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INTRODUCTION — The majority of clinically recognized pregnancies
have no complications and result in the birth of a healthy child.
However, 15 to 20 percent tragically end in loss [1]. These embryonic
and fetal losses are devastating for expectant parents at any stage of
pregnancy.
The incidence, etiology, and evaluation of second and third trimester
fetal death will be discussed here. Early pregnancy loss is reviewed
separately. (See "Cytogenetic abnormalities in the embryo; fetus; and
infant-I" and see "Spontaneous abortion").
DEFINITION — A fetal death is defined by the World Health
Organization as death prior to birth (ie, expulsion or extraction of the
baby from the mother) at any gestational age. The standardized
definition for fetal mortality used by the United States National Center
for Health Statistics (NCHS) is similar and adds that stillbirth is
indicated by the absence of breathing, heart beats, pulsation of the
umbilical cord, or definite movements of voluntary muscles [2].
Transient cardiac contractions and fleeting respiratory efforts or
gasps are not considered signs of life. Induced abortions should be
excluded unless performed to deliver an in utero fetal demise. (See
"Perinatal mortality: definitions and causes").

The interpretation of comparative stillbirth data is complicated
because certain states and other nations often use different criteria
for reporting fetal death (eg, fetal death 16 weeks of gestation, fetal
death 28 weeks of gestation, stillbirth weight 350 grams, stillbirth
weight 500 grams). These differences can account for 14 to 40
percent of the variation in reported perinatal mortality rates [3]. In
addition, some authors distinguish between early (less than 20 weeks),
intermediate (20 to 27 weeks), and late (28 or more weeks) fetal
deaths.
INCIDENCE — The most recent NCHS data available show a fetal
mortality rate of 6.6 per 1000 births in 2000 [4]; approximately
half of these deaths occurred in the third trimester. A review of
March of Dimes database of 34,350 births with careful attention
determination of gestational age and data collection found a 1.2
percent incidence of stillbirth [5]. The incidence after 20 weeks,
28 weeks, and at term was 1/100, 1/250, and 1/500 births,
respectively.
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Unexplained fetal death (defined as an antepartum death unexpected
by history and with no demonstrable cause after thorough autopsy and
histopathological examination [6]) occurred in one in 730 pregnancies
at term in a study from North East Thames [7]. By comparison, the
risk of stillbirth at term from any cause was one in 529 pregnancies
during the same period (1989 to 1991).
The incidence of fetal death varies according to maternal race. The
rate is higher in black compared to white women (12.5 versus 5.8 per
1000 births, respectively, in the United States) [4]. Although all racial
groups in the United States have been experiencing a decrease in fetal
death rate, the fall has been greater in whites than blacks (30 versus
16 percent between 1980 and 1998) [4,8].
DEMOGRAPHIC FACTORS — Several maternal demographic factors
are associated with an increased risk of intrauterine fetal demise. In
one large multicenter study, a higher rate of fetal death compared to
controls was observed for age 35 years (odds ratio 3.5), weight 85
kg (187 pounds) (OR 2.1), black race (OR 1.6), single marital status
(OR 1.6), and smokers (OR 1.5) [5]. These demographic risk factors
are further illustrated by the following examples:

• Advanced maternal age is a risk factor for stillbirth, even after
excluding coexisting medical conditions [9,10]. As an example, one
study of pregnancy outcomes in women aged 35 to 40 years found a
1.4-fold increase in stillbirth compared to younger women; the increase
was 2.4-fold higher in women over age 40 [9]. The same authors noted
no increased risk of fetal mortality in women less than 18 years of age
[11], although others have found an association [1]. In another report,
older women had a significantly higher risk for unexplained fetal death
[12]. (See "Effect of advanced age on fertility and pregnancy in
women").
• The relationship of prepregnancy body-mass-index (BMI) to late
fetal death was examined in a population-based cohort of 167,750
Swedish women [13]. Among nulliparous women, the odds ratios for
late fetal death increased threefold among women with BMI values 25
to 29.9 and fourfold in women with BMI 30 as compared to lean
women. The mechanism(s) for this association is not known.
• The fetal death rate in single women is twice as high as in married
women (11.4 versus 6.0 per 1000 births) [14]. The higher stillbirth
rate among unmarried women may be more closely related to a
relatively disadvantaged status than to their marital state. Unmarried
mothers, for example, are more likely to be black and have poorer
socioeconomic situations and inadequate prenatal care compared to
married women [15].
Smoking is associated with several adverse pregnancy outcomes,
including stillbirth, abruption, and fetal growth restriction [14,16].
(See "Smoking and pregnancy"). High parity, long interpregnancy
interval, and years of maternal education are other purported risk
factors for fetal death in some [14,17-20], but not all, studies [5].
(See "Interpregnancy interval and pregnancy outcome").
ETIOLOGY — Causes of fetal death are typically categorized according
to the compartment primarily responsible for the pathologic process:
• Fetal (Table 1)
• Maternal (Table 2)
• Placental (Table 3)

Table 1

Table 2

Table 3
The process may be acute (eg, abruption, umbilical cord compression),
subacute (eg, infection, fetomaternal hemorrhage), or chronic (eg,
uteroplacental insufficiency) [21-24]. Some disorders cause death
directly (eg, infection), while others are indirectly related to the fetal
demise (eg, fetal growth restriction).
The types and frequencies of disorders responsible for fetal death in a
series of 66 carefully examined, consecutive stillbirths are shown in
Table 4 [25]. By comparison, the frequencies of disorders causing

fetal death reported in the literature are highly variable because of
differences in the populations studied. Many of these etiologies are
also interdependent, for example, uteroplacental insufficiency is
related to maternal hypertension and fetal growth restriction.

