs, and sudden interruption of the infusion may cause a reactive
hypoglycemia in such hyperinsulinemic infants. Rarely, in emergency situations,
we have used umbilical venous catheters in the inferior vena cava until a stable
peripheral line is placed. Specific treatment is determined by the infant’s condi-
tion. If the infant is in severe distress (e.g., seizure or respiratory compromise),
0.5 to 1.0 g of glucose per kg of body weight is given by an IV push of 2 to
4 mL/kg of 25% dextrose in water (D/W) at a rate of 1 mL/min/kg. For ex-
ample, a 4-kg infant would receive 8 to 16 mL of 25% D/W over 2 to 4 minutes.
This is followed by a continuous infusion at a rate of 4 to 8 mg of glucose per
kg of body weight per minute. The concentration of dextrose in the IV fluid de-
pends on the total daily fluid requirement. For example, on day 1, the usual fluid
intake is 65 mL/kg, or 0.045 mL/kg/min. Therefore, 10% D/W would provide
4.5 mg of glucose per kg per minute, and 15% D/W would provide 6.75 mg
of glucose per kg per minute. In other words, 10% D/W at a standard IV fluid
maintenance rate usually supplies sufficient glucose to raise the blood glucose
level above 40 mg/dL. However, the concentration of dextrose and the infusion
rates are increased as necessary to maintain the blood glucose level in the normal
range (Fig. 24.1). The usual method in an infant not in severe distress is to give
200 mg of glucose per kg of body weight (2 mL/kg of 10% dextrose) over 2 to
3 minutes. This is followed by a maintenance drip of 6 to 8 mg of glucose per
kg per minute (10% dextrose at 80 to 120 mL/kg/day) (Fig. 24.1). If the infant
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is asymptomatic but has a blood glucose level in the hypoglycemic range, an
initial push of concentrated sugar should not be given in order to avoid a hyper-
insulinemic response. Rather, an initial infusion of 5 to 10 mL of 10% D/W at
1 mL/min is followed by continuous infusion at 4 to 8 mg/kg/min. Blood glu-
cose levels must be carefully monitored at frequent intervals after beginning IV
glucose infusions, both to be certain of adequate treatment of the hypoglycemia
and to avoid hyperglycemia and the risk of osmotic diuresis and dehydration.
Parenteral sugar should never be abruptly discontinued because of the risk of a
reactive hypoglycemia. As oral feeding progresses, the rate of the infusion can
be decreased gradually, and the concentration of glucose infused can be reduced
by using 5% D/W. It is vital to measure blood glucose levels during tapering
of the IV infusion. In difficult cases, hydrocortisone (5 mg/kg/day intramus-
cularly in two divided doses) has occasionally been helpful. In our experience,
other drugs (epinephrine, diazoxide, or growth hormone) have not been neces-
sary in the treatment of the hypoglycemia of IDMs. In a hypoglycemic infant,
if difficulty is experienced in achieving vascular access, we may administer
crystalline glucagon intramuscularly or subcutaneously (300 pg/kg to a maxi-
mum dose of 1.0 mg), which causes a rapid rise in blood glucose levels in large
IDMs who have good glycogen stores; the response is not reliable in smaller
infants of maternal classes D, E, E and others. The rise in blood glucose may last
2 to 3 hours and is useful until parenteral glucose can be started. T