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RAUMA DURING PREGNANCY HAS

been recognized as an impor-

tant cause of adverse fetal and

maternal outcomes.! While
early reports described incidents re-
sulting from falls, blows, and as-
saults,” later reports increasingly in-
volved automobile crashes.’* By the
mid-1960s, the problem of pregnancy
and motor vehicle crashes was recog-
nized by trauma and obstetric special-
ists.”” Over the next decade, many hos-
pital-based case series of fetal outcome
following maternal trauma were pub-
lished.®!'” However, even for the most
severe outcomes resulting in fetal or
neonatal death, the lack of inclusion of
such cases in vital statistics reports and
exclusion from injury surveillance sys-
tems have led to a lack of population-
based statistics. These data are needed
to understand the relative public health
burden and the proportional contribu-
tions of different injury mechanisms.
Such understanding is needed to put
these incidents in context with other in-
jury-related deaths and to target pre-
vention efforts.

In their report of fetal motor vehicle—
related deaths from 9 county series of
coroner cases, Agran et al'® were the first
to suggest that fetal crash-related deaths
might represent an important but un-
reported proportion of motor vehicle—
related deaths. Lane' reported a coro-
ner series of motor vehicle-related
third-trimester fetal deaths in Ontario
from 1982 to 1986, but did not de-
scribe other causes of traumatic fetal
deaths.
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Context Maternal and fetal trauma is an important cause of adverse fetal out-
comes. However, systematic exclusion from US injury surveillance programs of even
the most severe outcome, fetal/neonatal death, has led to a lack of understanding
about frequency, causes, and prevention.

Objective To determine the rate of traumatic fetal deaths reported in state fetal death
registries and the types of trauma and physiologic diagnoses associated with these deaths.

Design and Setting Retrospective descriptive study of fetal death certificates from
1995 through 1997 obtained from 16 states, which accounted for 55% of US live births
and approximately 15000 fetal death registrations per year.

Main Outcome Measure Rate of fetal injury deaths, based on fetal death certifi-
cates coded with an underlying cause of death due to maternal injury at 20 weeks’
gestation or later, by cause.

Results During the 3-year study period, 240 traumatic fetal injury deaths were iden-
tified (3.7 fetal deaths per 100000 live births). Motor vehicle crashes were the leading
trauma mechanism (82 % of cases; 2.3 fetal deaths per 100000 live births), followed
by firearm injuries (6% of cases) and falls (3% of cases). In 3 states, reported crash-
related fetal deaths exceeded that of crash-related infant deaths. Placental injury was
mentioned in 100 cases (42%) and maternal death was noted in 27 cases (11%). A
peak rate of 9.3 fetal deaths per 100000 live births was observed among 15- to 19-
year-old women.

Conclusions Motor vehicle crashes are the leading cause of fetal deaths related to
maternal trauma. Improved tracking of traumatic fetal injury deaths is important to
stimulate and guide research and efforts to reduce the risks to women and fetuses
from injury during pregnancy.
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In addition, few reports on fetal death
and stillbirth separate trauma as a cause
of death and none report contributions
by injury types.?** This occurs because
international coding conventions sub-
sume these cases to a nonspecific code
for “death due to maternal injury,” often
included in broader categories. Fur-
ther, because the International Classifi-
cation of Diseases (ICD) code for death
due to maternal injury (760.5) is nei-
ther an external cause (E-code) nor in
the range included in most injury case
definitions, such cases have gone unre-
ported in state and national injury sur-
veillance reports. In crash data sys-
tems, fetal deaths are excluded from the
case definition of a crash victim. With-

out case ascertainment and population-
based surveillance, the magnitude and
trends of the fetal deaths from trauma,
as well as who is at risk, and what cir-
cumstances carry the highest risk will
remain unknown. This makes it impos-
sible to prioritize, develop, and evalu-
ate effective prevention strategies.
This study sought to answer the fol-
lowing questions: (1) What is the rate
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of traumatic fetal injury deaths re-
ported in state fetal death registries? (2)
What types of trauma are responsible
for these deaths? and (3) What are the
physiologic diagnoses associated with
these deaths?

METHODS
Data Sources and Retrieval

Most state health departments main-
tain fetal death registries.*** Similar to
standard death certificates, fetal death
certificates include sections for identi-
fiers, demographics, and cause of death
narratives but also document preg-
nancy risk factors. In most states, only
fetal deaths of 20 weeks’ gestation or
more are reported.”* E-codes that clas-
sify mechanisms of injury death (car
crashes, falls, firearms, etc) are rarely
used. Therefore, to obtain details on in-
jury mechanisms, it was necessary to
examine certificate narratives.