Table 4

The major pathologic processes that cause fetal death are
uteroplacental insufficiency leading to fetal asphyxia [26,27],
chromosomal and congenital abnormalities [28], antepartum
hemorrhage [29], and infection [30,31].
Intrauterine asphyxia — Acute or chronic intrauterine asphyxia is
the final common pathway for most causes of fetal death. In one
series of 765 stillbirths, hypoxia accounted for 43 percent of deaths;
the remainder were due to antepartum hemorrhage, congenital
anomalies, diabetes mellitus, trauma, or unclassified/miscellaneous
[29]. The subgroups and frequencies of hypoxia-related fetal death
were fetal growth restriction (26 percent), cord accidents (18
percent), maternal hypertension (17 percent), placental insufficiency
(17 percent), postmaturity (13 percent), and other (13 percent). (See
"Clinical features and prognosis of preeclampsia-I", see "Definition;
classification; and etiology of fetal growth restriction", and see
"Inherited thrombophilias in pregnancy-I").

U teroplacental insufficiency — Chronic maternal underperfusion
of fetal villi often results in a small (eg, placental weight <10th
percentile) ischemic placenta. The villi become smaller and smaller as
ischemia progresses and numerous large syncytial trophoblastic knots
develop. Chronic underperfusion ultimately results in placental
infarcts, which are clinically severe (eg, associated with fetal growth
restriction or stillbirth) if 20 percent or more of the placenta is
affected. These findings can occur with maternal hypertensive
disorders, cardiovascular disease, and hereditary and acquired
thrombophilias. The relationship between early and late pregnancy loss
and a maternal prothrombotic state is actively under investigation [3235]. (See "Inherited thrombophilias in pregnancy-I").
Umbilical cord complications — These are common causes of
fetal demise in the third trimester [22,36,37] because they are mostly
unpredictable and unpreventable.
• Knots — In one study, the incidence of umbilical cord knots was 1
percent [38]. The fetal mortality rate was higher in cords with a knot
compared to knot-free cords, 2.7 versus 0.5 percent, respectively
[38]. Although a knot is present, it is not necessarily the cause of
fetal death. Further evaluation is usually warranted.
• Nuchal cords — The presence of a nuchal cord antepartum is
often transient [39]; nevertheless, nuchal cords are associated with
increased risk to the fetus [40]. One series found that single nuchal
cords were present in one quarter of deliveries and multiple nuchal
cords were present in 3.7 percent [41]. An increase in blood flow
resistance has been noted with even a single nuchal coil, oxygen
saturation of umbilical cord blood can be altered, and a persistent
nuchal cord can be associated with reduction in the middle cerebral
artery S/D ratio (suggesting redistribution of blood flow to the brain)
[39,41]. As a result, nuchal cords can be associated with fetal
distress in labor, passage of meconium, growth restriction, and lower
Apgar scores [42], although most fetuses with a nuchal cord are not
severely stressed [39].
It is important to note, however, that the mere presence of one or
multiple coils is rarely associated with fetal mortality [40,43]. An

important distinction should be made between the types of coiling (ie,
type A or B) to assess the degree of risk. A type A encirclement can
undo itself, as the placental insertion end crosses over the umbilical
insertion end. By comparison, in a type B coil the placental end crosses
under the umbilical end, and it therefore becomes locked [44]. It is
thought that type B encirclements, therefore, are the ones that
increase the risk of fetal mortality.
• Insertion abnormalities — Insertion abnormalities such as
marginal insertion and velamentous insertion can also cause fetal
death. Marginal insertions, which occur in 5 to 7 percent of
pregnancies, appear more prone to vessel rupture or compression,
thereby resulting in fetal demise [45,46]. Velamentous cord insertions,
which occur in approximately 1 percent of singleton births, are
susceptible to folding and torsion of umbilical vessels; those that
traverse the internal cervical os are prone to rupture and infection
[22].
• Prolapse — Umbilical cord prolapse can result in fetal death from
compression of the cord between the fetus and uterus or maternal
pelvis. It is most common during labor and in women with preterm
premature rupture of membranes. (See "Umbilical cord prolapse").
• Constriction — Umbilical cord constriction has been implicated
as a rare cause of fetal death [22,47-50]. The major pathological
features are an extremely narrow segment at the fetal end of the
cord (rarely the placental end) with absence of Wharton's jelly,
stenosis, torsion, intravascular cord thrombosis, or obliteration of
cord vessels [22,47].
Antiphospholipid antibody syndrome — The presence of
maternal antiphospholipid antibodies has been linked to recurrent first
trimester abortions and fetal demise (usually occurring in the early
second trimester) [51]. Some, but not all, studies suggest that women
with antiphospholipid antibodies and systemic lupus erythematosus
and/or history of fetal loss, as well as those with specific types of
antiphospholipid antibodies, may be at an increased risk for adverse
obstetrical outcomes. The mechanism is unclear; direct cytotoxic
effects, vasculopathy, and placental thrombosis may all play a role.

