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Study objective: To estimate the frequency of pregnancy-
associated injury hospitalization and compare rates between
pregnant women and all women of reproductive age by age,
race, injury mechanism, intent, and other variables.

Methods: Using International Classification of Diseases,
Ninth Revision—Clinical Modification (ICD-9-CM) selection cri-
teria applied to Pennsylvania’s 1995 acute hospital discharge
data, all resident women ages 15 to 44 with coexistent preg-
nancy and injury-related diagnoses were identified for descrip-
tive and comparative rate calculations.

Results: Seven hundred sixty-one (4.6%) of the discharges
to injured women of reproductive age were associated with
pregnancy. The leading injury causes among pregnant women
were transportation-related (234 [33.6%]), falls (192 [26.4%]),
poisonings (116 [16.0%]), and “struck by” (83 [11.4%]). Among
all women 15 to 44 years, poisoning was the leading cause
(32.6%) of injury, followed by transportation-related injuries
(25.7%). The hospitalized injury incidence was 868 per
100,000 person-years for pregnant women versus 641 for all
women ages 15 to 44 (rate ratio 1.35, 95% confidence inter-
val [Cl] 1.25 to 1.45). Pregnant women were younger (median
age 24.9 years versus 30.0 years), their mean length of stay
was shorter (2.5 days versus 3.7 days), the mean injury sever-
ity score was less (3.2 versus 4.8), and the median charge per
stay was lower ($4,164 versus $6,051). Rate ratios (pregnant
versus all women in same age group) were significantly
higher for younger women 15 to 19 years (rate ratio 2.69,
95% Cl 2.49 to 3.14). Rate ratios were significantly higher for
assaults (rate ratio 3.04, 95% Cl 2.45 to 3.78), falls (rate ratio
2.33, 95% Cl 2.01 to 2.70), motor vehicle occupant (rate ratio
2.0, 95% Cl 1.73 to 2.31), and struck by (rate ratio 3.73, 95%
Cl 2.97 to 4.69). Rate ratios were lower for poisonings (rate
ratio 0.71, 95% Cl 0.59 to 0.86) and self-inflicted injuries
(rate ratio 0.62, 95% Cl 0.50 to 0.77).
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Conclusion: Pregnant women were more likely than all
women 15 to 44 years to be hospitalized for injury and more
likely to be hospitalized for assaults, falls, transportation-
related, and less severe injuries, but less likely for poisonings
and self-inflicted injuries. Much of the increased risk appears to
be concentrated in young women. Further work is needed to
establish to what extent the observed increases are the result
of increased injury rates or increased hospitalization rates.

[Weiss HB: Pregnancy-associated injury hospitalizations in
Pennsylvania, 1995. Ann Emerg Med November 1999;34:626-
636.]

INTRODUCTION

Injuries and violence to pregnant women are major pub-
lic health concerns. Not only is the woman involved, but
2 lives, intimately connected, may be adversely affected.
Over the past century, much has been done to diminish
the adverse effects of medical conditions on maternal
morbidity and mortality, and the medical and public
health communities continue to place great emphasis
on lowering maternal morbidity and mortality. But all
too often, the important and proportionately increasing
role of injuries and violence in maternal and fetal well-
being have been excluded by definition.'> When viewed
from an inclusive vantage point—all deaths occurring
during pregnancy—injuries become the leading cause
of maternal death and an important source of maternal
morbidity.*