A feasibility study was conducted to
ascertain the usefulness of the mater-
nal injury ICD code.*® All 4925 fetal
death certificates (all causes) for 1995
and 1996 in 1 large state were hand re-
viewed. Each manually identified trau-
matic fetal death was compared with the
state’s computerized listing of 760.5
coded cases. All 17 computer file cases
were identified by the manual review
and if maternal injury was listed as the
cause of death on the certificate it was
coded 760.5, suggesting that the 760.5
code would comprise an efficient screen
for potential cases. The pilot study also
showed that mechanism of injury was
usually available in the fetal death cer-
tificate narrative.

Next, all US health departments were
queried about the accessibility and us-
ability of their fetal death registry. In-
complete responses were received from
8 states. Four states would not allow ex-
ternal research using their fetal death
certificates. Twenty-two others had
policies or practices that prevented ac-
cess to or hindered use of the data (eg,
lack of computerization or coding). For-
mal data requests were then sent to the
16 remaining states, which represent
55% of the US live births and approxi-
mately 15000 fetal death registrations
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per year during the study period from
1995 through 1997. States were asked
to screen their computerized regis-
tries and provide death certificates for
all cases with an underlying cause code
of 760.5.

Data Abstraction and Coding

A certified nosologist assigned E-
codes by examining fetal or maternal
conditions causing fetal death, other sig-
nificant conditions contributing to fe-
tal death, and other certificate narra-
tive. After data entry and export to SPSS
Windows version 8.0 (SPSS Inc, Chi-
cago, Il1), range and frequency checks
were run and the data manually re-
viewed for outliers and miscodes. Po-
tential errors were examined and com-
pared with the original death certificate.
To reduce the risk of introducing bias
from the 23 records that were missing
fetal age, we used available data on fe-
tal weight and age from existing cases
and linear regression to estimate ges-
tational age similar to methods re-
ported by Gaudino et al.*

Case Definition

Any fetal death at 20 weeks’ gestation
or later effected by an in utero trau-
matic externally caused injury to the fe-
tus or the mother, excluding birth-
related trauma and therapeutic
abortion, in which the fetus died be-
fore birth, was considered a case of trau-
matic fetal death.

Three certificates were coded 760.5
and marked as pending but had no other
evidence of maternal injury. They were
included on the assumption that they
were cases of maternal injury but lacked
official findings as to cause. For 3 pairs
of twins, each fetus was counted as a
separate case because live birth denomi-
nators counted twin births as 2 births.
To minimize the number of cases not
meeting the case definition, death cer-
tificates were excluded if they indi-
cated: (1) a history of nontrauma-
related maternal surgery, (2) iatrogenic
causes (medical or surgical complica-
tions), (3) maternal or fetal injuries oc-
curring more than 30 days prior to the
death, (4) exposure to cigarettes, alco-

hol, or other drugs without evidence of
trauma, (5) umbilical cord accidents and
fetal asphyxia, (6) amniocentesis, (7)
traumatic ruptures of the amniotic sac
with no external cause listed, and (8)
cases in which death occurred before 20
weeks’ gestation. There were 32 exclu-
sions among 272 obtained fetal death
certificates, leaving 240 cases for analy-
sis. Placental injury was defined as men-
tion of any of the following placental-
related conditions or their common
variants: separation, abruption, in-
farct, rupture, laceration, insuffi-
ciency, disturbed uteroplacenta blood
flow, or hemorrhage.

Analysis

Fetal injury death rates were calcu-
lated as the number of fetal deaths per
100000 live births in the midpoint year
0f 1996 and the number of traumatic
fetal deaths per 1000 reported fetal
deaths in 1995 (most recent year
available).” Traumatic fetal deaths were
further classified by subgroups, includ-
ing state, mechanism of injury, gesta-
tional age, and mother’s age and race.
Overall and mechanism-specific fetal
traumatic injury deaths were com-
pared with infant traumatic injury
deaths. Point estimates and 95% con-
fidence intervals (Cls) of the rate ratio
(RR) comparing fetal deaths with in-
fant deaths were computed per stan-
dard methods.*