(See "Clinical manifestations and diagnosis of the antiphospholipid
antibody syndrome in pregnancy").
Chromosomal abnormalities — Abnormal fetal karyotypes are
associated with fetal loss at all stages of pregnancy. In one series, for
example, karyotyping of a combined group of 823 stillbirths and
neonatal deaths found a major chromosomal abnormality in 6.3 percent
[28]. The frequency of abnormal karyotype in macerated stillbirths,
nonmacerated stillbirths, and neonatal deaths was approximately 12,
4, and 6 percent, respectively. The abnormalities reported were mostly
comprised of trisomies 18, 13, and 21; sex chromosome aneuploidy;
and unbalanced translocations. The frequency of chromosomal
abnormality in this combined group was approximately 10-fold higher
than that observed in live births (0.7 percent). (See "Cytogenetic
abnormalities in the embryo; fetus; and infant-I").
The rate of karyotypic abnormalities is increased in the following
situations:
• Fetal deaths at earlier gestational ages. The prevalence of
chromosomal abnormalities in clinically recognized first trimester
losses appears to be in the range of 60 to 90 percent and is strongly
correlated with maternal age [52-55]. The prevalence falls to 50
percent at 12 to 15 weeks, 24 percent at 16 to 19 weeks, 12 percent
at 20 to 27 weeks, and 6 percent among stillborns near or at term
[56].
• Structurally abnormal fetuses. The frequency of chromosomal
abnormalities is higher in structurally abnormal fetuses, with the
highest frequencies among those with the most severe anomalies [57].
Genetic amniocentesis performed after ultrasonographic identification
of a fetal malformation yields an 11 to 35 percent rate of karyotypic
abnormality.
• Growth restricted fetuses. Abnormal karyotypes are primarily
found in fetuses with both growth restriction and structural
abnormality. As an example, in a series of 458 growth restricted
fetuses at 17 to 39 weeks of gestation who were karyotyped, the risk
of chromosomal abnormality was twenty-fold higher in fetuses with

ultrasonographic evidence of fetal malformations than in those with
isolated growth restriction, 40 versus 2 percent, respectively [58].
Genetic versus chromosomal abnormalities — The presence of a
normal karyotype does not exclude the possibility of a genetic defect
(eg, cystic fibrosis, Tay-Sachs, sickle cell disease). Therefore, a
pregnancy loss may still be due to a genetic cause even though the
karyotype is normal. Presence of trophoblast inclusions, which are
abnormal infoldings of the villus trophoblast bilayer, have been
proposed as a marker of such genetically abnormal gestations. [59].
This finding could be clinically useful by removing the pregnancy loss
from the unexplained category when a karyotype was not, or could not,
be performed.
Congenital anomalies — Fifteen to twenty percent of stillbirths
have a major malformation. Malformations associated with fetal
demise, but unrelated to structural chromosomal abnormalities, include
abdominal wall defects, neural tube defects, Potter syndrome,
achondrogenesis, and amniotic band syndrome.
Infection — Infectious agents may lead to fetal demise as a result of
severe maternal systemic illness (eg, influenza), placental dysfunction
from placental infection (eg, malaria), or fetal systemic illness (eg,
Escherichia coli) [60]. Infection is more commonly associated with
early, as opposed to term stillbirth.
Fetal infection, acquired transplacentally or transcervically, is a
common cause of neonatal morbidity and, less often, of fetal mortality
[61-66]. (See "Pathogenesis of preterm birth"). Several types of viral,
bacterial, fungal, parasitic, and protozoal organisms have been
associated with fetal/congenital infection (Table 5).

Table 5

The vaginal flora, which may ascend into the uterine cavity and infect
the fetus, are the usual source of fetal infection associated with
premature rupture of membranes. Group B streptococcus and Gram
negative rods are the most common pathogens. Lethal fetal infection
acquired from maternal hematogenous seeding of the placenta most
often is due to parvovirus, listeria, and cytomegalovirus [67,68]. (See
"Placental infections" and see individual topic reviews on these
infections).
Other — The incidence of late fetal death in pregnancies complicated
by diabetes mellitus has been steadily falling [69]. Although fetal
mortality was 50 percent prior to the development of insulin, the
stillbirth rate in women with optimal glycemic control now approaches
that of nondiabetic women [70]. (See "Medical management of type 1
and type 2 diabetes mellitus during pregnancy").
Abruptio placenta, placenta previa, and vasa previa may also result in
fetal demise; the mechanism is decreased placental surface for gas

exchange in the former two disorders and exsanguination in the latter.
(See "Abruptio placentae" and see "Placenta previa-I").
Fetomaternal hemorrhage sufficiently large to cause death has been
reported in up to 5 percent of stillborns [71].
Unexplained fetal deaths — The causes of fetal death are often
complex and sometimes unknown; as many as 12 to 50 percent of
stillbirths have no identifiable etiology [72]. Some causes of fetal
demise have a higher incidence during specific periods of gestation.
The major causes of fetal loss in each of the trimesters can be
summarized as follows:
• First trimester: genetic abnormalities
• Second trimester: fetal infection and placental thrombosis
• Third trimester: cord accident and placental thrombosis
DELIVERY — Most women (80 to 90 percent) will spontaneously enter
labor within two weeks of fetal demise. Prolonged retention of a dead
fetus can cause consumptive coagulopathy due to gradual release of
thromboplastin from the products of conception into the maternal
circulation [73]. Induction of labor is typically initiated soon after
diagnosis of fetal death because of the emotional distress associated
with this event and the prospect of carrying a dead baby.
Drugs administered for induction of labor, particularly near term, can
be given according to standard obstetric protocols. (See "Induction of
labor: Indications, techniques, and complications-I"). However, these
regimens are often unsuccessful remote from term. Options for
second and early third trimester medical termination of pregnancy
include:
• For gestations less than 28 weeks, prostaglandin E2 (PGE2)
suppositories (20 mg inserted vaginally every four hours) are
administered until labor is induced. Pretreatment with acetaminophen,
compazine, and diphenoxylate is useful to minimize fever, nausea,
vomiting, and diarrhea, which invariably occur. The PGE2 dose should be
reduced to 5 to 10 mg if used at a more advanced gestation (off label
use) as uterine sensitivity and the risk of uterine rupture increase with
gestational age [74]. The risk of uterine rupture is highest in women