With the ready availability of state and national mor-
tality data, several maternal mortality studies have shown
injuries as a major and leading cause of maternal mortal-
ity, with homicide and motor vehicle—related deaths
among the chief causes.!*2-*-¢ Yet, the completeness of
mortality data is in question. In New York City, for
example, Dannenberget al! found that only 35% of the
death certificates had noted the pregnancy in a series of
115 maternal injury-related deaths.* Another problem with
mortality datais that they examine only the tip of the iceberg.
Different patterns and different possible interventions
may well emerge from studying morbidity (nonfatal)
patterns related to differences in case-specific mortality
rates.! Finally, the much higher frequency of nonfatal
maternal injuries may be as great as or even a greater source
ofadverse fetal outcomes than fetal loss caused by fatal mater-
nalinjuries.” Therefore, one must look to serious, but not
necessarily fatal maternal events, to better understand
the risks of injuries to pregnant women and the fetus.
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The usefulness of most nonfatal maternal injury stud-
ies hasalso been of concern. Although many hospital-
based case series exist,®1° few population-based studies
ofinjuries amonghospitalized pregnant women have
been conducted. Most case series have followed small
populations, drawn from unique (unrepresentative) clin-
ical populations, lacked comparison groups, or focused
onafew injury causes. The largest and most recent case
series described 476 pregnant women seen at a tertiary
care center and community hospital.!®> Motor
vehicle-related injuries accounted for 55% of the cases
and 22% were associated with falls. Intentional injuries
comprised 22% of all cases. Inarecent review of violence
and pregnancy, among 13 articles covering the period
1965 through 1995, only one covered hospital
inpatients!® (5 hospitals were in this study sample) and
only 2 studies were population-based. The latter 2 were
based on surveys of the general population, but because
of sample size limitations would not be expected to pre-
dict the magnitude of inpatient visits.17-18

Bennet et al® studied all pregnancy-associated hospi-
talizations in the United States using the 1991 and 1992
National Hospital Discharge Survey (NHDS). Injury diag-
noses were detected, but the lack of E-coding (injury
mechanisms) in the NHDS and the relatively small num-
ber of injuries in the overall sample limited its usefulness
forunderstanding the role of injuries. The only other
population-based study of hospitalized maternal injury
was published by Greenblattet al.'® They studied
Maryland hospital discharge data for the 12-year period
1979-1990. Among 80,311 injured women 15 to 44
years, 2,185 (2.7%) were pregnant. They reported that
34% of the injuries involving pregnant women were
motor vehicle-related, 19% were related to falls, 20%
were self-inflicted, and 10% were assault-related. They
reported the rate ratio (comparing pregnant patients with
allwomen 15 to 44 years) for assault-related hospitaliza-
tion was 1.14 (not statistically significant). Although this
latter study brought fresh understandings and creative
methodologic approaches to the area of study, it con-
tained several drawbacks:

* The E-coded data were only about 50% complete
because E-codes had not been mandated in Maryland
over most of the study period.

* The injury and pregnancy selection codes were not as
refined or as expansive as they could have been.

*In 1992, after the Maryland study, accreditation
mandates for emergency department domestic violence
screening and hospital identification of victims of abuse
should have improved the detection of assaults.
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Recognizing many of these issues, the authors recom-
mended theiranalyses of pregnancy-associated injury
hospitalizations be repeated on a “population based hos-
pital discharge dataset that is fully E-coded.” This study,
with some modifications, does that. Our aims were to
refine and quantify estimates for the magnitude of preg-
nancy-associated injury hospitalizations and to describe
differencesin hospitalization rates between pregnant
women and all women of reproductive age by age, race,
injury mechanism, intent, and other variables.

MATERIALS AND METHODS

To extend the population-based approach of Greenblatt
etal,'® we reviewed Pennsylvania’s statewide hospital dis-
charge survey data for 1995, obtained from the
Pennsylvania Health Care Cost Containment Council
through the State Department of Health. Pennsylvania’s
population in 1995 was approximately 12 million per-
sons, 2.65 million of whom were females between the
ages of 15 and 44. The annual hospital discharge database
contained records of about 2 million hospitalizations and
accommodates 9 International Classification of Diseases,
Ninth Revision—Clinical Modification ICD-9-CM) coded
diagnostic fieldsand 1 E-code field. Birth and population
data used inrate calculations were obtained from the
Pennsylvania Department of Health?? and the US Census
Bureau. Because no personal identifiers are in this
database and no linkage or followup was performed,
institutional review board approval was exempted.
Records were selected among resident females
between the ages of 15 and 44 (inclusive) discharged from
anacute care institution listing coexistent pregnancy and
injury-related diagnoses. Pregnancies were identified by
looking at diagnosis fields for ICD-9-CM diagnostic
ranges including 630-669.9 (complications of preg-
nancy and childbirth), and 760-779.9 (certain condi-
tions originating in perinatal period), and “V” codes
(“Supplementary Classification of Factors Influencing
Health Status and Contact with Health Services”) V22
(normal pregnancy), V23 (supervision of high-risk preg-
nancy), V24.0 (postpartum care immediately after deliv-
ery), V27 (outcome of delivery), and V28 (antenatal
screening). Injuries were identified by selecting cases
with either an injury-related E-code (excluding adverse
effects) oran ICD-9-CM diagnosis in the range 800-
999.99 with specific exclusions (because some diagnoses
in thisrange are not injuries or are not usually considered
injuries). For example, excluded were complications of
surgical and medical care (996-999.9 and E870-E879.9),