RESULTS

During the 3-year study period, 240
traumatic fetal deaths were identified.
There were 3.7 traumatic fetal deaths
per 100000 live births per year (95%
CI, 3.2-4.1) with a range by state from
0 to 6.5 (TABLE 1). Fetal traumatic in-
jury-related death was 5.4 per 1000 fe-
tal deaths, with a range by state of 0 to
10. The mean gestational age of af-
fected fetuses was 29.4 (SD, 5.7) weeks.
Gestational ages in 4-week groupings
were distributed as follows excluding
unknowns: 20% at 20 to 23 weeks, 20%
at 24 to 27 weeks, 20% at 28 to 31
weeks, 25% at 32 to 35 weeks, and 16%
at 36 weeks or greater. A total of 51%
of the fetuses were female.
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The mean maternal age was 23.8 years
(range, 15-42 years). The 15- to 19-year-
old age group contained the most cases
and the highest rate of fetal injury deaths
with the peak rate occurring among 17-
to 19-year-olds. A strong inverse rela-
tionship was observed by maternal age.
The number (9.3) of traumatic fetal in-
jury deaths per 100000 live births was
highest among 15- to 19-year-olds (95%
CI,5.7-12.9) decreasing to 1.7 (95% CI,
0.2-3.3) among women older than 34
years (FIGURE 1). The rates by mater-
nal race were 4.4 deaths per 100000 live
births (95% CI, 3.2-5.5) for blacks and
3.2 deaths per 100000 live births for
whites (95% CI, 2.6-3.6) but the differ-
ence was not statistically significant.
Rates by ethnicity were 3.9 deaths per
100000 births for non-Hispanic and 2.8
deaths per 100000 for Hispanic and eth-
nicity not stated.

Among traumatic fetal injury death
cases with known mechanisms 150
(82%) involved motor vehicle-related
crashes, 11 (6%) involved firearm in-
juries, and 6 (3%) were fall-related. De-
tails on the motor vehicle—related cases
are shown by state in TABLE 2. Six cases
were coded as intentional injuries and
1 as self-inflicted. Fifty-six (23%) cases
could not be coded to an injury mecha-
nism or intent and few E-codes could
be assigned to the highest level of de-
tail. For example, while motor vehicle—
related codes predominated, there was
not enough information on the certifi-
cates to differentiate between the
mother driving or being a passenger.

Placental injury was reported in 100
cases (42%), both in the narrative and
check-box portion of the certificates. Fre-
quently, the check-box was not used
even though there was strong indica-
tion of placental abruption on the cer-
tificate. Younger maternal age groups
appeared to have a slightly higher pro-
portion of placental injury but a x* test
showed no overall age effect (FIGURE 2).
In logistic regression analyses, gesta-
tional age was of borderline signifi-
cance (P=.05) as a risk factor for pla-
cental injury, but was not a particularly
strong predictor (R=0.085). Placental
injuries were associated with 47% of the
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]
Table 1. Fetal Death Certificate Procurement and Annualized Traumatic Fetal Injury—Related

Deaths in the United States, 1995-1997*

1996 Live 1995 Fetal Fetal Injury Annual Rate per  Annual Rate per
State Births, No. Deaths, No. Deaths, No. 1000 Fetal Deaths 100000 Live Births

California 539433 3364 54 5.4 3.3
Texas 330406 1962 34 5.8 3.4
lllinois 183180 1270 14 3.7 2.5
Pennsylvania 151692 1265 26 6.9 5.7
Ohio 148338 1150 1 3.2 2.5
New Jersey 114 306 720 7 3.2 2.0
Georgia 114043 1248 15 4.0 4.4
North Carolina 104470 822 17 6.9 5.4
Massachusetts 80276 443 6 4.5 2.5
Tennessee 77945 419 12 9.5 5.1
Washington 73754 407 8 6.6 3.6
Minnesota 63700 367 11 10.0 5.8
Kentucky 52706 383 9 7.8 5.7
South Carolina 51117 464 10 7.2 6.5
Connecticut 44 469 290 0 0 0

Utah 42087 234 6 8.5 4.8
Total 2171922 14808 240 5.4 3.7

*Fetal death data in 1995 are from the National Center for Health Statistics.

motor vehicle occupant-related cases. Of
9 (4%) cases with uterine rupture, 7 were
motor vehicle-related and 4 occurred in
older, almost full-term fetuses (=36
weeks’ gestation) and none occurred in
the 20 to 27 weeks’ gestation fetuses.
Amongall cases, the delivery method was
not stated one fourth of the time. When
the delivery method was specified
(n=179), the proportion of cesarean
deliveries was 46%. For comparison,
cesarean deliveries were performed 21%
of the time among all live births in 1996.%

Of the 240 fetal deaths, 27 (11%) ma-
ternal deaths were noted. Approxi-
mately 26% of the maternal deaths oc-
curred in black women and 11% in
Hispanic women, which comprised 19%
and 24% of the live births, respectively,
in the surveyed states. Among the 22 ma-
ternal deaths in which the injury mecha-
nism was specified, 14 (64%) were due
to motor vehicle-related causes and 4
(18%) to gunshot wounds.