with a hysterotomy scar; these drugs should be used judiciously or,
preferably, not at all in this situation [75-77].
• High dose oxytocin (200 units in 500 mL saline at 50 mL per hour)
[78]. The mother should be observed for signs of water intoxication
and maternal electrolyte concentrations should be monitored at least
every 24 hours. Nausea and malaise are the earliest findings of
hyponatremia, and may be seen when the plasma sodium concentration
falls below 125 to 130 meq/L. This may be followed by headache,
lethargy, obtundation and eventually seizures, coma and respiratory
arrest.
• Misoprostol (50 to 200 mcg vaginally every 4 to 12 hours up to
four doses or 400 mcg orally every 4 hours) can induce labor and
result in successful expulsion in 80 to 100 percent of cases, but data
are limited [79-83]. It is not approved for this indication by the United
States Food and Drug administration. The American College of
Obstetricians and Gynecologists recommends that misoprostol n ot be
used for cervical ripening or labor induction in women with prior uterine
incisions [76].
Early second trimester losses (less than 24 weeks of gestation) can be
managed as second trimester termination of pregnancy. (See
"Termination of pregnancy: Second trimester-I"). Maternal morbidity is
similar to that observed in pregnancies without a fetal demise [84].
MOURNING — Grief and mourning are normal reactions to loss of a
child. Limited observational studies also describe psychological
sequelae in subsequent pregnancies, such as depression, posttraumatic stress disorder, and anxiety, as well as deleterious effects
on maternal-child attachment [85]. In general, grieving parents want
staff to appreciate the severity of their loss, offer understanding and
support, and allow them to talk about the death. Although it is
commonly assumed that seeing and holding the stillborn infant is
conducive to the mourning process, the value of this practice has
recently been questioned [86]. An appropriate policy consists of
empathetic, honest communication between parents and hospital staff
that acknowledges the specific needs and cultural practices of
individual couples [87].

VALUE OF PATHOLOGIC EXAMINATION — The cause of fetal death
can often be determined through gross and histopathologic
examination of the fetus and placenta [21,88-92]. Determining the
cause of death is important because sooner or later parents will want
to know "Why did this happen?" and "Will it happen again?" Answers to
these questions are often impossible without information gained from
pathologic examination [93-95]. For example:
• The clinical utility of the perinatal autopsy was illustrated in a
study of 77 fetal deaths [93]. The pathologic diagnosis confirmed the
clinical diagnosis in 29 percent of patients, changed or significantly
added to the diagnosis in 34 percent, and was inconclusive in 38
percent.
• In another series of 1477 stillbirths, autopsy findings identified the
cause of death in 46 percent of cases [95]. Among the 1239 stillborns
with any positive findings, new information resulting from complete
postmortem examination was obtained in 51 percent. This new
information influenced management of a future pregnancy: the
recurrence risk estimate changed in 40 percent of cases and
recommendations were changed for preconceptional care (9 percent),
prenatal diagnostic procedures (21 percent), prenatal management (7
percent), and neonatal management (3 percent).
Components of the perinatal autopsy — Compassionate parental
counseling is important to obtain informed consent before the
pathologic examination and to communicate the findings afterwards.
A perinatal autopsy consists of the following [96,97]:
• Review of the medical record to obtain the clinical history.
Informational gaps may be provided by the patient or her clinician.
• Birth weight and external measurements (eg, foot length, head and
chest circumference, crown-to-foot length)
• Photographs and x-rays
• Gross external examination of the stillborn, placenta, and cord

• Gross examination and weight of major fetal organs
• Microscopic examination of fetal organs, placenta, and cord
• Bacterial cultures of fetal blood and lung
The gross external examinations should be performed promptly. (See
"Placental anatomy and examination"). Cytogenetic, biochemical, and
molecular genetic studies and viral cultures can be obtained as
indicated. (See "Histopathology of placental disorders", see "Placental
infections", and see "Cytogenetic abnormalities in the embryo; fetus;
and infant-I"). One study evaluating a protocol for postmortem
examination of stillbirths concluded that gross examination,
photography, radiography, and bacterial cultures should be performed
in all cases, while karyotyping and microscopy could be reserved for
subjects abnormal on gross examination [98]. However, this protocol
might fail to detect some nongenetic disorders, such as viral infection
[99].
Specimen collection — Cytogenetic studies may be performed on
fetal blood, tissue, or body fluids, as long as the cells are viable. Fetal
blood can be collected from the umbilical cord; at least 3 mL should be
placed in a heparinized tube. Skin samples are obtained by washing the
skin with alcohol or sterile saline, drying the area with sterile gauge,
and removing one square centimeter of tissue with underlying dermis.
Fascia samples are usually taken from the Achilles tendon or thigh,
using sterile technique. Tissue samples should be placed in sterile
medium (eg, Hanks balanced salt solution) from the cytogenetics
laboratory or sterile saline solution and kept at room temperature (do
not use fixatives such as formaldehyde). Another 1 cm tissue sample
can be frozen for future studies, if required.
Laboratory testing — The following maternal tests are
recommended for women with an intrauterine fetal demise:
•
•
•
•
•