injuries coded only with E849-E849.9 (place of injury),

adverse effects of therapeutic drugs (E930-E949.9), and
late effects of injury (905-909.9, E929-E929.9). Details

regarding the specific case selection criteria are available
from the author on request.

Injury severity was measured by the Injury Severity
Score (ISS),2! an anatomically based threat-to-life scale
that ranges from 1 (minor) to 75 (unsurvivable). It was
imputed by ICD-MAP (Tri-Analytics Inc, Bel Air, MS).
ICD-MAP isa computerized injury coder that automati-
cally assigns abbreviated injury scale (AIS) codes, Injury
Severity Scores (ISS, mathematically computed from 1 or
more AIS scores), among other variables. ICD-MAP
works by analyzing each record’s (patient’s) diagnosis
codes and performs AIS/ISS conversion for most, but not
all ICD-9-CM codes between 800 and 959.9. Drug and
alcoholinvolvement was determined by searching for
coexisting drug- or alcohol-related ICD-9-CM diagnoses
suchas291,292,303,304-5,571,965,and 967-970
(precise search strategy available on request).

Following the methodology of Greenblattetal,'® inci-
dence rates were calculated per 100,000 person years.
For the pregnant population, denominators were derived
from birth estimates obtained for the study year and
adjusted downward to account for the 9-month period of
gestation (nota full year of pregnancy) and the assump-
tion that the pregnancies would not be known to the
women or detectable in the hospital discharge data dur-
ing the first 2 months of pregnancy. For example, if there
were 100,000 live births over the year in the population
being studied, multiplying 100,000 by 7/12 represents
the actual person-years of exposure (ie, the person-years
among which women could have had their pregnancies
identified).

Comparisons (rate ratios) were constructed between
pregnant injured women and all women 15 to 44 years.
This comparison, rather than a pregnant versus “non-
pregnant” group contrast, was done for several reasons.
After subtracting known pregnant cases, the referent
group still contains some pregnant women in the first 2
months of their pregnancy and other women not detected
by the diagnosis algorithm. Thus, it would be a misnomer
to label ita “nonpregnant” group. Second, the compari-
son group arguably should include in the person-year cal-
culations of the denominator, the 5-month period of
every pregnant year in which pregnant women are not
detectably pregnant. Itis noted that the issue of whether
to compare the pregnancy-related injuries with the entire
group or the entire group minus the person-years of the
pregnancy-related injuries is somewhat academic as the

1,19
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rates for all reproductive age women are similar to “non-
pregnant” women of the same age, because more than
90% of women 15 to 44 years are not pregnant at any
given pointin time.!

Rate ratios were calculated by dividing the group-spe-
cific (ICD group, race, ethnicity, age, mechanism, intent,
and so on) rate for pregnancy-associated injury hospital-
izations by the group-specific injury rate for all women 15
to 44 years old. In accord with the methods of Greenblatt
etal'®and Dannenbergetal,! the consequences of multi-
ple births and spontaneous and induced abortionsin the
person-year calculations were ignored because of their
assumed small effect and the difficulty of obtaining accu-
rate enumerations of these conditions in the study popu-
lation. The pointand 95% confidence interval (CI) esti-
mates of the rate ratio, comparing the pregnant and all
injured women 15 to 44 years old, were computed as per
standard methods detailed by Rosner.??