For selected medical factors that were
mentioned frequently enough to war-
rant comparisons, it is possible to com-
pare the occurrence rate of those fac-
tors with the population of US live births.
Using data from published 1996 natal-
ity statistics,”® RRs and Cls were com-
puted (TABLE 3). The RR was 35.1 (95%

]
Figure 1. Fetal Traumatic Injury—Related
Mortality by Maternal Age Group,
1995-1997

14.04
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6.0
4.04
2.0+

Rate per 100000 Live Births

P |
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Maternal Age Group, y

Fetal traumatic injury—related mortality (with 95% con-
fidence intervals) represents all causes in the sampled
states from 1995 through 1997.

CI, 26.4-46.6) for abruptio placenta. The
month of initiation of prenatal care was
recorded on 157 of the certificates. First-
trimester prenatal care began in 71.3%
of the cases with known month. For
comparison, the National Center for
Health Statistics report indicated that
81.8% of all live births began prenatal
care in the first trimester in 1996.%

COMMENT

Based on fetal death certificates from 16
states representing 55% of the US live
births from 1995 through 1997, a total
of 240 traumatic fetal injury deaths were
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Table 2. Fetal and Infant Deaths Related to Motor Vehicle-Related (MV) Trauma by State®

No. of Fetal MV
Deaths Reported Fetal Deaths/Year

Fetal MV Death

Rate per 1000

Fetal MV Death Rate
per 100000 Live

No. of Infant MV
Deaths Reported

Infant MV
Death Rate per
100000 Live Births

Ratio of Fetal
vs Infant MV Death
Rate per 100 000

(1995-1997) (Annualized)t Births (Annualized)t (1993-1995)§ (Annualized) Live Births
California 17 1.7 1.1 70 4.3 0.2
Texas 26 4.4 2.6 58 5.9 0.4
lllinois 9 2.4 1.6 18 3.3 0.5
Pennsylvania 20 5.3 4.5 13 2.9 1.5
Ohio 10 2.9 2.2 12 2.6 0.8
New Jersey 4 NA NA 29 8.5 NA
Georgia 10 2.7 2.9 29 8.5 0.3
North Carolina 10 4.1 3.2 28 9.0 0.4
Massachusetts 4 NA NA 2 NA NA
Tennessee 10 8.0 4.5 20 9.1 0.5
Washington 3 NA NA 5 2.1 NA
Minnesota 6 5.4 3.1 6 3.1 1.0
Kentucky 9 7.8 5.7 4 NA NA
South Carolina 7 5.0 4.6 18 11.8 0.4
Connecticut 0 NA NA 1 NA NA
Utah 5 7.1 4.0 8 6.3 0.6
Total 150 3.4 2.3 321 4.9 0.5

*NA indicates not applicable due to rates shown only for cells with 5 or more cases.
tDenominator data from the National Center for Health Statistics.?

FDenominator data from 1996 (mid-year) US live births.?®

§Centers for Disease Control and Prevention. Ten leading causes of death by age group, 1993-1995.

]
Figure 2. Fetal Traumatic Injury Deaths by
Gestational Age and Placental Injury
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Proportion represents percentages relative to gesta-
tional age group in selected US states from 1995
through 1997.

identified (3.7 deaths per 100000 live
births). Extrapolating these data to the
United States would result in approxi-
mately 143 fetal deaths per year. An in-
verse relationship was observed be-
tween fetal mortality and maternal age,
suggesting that the ages at which
women are at highest risk for motor ve-
hicle injury and assault overlap greatly
with the ages of high birth rates.
Motor vehicle crashes accounted for
82% of the cases with specified mecha-
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nisms; the frequency approached al-
most half the reported number of in-
fant deaths due to motor vehicle crashes
in these states. In 3 states the reported
frequency of fetal deaths related to mo-
tor vehicles was higher than similarly
caused infant deaths. Extrapolating mo-
tor vehicle transport-related fetal deaths
in this study to the United States sug-
gests that at least 90 motor vehicle—
related fetal cases would occur annu-
ally. For comparison, an average of 179
cases per year are reported for infant
motor vehicle-related deaths.*