Random glucose concentration
Complete blood count (includes platelet count)
Antibody screen
Syphilis testing
Kleihauer-Betke

• Urine toxicology screen
Thyroid function tests, cytomegalovirus titer (IgM, acute and
convalescent IgG), toxoplasmosis titer (IgM, acute and convalescent
IgG), parvovirus titer (IgM), Listeria culture, lupus anticoagulant and
anticardiolipin antibody titers, and thrombophilia evaluation should be
obtained in selected patients. (See "Placental infections", see
"Parvovirus B19 infection during pregnancy", see "Overview of thyroid
disease in pregnancy", and see "Clinical manifestations and diagnosis of
the antiphospholipid antibody syndrome in pregnancy").
PROGNOSIS — The risk of recurrent fetal demise is not known, but
clearly depends upon the cause of the index death. For example, the
risk of Trisomy 21 (47,+21) in a subsequent fetus is approximately
one percent, whereas recurrent nonimmune hydrops from alphathalassemia is likely in 25 percent of offspring.
There were no recurrences in one series of 92 deliveries after
stillbirth [100]. By comparison, another study found an 8 percent rate
of repeat stillbirth, particularly among women with hypertension and
diabetes [101]. A third report in which 300 women with a previous
history of stillbirth were followed with antepartum fetal surveillance
noted one unexplained fetal death in a woman with two previous,
unexplained fetal deaths [102]. Thus, in most cases of fetal death in
which the etiology is known, a recurrence risk can be determined and
sometimes prenatal diagnosis and prevention are possible. Women with
an unexplained fetal death can be reassured that the risk of
recurrence is low.
I am indebted to Juliette C McSweet and Yifat A Levin for their
invaluable assistance in the research and preparation of this
manuscript.

References
1. Petitti, DB. The epidemiology of fetal death. Clin Obstet Gynecol
1987; 30:253.
2. Procedures for coding fetal cause of death (2003 revision).
Available at

http://www.cdc.gov/nchs/about/major/fetaldth/abfetal.htm#Data%2
0Highlights.
3. Graafmans, WC, Richardus, JH, Macfarlane, A, et al. Comparability
of published perinatal mortality rates in Western Europe: the
quantitative impact of differences in gestational age and birthweight
criteria. BJOG 2001; 108:1237.
4. Arias, E, MacDorman, MF, Strobino, DM, Guyer, B. Annual summary
of vital statistics--2002. Pediatrics 2003; 112:1215.
5. Copper, RL, Goldenberg, RL, DuBard, MB, Davis, RO. Risk factors for
fetal death in white, black, and Hispanic women. Collaborative Group on
Preterm Birth Prevention. Obstet Gynecol 1994; 84:490.
6. Froen, JF, Arnestad, M, Frey, K, et al. Risk factors for sudden
intrauterine unexplained death: epidemiologic characteristics of
singleton cases in Oslo, Norway, 1986-1995. Am J Obstet Gynecol
2001; 184:694.
7. Cotzias, CS, Paterson-Brown, S, Fisk, NM. Prospective risk of
unexplained stillbirth in singleton pregnancies at term: population based
analysis. BMJ 1999; 319:287.
8. Hsieh, HL, Lee, KS, Khoshnood, B, Herschel, M. Fetal death rate in
the United States, 1979-1990: trend and racial disparity. Obstet
Gynecol 1997; 89:33.
9. Jolly, M, Sebire, N, Harris, J, et al. The risks associated with
pregnancy in women aged 35 years or older. Hum Reprod 2000;
15:2433.
10. Fretts, RC, Schmittdiel, J, McLean ,FH, et al. Increased maternal
age and the risk of fetal death. N Engl J Med 1995; 333:953.
11. Jolly, MC, Sebire, N, Harris, J, et al. Obstetric risks of pregnancy in
women less than 18 years old [In Process Citation]. Obstet Gynecol
2000; 96:962.
12. Fretts, RC, Usher, RH. Causes of fetal death in women of advanced
maternal age. Obstet Gynecol 1997; 89:40.
13. Cnattingius, S, Bergstrom, R, Lipworth, L, Kramer, MS.
Prepregnancy weight and the risk of adverse pregnancy outcomes. N
Engl J Med 1998; 338:147.
14. Data from the National Center for Health Statistics, 1990.
Available at
http://www.cdc.gov/nchs/about/major/fetaldth/abfetal.htm#Data%2
0Highlights.
15. Ventura, SJ. Births to unmarried mothers: United States, 198092. Vital Health Stat 21; 1995.