Three subsets were created and analyzed. First, the issue
ofviolence in pregnancy was of special interest; therefore,
all assault-related injuries were analyzed separately so
that rates of assaults could be computed for age- and race-
specific subgroups. Second, cases with the ICD-9-CM
code of 644 (early or threatened labor) were examined
to begin to look at fetal risks. Third, to adjust for the
increased propensity of pregnant women to be hospital-
ized because they are pregnant and not just because of the
underlying injury, we reanalyzed the main results tables
including only cases with alength of stay of 2 days or
more. Thisled to exclusion 0f 385 (50.6%) of the preg-
nancy-related injuries and 6,369 (38%) of all injuries
from the length of stay of 2 days or more adjusted analyses
(Figure 1).

both an injury and pregnancy-associated diagnosis, 19.6%
(54/276) were assault-related, whereas for white women,
itwas 7.6% (32/419).

The pregnancy-associated injured women were
younger compared with all women 15 to 44 (mean age
24.9 versus 30.0 years), and minorities comprised a
higher proportion of the pregnant group; 39.1% of preg-
nancy-associated discharges were in nonwhite women
versus 20.7% ofall women age 15 to 44 (reflecting in part
the higher birth rate in the nonwhite population). The
median charge per visit was $4,164 for pregnant women
and $6,051 for all women. The average length of stay was
shorter for the pregnancy-associated injured women, 2.5
daysversus 3.7 forall women age 15 to 44. The mean ISS
among the 288 pregnancy-associated injured women
who were assigned ascore was 2.5, whereas the mean 1SS
amongall women 15 to 44 who received a score (8,901)
was 4.8. Drug or alcohol involvement was greater among
allwomen 15 to 44 years than pregnant women (30.2%
versus 12.2%).

The incidence of hospitalized injury per 100,000 per-
son-years was 868 for pregnant women and 641 forall
women ages 15 to 44 (rate ratio 1.35,95% CI1.25to
1.45). Rate ratios (pregnant versus all women ages 15 to
44) were particularly and significantly higher for younger
women ages 15 to 19 (rate ratio 2.69,95% CI12.49 to
3.14) and ages 20 to 24 (rate ratio 2.24,95% CI1 2.06 to
2.56), assaults (rate ratio 3.04,95% CI12.45t0 3.78), falls

Figure 1.
Length of stay groupings for injury-related hospital discharges for
women age 15 to 44 for pregnancy-associated discharges and all
discharges, Pennsylvania, 1995.

RESULTS

There were 16,722 women age 15 to 44 who were hospi-
talized with an injury diagnosis in Pennsylvaniain 1995.
Among these women, the screeningidentified 761 preg-
nancy-associated injury discharges (4.6% of all women
age 15 to 44 hospitalized with an injury diagnosis). The
leading causes of injury among pregnant women were
transportation-related (33.6%; of these, more than 80%
were motor vehicle occupant—related), falls (26.4%), poi-
sonings (16.0%), and struck by or against (11.4%).
Amongall women age 15 to 44, poisoning was the leading
cause (32.6%), followed by transportation-related
injuries (25.7%; of these, 78% were motor vehicle occu-
pant-related), falls (16.5%), and struck by or against
(4.5%). Amongnonwhite women 15 to 44 years old with

NOVEMBER 1999 34:5 ANNALS OF EMERGENCY MEDICINE

60% 1 Group excluded from Table 4
50% 1
| Pregnancy-associated
O All women, 15-44

Percent within group
(%] -+
fam) fan)
ES =X

)
=]
=R

10% A

o ~ e

1Day 2-3Days  4-7 Days 8-14 Days > 2 Weeks
Length of stay group




PREGNANCY-ASSOCIATED INJURY HOSPITALIZATIONS
Weiss

(rateratio 2.33,95% CI12.01t0 2.70), motor vehicle pregnancy-associated hospitalized injury and rates for all
occupant (rateratio 2.0,95% CI1.73t0 2.31) and struck women of reproductive age (15 to 44 years) for these and
by (rateratio 3.73,95% CI12.97 to 4.69). Rate ratios were otherselected characteristics.