The motor vehicle-related fetal death
estimate is conservative because the
cases used for extrapolation do not
include (1) estimates of the contribu-
tion of fetal deaths before 20 weeks’
gestational age, (2) estimates of under-
reporting on the fetal death certifi-
cates, (3) proportional allocation of
unknown causes, (4) estimates of fetal
injuries leading to neonatal death, (5)
cases missed pertaining to maternal
deaths where there was no delivery, (6)
estimates of iatrogenic and trauma-
related elective abortion where the
maternal trauma initiated the chain of
events leading to fetal death, and (7)

considerations taking into account that
fetuses are exposed for a fraction (9/12
months) of a year. A conservative
adjusted estimate is that at least 369
motor vehicle-related deaths occur per
year in fetuses at greater than 20 weeks’
gestation (H.B.W., unpublished data).
This estimate takes into account the rea-
sonable assumptions of a 50% fetal
death certificate underreporting rate,
approximately 30 neonatal deaths per
year from traumatic fetal injury (esti-
mated from national mortality statis-
tics), and 123 missed cases due to mater-
nal death (estimated from age-specific
birth rate—adjusted motor vehicle deaths
in females).>> However, this estimate
does not account for fetal deaths
related to iatrogenic injuries, trauma-
related therapeutic abortions, and
deaths occurring at less than 20 weeks’
gestation. There is not enough avail-
able information to form reasonable es-
timates. With these limitations, it is not
unreasonable to presume that fetal
death from motor vehicle-related events
occurs at a higher frequency than in
infants.

There was little evidence that older
fetuses (=24 weeks) have a much
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higher mortality rate. Slightly lower
counts in fetuses with gestational ages
20 to 23 weeks may be attributed to
poor reporting at the younger gesta-
tional age groups.*® The lower counts
observed for gestational ages more than
36 weeks is probably a function of fewer
eligible cases since 80% of all infants
are born at 37 to 41 weeks (full term).?®
Thus, all gestational age groups exam-
ined shared a substantial risk.

The high geographic (state) varia-
tion we observed can be attributed in part
to small numbers of deaths per state and
unstable rates. Other possible contrib-
uting factors include differences in re-
porting or coding, maternal risk-taking
behavior, geographic and seasonal/
climatic factors, social and cultural is-
sues, and variations in maternal driving
behaviors and seating positions.

In our study, assaults accounted for
a small proportion of cases, in contrast
to recent reports of homicide as a lead-
ing cause of pregnancy-associated ma-
ternal deaths.**3° Several reasons might
explain this difference. First, many stud-
ies of pregnancy-associated mortality
have been derived from highly urban-
ized areas such as New York, Chicago,
Maryland, and the District of Colum-
bia**3*38 where homicide rates are high
relative to motor vehicle deaths. When
pregnancy-associated maternal deaths
have been examined more broadly, the
proportion of deaths due to motor ve-
hicle crashes is about equal.’** Sec-
ond, studies based on medical exam-
iner cases may not fully take into account
that motor vehicle deaths, especially pas-
senger deaths, are less likely to be re-
ferred for autopsy than homicide cases,
creating the opportunity for selection
bias.* Third, “pregnancy-associated”
deaths cover a time period of 1-year post-
partum and there may be different RRs
of homicide and motor vehicle-related
deaths during pregnancy compared with
the postpartum period. Fourth, the low
proportion of assaults may be due in part
to selective reporting and the difficulty
attributing deaths to such events or some
combination thereof. Most firearm-
related cases, for example, contained no
documentation as to intent and thus

©2001 American Medical Association. All rights reserved.
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I
Table 3. Rate Ratio (RR) for Selected Medical Factors, Fetal Deaths Compared With Normal

Live Births*

Frequency (%) Frequency (%) RR of Trauma to

Among Fetal Among Live Births (95%
Selected Medical Factors Trauma Deaths US Live Birthst Confidence Interval)
Fever 5(2.1) 61850 (1.6) 1.3 (0.5-3.1)
Abruptio placenta 48 (20.0) 22062 (0.6) 35.1 (26.4-46.6)
Placenta previa 2(0.8) 12915 (0.3) 2.5(0.6-9.8)
Other excessive bleeding 8 (38.3) 21142 (0.6) 5.8 (2.9-11.7)
Breech/malpresentation 5(2.1) 146431 (3.9) 0.5(0.2-1.9)

*Selected medical factors are shown only for conditions with counts of 5 or more.

tData from Ventura et al.?®

were coded, by ICD rule, as uninten-
tional. Many of the “intent unknown”
firearm-related deaths on death certifi-
cates are actually assaults that are not
well documented. Nevertheless, even if
all firearm-related cases were inten-
tional, unintentional injuries, mostly
motor vehicle-related, would still pre-
dominate. Also, a focus on fetal death
is mainly a focus on maternal morbid-
ity, not mortality, because most moth-
ers survive the trauma that kills the fe-
tus. Events that are highly lethal, such
as firearm assaults, would be more likely
to be found in maternal mortality stud-
ies. When the mother dies before reach-
ing medical care (eg, from a gunshot
wound or severe motor vehicle crash)
fetal deaths are probably documented by
a different group of certifiers (coroners/
medical examiners) than when these
women reach the hospital (clinicians),
or they may not be documented at all.
Through combining knowledge of trau-
matic fetal injury death from mostly non-
fatal maternal injury (fetal death certifi-
cates) with mortality data, a better
picture of fetal traumatic death emerges.