16. Tuthill, DP, Stewart, JH, Coles, EC, et al. Maternal cigarette
smoking and pregnancy outcome. Paediatr Perinat Epidemiol 1999;
13:245.
17. Conde-Agudelo, A, Belizan, JM, Diaz-Rossello, JL. Epidemiology of
fetal death in Latin America. Acta Obstet Gynecol Scand 2000;
79:371.
18. Kallan, JE. Effects of interpregnancy intervals on preterm birth,
intrauterine growth retardation, and fetal loss. Soc Biol 1992; 39:231.
19. Chen, J, Fair, M, Wilkins, R, Cyr, M. Maternal education and fetal and
infant mortality in Quebec. Fetal and Infant Mortality Study Group of
the Canadian Perinatal Surveillance System [published erratum appears
in Health Rep 1998 Winter;10(3):77]. Health Rep 1998; 10:53.
20. Stephansson, O, Dickman, PW, Cnattingius, S. The influence of
interpregnancy interval on the subsequent risk of stillbirth and early
neonatal death. Obstet Gynecol 2003; 102:101.
21. Kliman, HJ. The placenta revealed [comment]. Am J Pathol 1993;
143:332.
22. Kliman, HJ. Umbilical cord. In Knobil E, Neill, JD, eds. Encyclopedia of
Reproduction, vol 4, pp 915-23. San Diego, Academic Press, 1999.
23. Kliman, HJ. Trophoblast to human placenta. In Knobil E, Neill, JD,
eds. Encyclopedia of Reproduction, vol 4, pp 834-46. San Diego,
Academic Press, 1999.
24. Kliman, HJ. Uteroplacental blood flow. The story of decidualization,
menstruation, and trophoblast invasion. Am J Pathol 2000; 157:1759.
25. Ahlenius, I, Floberg, J, Thomassen, P. Sixty-six cases of
intrauterine fetal death. A prospective study with an extensive test
protocol. Acta Obstet Gynecol Scand 1995; 74:109.
26. Sheppard, BL, Bonnar, J. Uteroplacental hemostasis in intrauterine
fetal growth retardation. Semin Thromb Hemost 1999; 25:443.
27. Simmons, LA, Hennessy, A, Gillin, AG, Jeremy, RW. Uteroplacental
blood flow and placental vascular endothelial growth factor in
normotensive and pre-eclamptic pregnancy. BJOG 2000; 107:678.
28. Hsu, LYF. Prenatal diagnosis of chromosomal abnormalities through
amniocentesis. In: Genetic Disorders and the Fetus, 4th ed, Milunsky, A
(Ed), The Johns Hopkins University Press, Baltimore 1998. p.179.
29. Morrison, I, Olsen, J. Weight-specific stillbirths and associated
causes of death: An analysis of 765 stillbirths. Am J Obstet Gynecol
1985; 152:975.
30. Newton, ER. Chorioamnionitis and intraamniotic infection. Clin
Obstet Gynecol 1993; 36:795.

31. Watterberg, KL, Scott, SM, Naeye, RL. Chorioamnionitis, cortisol,
and acute lung disease in very low birth weight infants. Pediatrics
1997; 99:E6.
32. Laude, I, Rongieres-Bertrand, C, Boyer-Neumann, C, et al.
Circulating procoagulant microparticles in women with unexplained
pregnancy loss: a new insight. Thromb Haemost 2001; 85:18.
33. Martinelli, I, Taioli, E, Cetin, I, et al. Mutations in coagulation factors
in women with unexplained late fetal loss. N Engl J Med 2000;
343:1015.
34. Preston FE, Rosendaal, FR, Walker, ID, et al. Increased fetal loss in
women with heritable thrombophilia. Lancet 1996; 348:913.
35. Gris, JC, Quere, I, Monpeyroux, F, et al. Case-control study of the
frequency of thrombophilic disorders in couples with late foetal loss
and no thrombotic antecedent--the Nimes Obstetricians and
Haematologists Study5 (NOHA5). Thromb Haemost 1999; 81:891.
36. Naeye, RL. Functionally important disorders of the placenta,
umbilical cord, and fetal membranes. Hum Pathol 1987; 18:680.
37. Heifetz, SA. The umbilical cord: obstetrically important lesions. Clin
Obstet Gynecol 1996; 39:571.
38. Sornes, T. Umbilical cord knots. Acta Obstet Gynecol Scand 2000;
79:157.
39. Clapp JF, 3rd, Stepanchak, W, Hashimoto, K, et al. The natural
history of antenatal nuchal cords. Am J Obstet Gynecol 2003;
189:488.
40. Larson, JD, Rayburn, WF, Crosby, S, Thurnau, GR. Multiple nuchal
cord entanglements and intrapartum complications. Am J Obstet
Gynecol 1995; 173:1228.
41. Carey, JC, Rayburn, WF. Nuchal cord encirclements and risk of
stillbirth. Int J Gynaecol Obstet 2000; 69:173.
42. Spellacy, WN, Gravem, H, Fisch, RO. The umbilical cord
complications of true knots, nuchal coils, and cords around the body.
Am J Obstet Gynecol 1966; 94:1136.
43. Larson, JD, Rayburn, WF, Harlan, VL. Nuchal cord entanglements
and gestational age. Am J Perinatol 1997; 14:555.
44. Collins, JH. Nuchal cord type A and type B. Am J Obstet Gynecol
1997; 177:94.
45. Cordero, DR, Helfgott, AW, Landy, HJ, et al. A non-hemorrhagic
manifestation of vasa previa: a clinicopathologic case report. Obstet
Gynecol 1993; 82:698.