significantly lower for poisonings (rate ratio 0.71,95% CI Figure 2 compares the rate of hospitalized injury per
0.59100.86) and self-inflicted injuries (rate ratio 0.62, 100,000 person-years, by 5-year age groups for pregnant
95% C10.5t00.77). Tables 1 through 3 detail the rates of injured women and all injured women age 15 to 44 by

Table 1.
Rates of pregnancy-related hospitalized injury and rates for all women of reproductive age (15 to 44 years) by selected characteristics,
Pennsylvania, 1995.

Pregnant Women All Women

Variable Value No. Rate” No. Rate” Rate Ratio 95% ClI

Age (y) 15-19 170 1,834 2,791 682 2.69 2.49-3.147
20-24 242 1,287 2,342 574 2.24 2.06-2.56"
25-29 158 627 2,486 614 1.02 0.94-1.20
30-34 120 518 2,970 651 0.80 0.74-0.96"
35-39 65 672 3,264 689 0.97 0.90-1.25
40-44 6 378 2,869 630 0.60 0.56-1.34
Total 761 868 16,722 641 1.35 1.25-1.451

Race White 444 605 12,310 530 1.14 1.05-1.26"
Nonwhite 285 1,982 3,214 963 2.06 1.93-2.321

Age/race: White 15-19 77 1,220 2,093 632 1.93 1.78-2.421
20-24 144 964 1,689 508 1.90 1.74-2.251
25-29 102 469 1,781 497 0.95 0.87-1.15
30-34 73 356 2,142 525 0.68 0.62-0.86"
35-39 44 519 2,427 543 0.96 0.88-1.29
40-44 4 * 2,178 517 * *

Age/race: Nonwhite 15-19 83 2,808 451 863 3.26 3.04-4.117
20-24 86 2,224 509 967 2.30 2.16-2.89"
25-29 51 1,465 545 1,006 1.46 1.37-1.941
30-34 43 1,618 622 1,101 1.47 1.38-2.00"
35-39 20 1,663 602 1,033 1.61 1.51-2.51%
40-44 2 * 485 928 * *

Hispanic Yes 35 924 557 818 1.13 1.05-1.59"
No 726 865 16,140 631 1.37 1.27-1.48"

Severity Minor (ISS 1-3) 166 189 3,130 118 1.61 1.37-1.88"
Moderate (ISS 4-7) 91 104 3,964 149 0.70 0.56-0.86"
Serious (ISS 8-15) 29 33 1,419 53 0.62 0.43-0.89"
Severe to critical (ISS 16-75) 2 + 388 15 + +

Length of stay 1d 385 439 6,369 240 1.83 1.65-2.03"
2-3d 248 283 5,616 21 1.34 1.18-1.521
4-7d 93 106 3,075 116 0.92 0.75-1.13
8-14d 25 29 1,078 4 0.70 0.47-1.04
>2 wk 10 " 584 22 0.52 0.28-0.977

Payer source Patient direct bill 19 22 649 24 0.89 0.56-1.40
Medicare 5 * 576 22 * ¥
Medicaid 244 278 4371 165 1.69 1.49-1.921
Blue Cross 87 99 2,841 107 0.93 0.75-1.15
Commercial 282 321 5,983 225 1.43 1.27-1.611
Employer direct bill 4 ! 90 3 ¥ ¥
Other government 3 * 61 2 * *
Unknown/other 17 133 2,151 81 1.65 1.37-1.98"

Data modified from Pennsylvania Health Care Cost Containment Council, 1995.
"Rates are presented per 100,000 person-years.

TStatistically significant, P<.05.

*Rates and ratios not computed for cells with 5 or less observations.
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race. The rate of nonwhite injury-related discharges (both
pregnant and all cases) was generally higher than that of
whites, and the rate of pregnancy-associated injury dis-
charges was much higher among younger nonwhite
women.