Physicians are probably justified
when they attribute fetal deaths at
greater than 20 weeks’ gestation (when
spontaneous abortions are rare) to se-
rious trauma that occurred shortly be-
fore fetal death, in the presence of re-
lated pathology and in the absence of
unrelated pathology. But in compar-
atively milder trauma (falls) or repeti-
tive trauma (interpersonal violence) or
when pregnancy is complicated by
other factors, determining whether fe-
tal deaths were trauma-related is prob-
lematic suggesting that the study cases

represent only a proportion of trauma-
related fetal deaths. Fetal death may oc-
cur for many reasons, acting indepen-
dently or in synergy with factors such
as medications, use of tobacco, alco-
hol, and other drugs, fetal or maternal
diseases, iatrogenic injury, obstetrical
complications, and others.* Without
specific protocols and large-scale epi-
demiologic studies, relating maternal
trauma to fetal death will continue to
rely on medical judgment.

This study was also susceptible to the
limitations of the state-based fetal death
registration system. While our sample
included 55% of the US population, the
population was a convenience sample.
General concerns that have been raised
regarding the quality of fetal death data
also apply.*** These include variation
by state in the resources and quality of
collection and completeness, defini-
tional issues of fetal vs infant death, fi-
nancial and legal pressures to use or
avoid certain descriptions, and lower
rates of reporting among the youngest
gestational age groups.

To safeguard fetuses, research and
information are needed to better under-
stand how to transport pregnant women
safely, reduce the crash risk of preg-
nant women, and reduce other forms
of maternal trauma. These measures
should consist of (1) incorporating fetal
deaths in crash and injury mortality data
systems so the problem can be more eas-
ily tracked, (2) including several ges-
tational specific models of biofidelic
pregnant dummies in government and
industry crash tests so the biomechan-
ics and vehicle specific risks can be bet-
ter understood, (3) adding pregnancy
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status variables in government- and
industry-sponsored driver behavior sur-
veys so maternal driver behaviors (eg,
frequency, seating positions, changes
during and after pregnancy) can be bet-
ter understood, (4) conducting com-
prehensive crash investigation studies
involving fetal deaths to generate
hypothesis of what hazards are of par-
ticular concern, (5) conducting research
on nonfatal fetal outcomes looking at
short- and long-term impacts of trauma
on multidimensional measures of fetal,
infant, and child well-being, and (6)
conducting prevention research to
develop effective models for decreas-

ing crash and assault risk for pregnant
women.

Author Contributions: Study concept and design:
Weiss, Songer, Fabio.

Acquisition of data: Weiss, Fabio.

Analysis and interpretation of data: Weiss, Songer,
Fabio.

Drafting of the manuscript: Weiss.

Critical revision of the manuscript for important in-
tellectual content: Weiss, Songer, Fabio.

Statistical expertise: Weiss, Fabio.

Obtained funding: Weiss, Fabio.

Study supervision: Weiss, Songer.

Funding/Support: Partial funding was provided by the
National Highway Traffic Safety Administration through
a grant to the University of Pittsburgh Graduate School
of Public Health, Department of Biostatistics.
Previous Presentations: Presented in part at the Ameri-
can Public Health Association Meeting, San Diego,
Calif, November 1998, and the World Injury Preven-
tion Conference, New Delhi, India, March 2000. Pre-

sented in part at a doctoral dissertation by Dr Weiss
at University of Pittsburgh, Pa, December 1999.
Acknowledgment: We thank our colleagues at the
Center for Injury Research and Control for their re-
view and comments on manuscript drafts, Ronald
LaPorte, MS, PhD, who served as dissertation advi-
sor to Dr Weiss, and Jane Cauley, MPH, DrPH, and
Valerie J.M. Watzlaf, PhD, RRA, who served on the
dissertation committee. Anara Guard, MLS, and Rob-
ert Lowe, MPH, MD, contributed valuable reviews of
the manuscript draft. We also thank Ellen Di Carlo,
BA, chief nosologist for the State of Pennsylvania, for
her help in assigning E-codes to the cases. This work
was contingent upon the cooperation of the many
states that helped procure copies of the relevant fetal
death certificates.