46. Salafia, CM, Vintzileos, AM. Why all placentas should be examined
by a pathologist in 1990. Am J Obstet Gynecol 1990; 163:1282.
47. Sun, Y, Arbuckle, S, Hocking, G, Billson, V. Umbilical cord stricture
and intrauterine fetal death. Pediatr Pathol Lab Med 1995; 15:723.
48. Virgilio, LA, Spangler, DB. Fetal death secondary to constriction
and torsion of the umbilical cord. Arch Pathol Lab Med 1978; 102:32.
49. Hallak, M, Pryde, PG, Qureshi, F, et al. Constriction of the umbilical
cord leading to fetal death. A report of three cases. J Reprod Med
1994; 39:561.
50. Bakotic, BW, Boyd, T, Poppiti, R, Pflueger, S. Recurrent umbilical
cord torsion leading to fetal death in 3 subsequent pregnancies: a case
report and review of the literature. Arch Pathol Lab Med 2000;
124:1352.
51. Triplett, DA. Antiphospholipid antibodies and recurrent pregnancy
loss. Am J Reprod Immunol 1989; 20:52.
52. Be, C, Velasquez, P, Youlton, R. Spontaneous abortion: cytogenetic
study of 609 cases. Rev Med Chil 1997; 125:317.
53. Plachot, M. Chromosome analysis of spontaneous abortions after
IVF. A European survey. Hum Reprod 1989; 4:425.
54. Guerneri, S, Bettio, D, Simoni, G, Brambati, B, Lanzani, A, Fraccaro,
M. Prevalence and distribution of chromosome abnormalities in a
sample of first trimester internal abortions. Hum Reprod 1987; 2:735.
55. Strom, CM, Ginsberg, N, Applebaum, M, Bozorgi, N, White, M,
Caffarelli, M, Verlinsky, Y. Analyses of 95 first-trimester spontaneous
abortions by chorionic villus sampling and karyotype. J Assist Reprod
Genet 1992; 9:458.
56. Angell, RR, Sandison, A, Bain, AD. Chromosome variation in
perinatal mortality: a survey of 500 cases. J Med Genet 1984; 21:39.
57. Williamson, RA, Weiner, CP, Patil, S, et al. Abnormal pregnancy
sonogram: selective indication for fetal karyotype. Obstet Gynecol
1987; 69:15.
58. Snijders, RJ, Sherrod, C, Gosden, CM, Nicolaides, KH. Fetal growth
retardation: associated malformations and chromosomal abnormalities.
Am J Obstet Gynecol 1993; 168:547.
59. Kliman, HJ, Segel, L. The placenta may predict the baby. J Theor
Biol 2003; 225:143.
60. Goldenberg, RL, Thompson, C. The infectious origins of stillbirth.
Am J Obstet Gynecol 2003; 189:861.

61. Yoon, BH, Romero, R, Park, JS, et al. Fetal exposure to an intraamniotic inflammation and the development of cerebral palsy at the
age of three years. Am J Obstet Gynecol 2000; 182:675.
62. Wu, YW, Colford, JM Jr. Chorioamnionitis as a risk factor for
cerebral palsy: A meta-analysis. Jama 2000; 284:1417.
63. Saji, F, Samejima, Y, Kamiura, S, et al. Cytokine production in
chorioamnionitis. J Reprod Immunol 2000; 47:185.
64. Athayde, N, Romero, R, Maymon, E, et al. Interleukin 16 in
pregnancy, parturition, rupture of fetal membranes, and microbial
invasion of the amniotic cavity. Am J Obstet Gynecol 2000; 182:135.
65. Romero, R, Gomez, R, Ghezzi, F, et al. A fetal systemic
inflammatory response is followed by the spontaneous onset of
preterm parturition. Am J Obstet Gynecol 1998; 179:186.
66. Gomez, R, Romero, R, Ghezzi, F, et al. The fetal inflammatory
response syndrome. Am J Obstet Gynecol 1998; 179:194.
67. Skjoldebrand-Sparre, L, Tolfvenstam, T, Papadogiannakis, N, et al.
Parovirus B19 infection: association with third-trimester intrauterine
fetal death. BJOG 2000; 107:476.
68. Pitkin, RM. Fetal death: diagnosis and management. Am J Obstet
Gynecol 1987; 157:583.
69. Roberts, AB, Pattison, NS. Pregnancy in women with diabetes
mellitus, twenty years experience: 1968-1987. N Z Med J 1990;
103:211.
70. McElvy, SS, Miodovnik, M, Rosenn, B, et al. A focused
preconceptional and early pregnancy program in women with type 1
diabetes reduces perinatal mortality and malformation rates to general
population levels. J Matern Fetal Med 2000; 9:14.
71. Owen, J, Stedman, CM, Tucker, TL. Comparison of predelivery
versus postdelivery Kleihauer-Betke stains in cases of fetal death. Am
J Obstet Gynecol 1989; 161:663.
72. Incerpi, MH, Miller, DA, Samadi, R, et al. Stillbirth evaluation: what
tests are needed?. Am J Obstet Gynecol 1998; 178:1121.
73. Pritchard, JA. Fetal death in utero. Obstet Gynecol 1959; 14:573.
74. Kent, DR, Goldstein, AI, Linzey, EM. Safety and efficacy of vaginal
prostaglandin E2 suppositories in the management of third-trimester
fetal demise. J Reprod Med 1984; 29:101.
75. Lydon-Rochelle, M, Holt, VL, Easterling, TR, Martin, DP. Risk of
uterine rupture during labor among women with a prior cesarean
delivery. N Engl J Med 2001; 345:3.