Age-group specific rates with associated rate ratios and
95% Cls (pregnant injured women/all injured women)
for assault-related cases are shown in Figure 3. The preg-
nancy-associated rates and rate ratios were all highest in
the youngest age group, declining with age. The overall
rate of pregnancy-associated assaults was 101 per
100,000 person-years, but it was almost 9 times higher
(notshown) in nonwhite women than white women (376

versus 44). The rate ratio, however, was elevated similarly
among both white women (3.11,95% CI 1.85 t0 4.48)
and nonwhite women (2.29,95% CI 1.97 t0 3.03).
Among white women and nonwhite women, about 10%
of all assaults were accompanied by a pregnancy-related
diagnosis. The highest rates were observed in the
youngest age groups. For example, among nonwhite
women 15 to 19 years, the rate of pregnancy-associated
assaults per 100,000 years was 744 and the rate ratio was
5.26 (95% C14.46t0 8.46). Most of the pregnancy-asso-
ciated assaults (70.0%, 62/89) reported the mechanism of
injury as “struck by or against” with a rate ratio of4.57
(95% C13.501t05.97). Pregnancy-associated assaults

Table 2.

Rates of pregnancy-related hospitalized injury and rates for all women of reproductive age (15 to 44 years) by mechanism and intent of

injury, Pennsylvania, 1995.

Pregnant Women All Women
Variable No. Rate” No. Rate” Rate Ratio 95% ClI
Mechanism
MVT occupant 199 227 3,012 113 2.00 1.73-2.311
Fall 192 219 2,493 94 2.33 2.01-2.70"
Poisoning 116 132 4,923 185 071 0.59-0.86"
Struck by, against 83 95 673 25 373 2.97-4.69"
MVT unspecified 23 26 132 5 5.28 3.39-8.22"
Other specified, NEC 18 21 345 13 1.58 0.98-2.54
Unspecified 16 18 527 20 0.92 0.56-1.51
Other specified and classifiable 15 17 496 19 0.92 0.55-1.53
Cut/pierce 13 15 605 23 0.65 0.38-1.13
Bites/stings 8 9 220 8 1.10 0.54-2.23
MVT pedestrian 8 9 245 9 0.99 0.49-2.00
Transport, other 8 9 233 9 1.04 0.51-2.10
Overexertion 7 8 416 16 0.51 0.24-1.08
Firearm 6 7 155 6 117 0.52-2.65
Hot object/substance 3 + 108 4 + +
MVT other 3 * 44 2 * ¥
Other natural/environmental 3 + 65 2 + +
Fire/flame 2 * 104 4 * ¥
Machinery 1 * 36 1 * *
MVT motorcyclist 1 i 102 4 ¥ ¥
Pedal cyclist, other 1 * 67 3 * *
Pedestrian, other 1 * 23 1 ¥ ¥
Drowning/submersion — — 9 <1 — +
MVT pedal cyclist — — 20 1 — ¥
Suffocation — — 30 1 — *
Intent
Unintentional 536 611 9,746 367 1.67 1.53-1.821
Self-inflicted 84 96 4,100 154 0.62 0.50-0.77°
Assault 89 101 886 33 3.04 2.45-378"
Other/unspecified 18 21 351 13 1.55 0.97-2.49

MVT, Motor vehicle traffic; NEC, not else classified or classifiable.

Data modified from Pennsylvania Health Care Cost Containment Council, 1995.
“Rates are presented per 100,000 person-years.

TStatistically significant, P<.05.

*Rates and ratios not computed for cells with 5 or less observations. Cells with no observations indicated by dashes (—).
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were more likely to be nonfatal (rate ratio 3.08,95% CI
2.48103.83) and of short length of stay (rate ratio for 1-
day length of stay 4.95,95% CI 3.69 to 6.64). The payer
source for pregnancy-associated assault discharges was
more likely to be listed as Medicaid (rate ratio 3.51,95%
Cl12.59t04.76).