Dedication: This article is dedicated to the families who
have suffered through trauma and the immense loss
of their dreams while balanced on the threshold of a
new life. Though this solace cannot replace what they
have lost, the vital public health records left behind
by their tragic experiences bequeath a living legacy
of knowledge and comprehension.

REFERENCES

1. Buchsbaum HJ. How serious is accidental injury dur-
ing pregnancy? Med Times. 1976;104:134-137.

2. Brinton JH. Report of two cases of intrauterine frac-
ture, with remarks on this condition and references
to 51 cases already reported by different writers. Trans
Am Surg Assoc. 1884;2:425-443.

3. Woodhull R. Traumatic rupture of the pregnant
uterus resulting from an automobile accident. Sur-
gery. 1942;12:615-620.

4. Seear T, Woeppel CJ. Traumatic fetal death result-
ing from fractured pelvis. Am J Obstet Gynecol. 1953,;
65:450-451.

5. Elliott M. Vehicular accidents and pregnancy. Aust
N Z J Obstet Gynaecol. 1966;6:279-286.

6. Buchsbaum HJ. Accidental injury complicating preg-
nancy. Am J Obstet Gynecol. 1968;102:752-769.
7. Crosby WM, Costiloe MS. Safety of lap-belt re-
straint for pregnant victims of automobile collisions
[letter]. N Engl J Med. 1971,284:632-635.

8. Rose P, Strohm P, Zuspan F. Fetomaternal hem-
orrhage following trauma. Am J Obstet Gynecol. 1985;
153:844-847.

9. Esposito T, Gens D, Smith L, Scorpio R. Evaluation
of blunt abdominal trauma occurring during preg-
nancy. J Trauma. 1989;29:1628-1632.

10. Rothenberger D, Quattlebaum F, Perry J, Zabel
J, Fischer R. Blunt maternal trauma: a review of 103
cases. J Trauma. 1978;18:173-179.

11. Timberlake G, McSwain N Jr. Trauma in preg-
nancy: a 10 year perspective. Am Surg. 1989;55:151-
153.

12. Pearlman MD, TintinalliJ, Lorenz R. Blunt trauma
during pregnancy. N Engl J Med. 1990;323:1609-
1613.

13. Oni OO, Okpere E, Tabowei O. Severe road traf-
ficinjuries in third trimester of pregnancy. Injury. 1984;
15:376-378.

14. Pepperell R, Rubinstein E, Maclsaac I. Motor-car
accidents during pregnancy. Med J Aust. 1977;1:203-
205.

15. Klinich K, Schneider L, Moore JL, Pearlman M. In-
juries to pregnant occupants in automotive crashes.
Paper presented at: Annual Conference of the Asso-
ciation for the Advancement of Automotive Medi-
cine; October 5-7, 1998; Charlottesville, Va. Ab-
stract 98-SP-P-17.

16. Pearlman MD, Tintinalli J, Lorenz R. A prospec-
tive controlled study of outcome after trauma during
pregnancy. Am J Obstet Gynecol. 1990;162:1502-
1510.

17. Theodorou DA, Velmahos GC, Souter |, et al. Fe-
tal death after trauma in pregnancy. Am Surg. 2000;
66:809-812.

1868 JAMA, October 17, 2001—Vol 286, No. 15 (Reprinted)

18. Agran PF, Dunkle DE, Winn DG, Deryck K. Fetal
death in motor vehicle accidents. Ann Emerg Med.
1987,16:1355-1358.

19. Lane P. Traumatic fetal deaths. J Emerg Med. 1989,
7:433-435.

20. Rasmussen S, Irgens L, Bergsjo P, Dalaker K. Peri-
natal mortality and case fatality after placental abrup-
tion in Norway 1967-1991. Acta Obstet Gynecol
Scand. 1996;75:229-234.

21. Bausch L, Smith C. A focused review of fetal deaths
in Nebraska in 1992. Nebr Med J. 1996;81:120-121.
22. American Academy of Pediatrics and the Ameri-
can College of Obstetricians and Gynecologists. Stan-
dard Terminology for Reporting of Reproductive Health
Statistics in the United States: Guidelines for Perina-
tal Care. Washington, DC: American College of Ob-
stetricians and Gynecologists; 1988:308-324.

23. Herschel M, Hsieh H, Mittendorf R, Khoshnood
B, CovertR, Lee K. Fetal death in a population of black
women. Am J Prev Med. 1995;11:185-189.