76. American College of Obstetricians and Gynecologists. Induction of
labor with misoprostol. ACOG Committee Opinioin #228, American
College of Obstetricians and Gynecologists, Washington, DC 2000.
77. Wing, DA, Lovett, K, Paul, RH. Disruption of prior uterine incision
following misoprostol for labor induction in women with previous
cesarean delivery. Obstet Gynecol 1998; 91:828.
78. Toaff, R, Ayalon, D, Gogol, G. Clinical use of high concentration
oxytocin drip. Obstet Gynecol 1971; 37:112.
79. Bugalho, A, Bique, C, Machungo, F, Bergstrom, S. Vaginal
misoprostol as an alternative to oxytocin for induction of labor in
women with late fetal death. Acta Obstet Gynecol Scand 1995; 74:194.
80. Bugalho, A, Bique, C, Machungo, F, Faaundes, A. Induction of labor
with intravaginal misoprostol in intrauterine fetal death. Am J Obstet
Gynecol 1994; 171:538.
81. Merrell, DA, Koch, MA. Induction of labour with intravaginal
misoprostol in the second and third trimesters of pregnancy. S Afr
Med J 1995; 85:1088.
82. Eng, NS, Guan, AC. Comparative study of intravaginal misoprostol
with gemeprost as an abortifacient in second trimester missed
abortion. Aust N Z J Obstet Gynaecol 1997; 37:331.
83. Chittacharoen, A, Herabutya, Y, Punyavachira, P. A randomized
trial of oral and vaginal misoprostol to manage delivery in cases of
fetal death. Obstet Gynecol 2003; 101:70.
84. Magann, EF, Chauhan, SP, Bofill, JA, et al. Maternal morbidity and
mortality associated with intrauterine fetal demise: five-year
experience in a tertiary referral hospital. South Med J 2001; 94:493.
85. Hughes, PM, Turton, P, Evans, CD. Stillbirth as risk factor for
depression and anxiety in the subsequent pregnancy: cohort study. BMJ
1999; 318:1721.
86. Hughes, P, Turton, P, Hopper, E, Evans, CD. Assessment of
guidelines for good practice in psychosocial care of mothers after
stillbirth: a cohort study. Lancet 2002; 360:114.
87. National Fetal and Infant Mortality Review Program, Third National
Conference, Washington, DC, July 1998. (full text available at
http://www.acog.org/from_home/departments/dept_notice.cfm?recn
o=10&bulletin=797#top).
88. Redline, RW. Placental pathology: a neglected link between basic
disease mechanisms and untoward pregnancy outcome. Curr Opin
Obstet Gynecol 1995; 7:10.

89. Redline, RW, Patterson, P. Villitis of unknown etiology is associated
with major infiltration of fetal tissue by maternal inflammatory cells.
Am J Pathol 1993; 143:473.
90. Kovalovszki, L, Villanyi, E, Benko, G. Placental villous edema: a
possible cause of antenatal hypoxia. Acta Paediatr Hung 1990; 30:209.
91. Redline, RW, Wilson-Costello, D, Borawski, E, et al. The relationship
between placental and other perinatal risk factors for neurologic
impairment in very low birth weight children. Pediatr Res 2000;
47:721.
92. Redline, RW, Wilson-Costello, D, Borawski, E, et al. Placental lesions
associated with neurologic impairment and cerebral palsy in very lowbirth-weight infants. Arch Pathol Lab Med 1998; 122:1091.
93. Saller, DN Jr, Lesser, KB, Harrel, U, et al. The clinical utility of the
perinatal autopsy. JAMA 1995; 273:663.
94. Faye-Petersen, OM, Guinn, DA, Wenstrom, KD. Value of perinatal
autopsy. Obstet Gynecol 1999; 94:915.
95. Michalski, ST, Porter, J, Pauli, RM. Costs and consequences of
comprehensive stillbirth assessment. Am J Obstet Gynecol 2002;
186:1027.
96. Amercan College of Obstetricians and Gynecologists. Genetic
evaluation of stillbirths and neonatal deaths. ACOG Committee Opinion
No 257. American College of Obstetricians and Gynecologists,
Washington, DC 2001.
97. Bove, KE. Practice guidelines for autopsy pathology: the perinatal
and pediatric autopsy. Autopsy Committee of the College of American
Pathologists. Arch Pathol Lab Med 1997; 121:368.
98. Mueller, RF, Sybert, VP, Johnson, J, et al. Evaluation of a protocol
for post-mortem examination of stillbirths. N Engl J Med 1983;
309:586.
99. Naeye, RL. The investigation of perinatal deaths [editorial]. N Engl J
Med 1983; 309:611.
100. Heinonen, S, Kirkinen, P. Pregnancy outcome after previous
stillbirth resulting from causes other than maternal conditions and
fetal abnormalities. Birth 2000; 27:33.
101. Samueloff, A, Xenakis, EM, Berkus, MD, et al. Recurrent stillbirth.
Significance and characteristics. J Reprod Med 1993; 38:883.
102. Weeks, JW, Asrat, T, Morgan, MA, et al. Antepartum surveillance
for a history of stillbirth: when to begin?. Am J Obstet Gynecol 1995;
172:486.

Keywords
Abruptio placentae
Antiphospholipid antibody syndrome
Bereavement
Blacks
Body mass index
Chromosomal abnormalities
Congenital anomalies
Cytogenetics
Developmental abnormalities
Diabetes mellitus
Fetal loss;Major topics;Major topics;Pathogenesis
Fetomaternal hemorrhage
Intrauterine asphyxia;Major topics;Major topics
Intrauterine growth restriction
Karyotype
Kleihauer Betke test
Labor induction
Maternal age
Meconium
Meconium induced vascular necrosis;Moderate topics
Miscarriage
Nuchal cord;Major topics
Perinatal asphyxia;Major topics
Perinatal autopsy;Major topics
Perinatal infection;Moderate topics
Pregnancy
Second trimester
Stillbirth=Stillborn;Major topics;Major topics
Third trimester
Umbilical cord
Umbilical cord knot
Umbilical cord prolapse
Uteroplacental vasculopathy;Moderate topics