Another group of particular interest because of its
implication for fetal outcome were those cases with the
ICD-9-CM code of 644, early or threatened labor. There
were 102 such cases identified forarate of 116 per
100,000 person-years. The rate was substantially higher
innonwhite women than white women (313 versus 70)
and was also highestin the younger age groups. Most
cases were coded as unintentional (80%). There were 18
assaults in this group (18%), mostly associated with the
mechanism of “struck by” (13/18). Transportation-
related causes dominated with 39% of the cases related to
motor vehicle occupant injury, motor vehicle traffic
unspecified, and other transport causes. Falls were the
next highest mechanism category with 30%, followed by
“struck by object”at 19%.

There were also 10 discharges containing the specific
ICD-9-CM code of 634, spontaneous abortion/miscar-
riage. One half of these cases (5) were motor vehicle occu-
pants.

Table 4 details the rates of pregnancy-associated hospi-
talized injuries and rates for all women of reproductive
age for selected characteristics among women with a
length of stay greater than or equal to 2 days. With this
selection proportionately eliminating more pregnancy-
associated cases, most rate ratios more than 1 were
reduced. The overall rate ratio decreased to a nonsignifi-
cant 1.08 (95% CI10.98to 1.20). Rate ratios were still sig-
nificantly elevated for subgroups including younger age
groups in both white women and nonwhite women and
for fall, motor vehicle traffic occupant, and struck-by
mechanisms. The rate ratio for assaults decreased to 1.97
(95% CI1.41t02.75) with the rate ratioamong nonwhite
women still significantly elevated at 1.61 (95% CI 1.33 to
2.44), especially among nonwhite women ages 15 to 19
(rateratio 3.64,95% CI12.86t08.22), whereas a similar
(1.72) but not statistically significant rate ratio was
observed among white women (95% C10.88t0 3.15).

DISCUSSION

This study extends the understanding of the risk of
hospital admission for serious injury in pregnant
women. Itis the first to describe the burden of preg-
nancy-associated hospitalized injury in a statewide pop-

Table 3.

Rates of pregnancy-related hospitalized injury and rates for all women of reproductive age (15 to 44 years) by nature of injury derived

from the first listed injury diagnosis, Pennsylvania, 1995.

Pregnant Women All Women
Nature of Injury (/CD-9-CM range) No. Rate” No. Rate” Rate Ratio 95% Cl
Fractures, dislocations, sprains, and strains (800-848) 119 136 5,008 189 0.72 0.60-0.86"
Intracranial injury (850-854) 38 43 1,310 49 0.88 0.64-1.21
Internal injury to chest, abdomen, and pelvis (860-869) 18 21 498 19 1.09 0.68-1.75
Open wound (870-897) 36 41 1,105 42 0.99 0.71-1.37
Injury to blood vessels (900-904) — — 43 2 — +
Late effects (905-909) 7 8 402 15 0.53 0.25-1.11
Superficial, contusion and crushing injury (310-929) il 81 671 25 3.20 2.51-4.09"
Foreign bodies (930-939) 2 * 74 3 * *
Burns (940-949) 7 8 224 8 0.95 0.45-2.01
Injury to nerves and spinal cord (950-957) 3 * 90 3 * *
Traumatic complications (958-959) 130 148 326 12 12.07 9.85-14.80"
Poisonings (960-979) 106 121 4,686 176 0.68 0.56-0.83"
Toxic effects of nonmedicinals (380-989) 6 7 309 12 0.59 0.26-1.32
Other and unspecified effects (990-995) 7 8 77 3 2.75 1.27-5.971
Injuries outside 800995 and invalid 211 241 1,899 71 3.36 2.92-3.88"

Data modified from Pennsylvania Health Care Cost Containment Council, 1995.
"Rates are presented per 100,000 person-years.
TStatistically significant, P<.05.