24. Kowalski J. State Definitions and Reporting Re-
quirements for Live Births, Fetal Deaths, and In-
duced Terminations of Pregnancy (1997 Revision). Hy-
attsville, Md: National Center for Health Statistics;
1997:3-4.

25. Model State Vital Statistics Act and Regula-
tions. Hyattsville, Md: National Center for Health Sta-
tistics; 1992. DHHS publication PHS 94-1115.

26. Weiss HB. The epidemiology of traumatic injury-
related fetal mortality in Pennsylvania, 1995-1997: the
role of motor vehicle crashes. Accid Anal Prev. 2001;
33:449-454.

27. Gaudino J, Blackmore-Prince C, Yip R, Rochat R.
Quality assessment of fetal death records in Georgia:
amethod forimprovement. Am J Public Health. 1997,
87:1323-1327.

28. Ventura S, Martin J, Curtain S, Mathews T. Re-
port of Final Natality Statistics, 1996. Hyattsville, Md:
National Center for Health Statistics; 1998:32-33.
29. 1995 Perinatal Mortality Data File [on CD-
ROM]. Hyattsville, Md: National Center for Health Sta-
tistics, Centers for Disease Control and Prevention, US
Dept of Health and Human Services; 1998.

30. Rosner B. Fundamentals of Biostatistics. 4th ed.
Belmont, Calif: Duxbury Press; 1994.

31. National Center for Injury Prevention and Con-
trol. Leading causes of death reports, United States
1995-97. Available at: http://webapp.cdc.gov/sasweb/
ncipc/leadcaus.html. Accessibility verified August 31,
2001.

32. Weiss H. Epidemiology of Perinatal Traumatic Fe-
tal Injury Mortality [dissertation]. Pittsburgh, Pa: Uni-
versity of Pittsburgh; 1999:32-33.

33. Greb A, Pauli R, Kirby R. Accuracy of fetal death
reports: comparison with data from an independent
stillbirth assessment program. Am J Public Health.
1987,77:1202-1206.

34. Horon |, Cheng D. Enhanced surveillance for preg-
nancy-associated mortality—Maryland, 1993-1998.
JAMA. 2001;285:1455-1459.

35. Dietz P, Rochat R, Thompson B, Berg C, Griffin
G. Differences in the risk of homicide and other fatal
injuries between postpartum women and other women
of childbearing age: implications for prevention. Am
J Public Health. 1998;88:641-643.

36. Krulewitch C, Pierre-Louis M, De Leon-Gomez R,
Guy R, Green R. Hidden from view: violent deaths
among pregnant women in the District of Columbia,
1988-1996. J Midwifery Womens Health. 2001;46:
4-10.

37. Dannenberg A, Carter D, Lawson H, Ashton D,
Dorfman S, Graham E. Homicide and other injuries as
causes of maternal death in New York City, 1987
through 1991. Am J Obstet Gynecol. 1995;172:1557-
1564.

38. Fildes J, Reed L, Jones N, Martin M, Barrett J.
Trauma: the leading cause of maternal death. J Trauma.
1992;32:643-645.

39. Harper M, Parsons L. Maternal deaths due to ho-
micide and other injuries in North Carolina: 1992-
1994. Obstet Gynecol. 1997;90:920-923.

40. Schiff M, Albers L, McFeeley P. Motor vehicle
crashes and maternal mortality in New Mexico: the
significance of seat belt use. West J Med. 1997;167:
19-22.

41. Kaunitz A, Hughes J, Grimes D, Smith J, Rochat
R, Kafrissen M. Causes of maternal mortality in the
United States. Obstet Gynecol. 1985;65:605-612.
42. Varner MW. Maternal mortality in lowa from 1952
to 1986. Surg Gynecol Obstet. 1989;168:555-562.
43. Hansen G, Chez RA. Maternal deaths in New Jer-
sey: 1988. J Med Soc N J. 1990;87:995-998.

44. Rumbolz W. A report of maternal deaths in Ne-
braska for the years 1987, 1988 and 1989. Nebr Med
J.1991,76:31-34.

45. Jacob S, Bloebaum L, Shah G, Varner MW. Ma-
ternal mortality in Utah. Obstet Gynecol. 1998;91:
187-191.

46. Weiss HB. Cause of traumatic death during preg-
nancy [letter]. JAMA. 2001;285:2854-2855.

47. Kissinger D, Rozycki G, Morris J, et al. Trauma in
pregnancy: predicting pregnancy outcome. Arch Surg.
1991;126:1079-1086.

48. Kirby R. The coding of underlying cause of death
from fetal death certificates: issues and policy consid-
erations. Am J Public Health. 1993;83:1088-1091.

©2001 American Medical Association. All rights reserved.