*Rates and ratios not computed for cells with 5 or less observations. Cells with no observations indicated by dashes (—).
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ulation where the cause of injury coding (E-code) has
been mandated and more than 90% complete for several
years. Itis the first to describe a statistically significant
increase in the rate ratio for pregnancy-associated
assaultsin a population-based manner, even after
adjusting for some degree of predisposition toward
short-term hospitalization of pregnant women given
similar types of injuries compared with their nonpreg-
nant peers. It showed that most of the observed
increases in assaults were focused among the youngest
women, 15 to 24 years old. The study also shows that
transportation-related injuries are the leading cause of
hospitalized maternal injury and suggests they are also
the leading cause of hospitalization for early or threat-
ened labor because of injury.

Although the refined diagnosis code—based pregnancy
screening technique appeared to have led to slightly
improved detection of pregnancy-associated conditions
compared with published methodology, the most impor-
tant gains in sensitivity were probably the results of the
increased number of searchable diagnostic fields (9 com-
pared with 5) and the impact of improvements in overall
E-coding and violence-related E-coding since the
Maryland study was performed.! Until recently, the use of
hospital records and ICD E-codes to identify hospitalized
victims of violence and domestic violence greatly under-
estimated violence events. Intentional injuries were often
classified as unintentional because of alack of documen-
tation of the intent of the injury in the medical record and
biased coding conventions. However, these assumptions

Figure 2.
Rate of hospitalized pregnancy-associated injuries per 100,000
person-years, by age and race, Pennsylvania, 1995.
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may no longer hold because of (1) the imposition in 1992
of national Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) requirements for
emergency department screening of domestic violence,
(2) the 1994 JCAHO requirement to establish criteria to
identify victims of abuse throughout the hospital, and (3)
medical recommendations for abuse screening during
prenatal care released in 1995.22 These changes may
explain, in part, the greater risk of assaults in the preg-
nant-associated population in this study compared with
the earlier Maryland study (97 versus 23/100,000 per-
son-years). The difference may also be attributable in part
to differing sociodemographic characteristics and obser-
vational time periods.

To put the assault-related findings into perspective,
abuse during pregnancy occurs more often than many
regularly screened pregnancy complications.?* But
whether pregnancy itsellis related to an increase in
assaults hasnot previously been established. In a recent
JAMA review, Gazmararian et al>® pointed out the limita-
tions of existing studies in this area. They described the
difficulty of drawing conclusions from previous studies
about violence risk during pregnancy versus other times
inawoman’ life and from studies that have used different
methods and measures of violence and unique popula-
tions. The current study addresses many of those issues
and raises the important concern thatamong younger

Figure 3.
Rate of assault-related hospitalized pregnancy-associated injuries
per 100,000 person-years and rate ratio with 95% confidence
interval (pregnant injured women/all injured women) for ages 15
to 34, Pennsylvania, 1995.
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women, hospitalized assaults may be increased during This study partially controlled for this phenomenon by
the detectable period of pregnancy explored by thisstudy.  eliminating all pregnancy-associated cases with lengths
Several limitations of this study should be noted. First, of stay less than 2 days in a subanalysis. However, this
as pointed out by others, there is good evidence that preg-  type of stratification may not eliminate all concerns over
nant women are more likely than nonpregnant women to thisissue and more refined and stringent types of adjust-
be hospitalized for minor conditions because of appropri- ~ mentshould be considered in future studies of this type.
ately cautious clinical judgment.!?-2® Pregnant women Second, multiple hospitalizations in the same year by
may have higher hospitalization rates for conditions the same pregnant woman may result in some duplicate
where the actual rates of the event are much the same. counts, and individuals with multiple visits may be classi-
Table 4.

Rates of pregnancy-associated hospitalized injury and rates for all women of reproductive age (15 to 44 years) with length of stay 22 days
for selected characteristics, Pennsylvania, 1995.

Pregnant Women All Women
Variable Value No. Rate” No. Rate” Rate Ratio 95% CI
Age (y) 15-19 70 755 1,548 379 2.00 1.80-2.54"
20-24 109 580 1,357 333 1.74 1.56-2.12"
25-29 87 345 1,487 367 0.94 0.85-1.17
30-34 72 3N 1,902 417 0.75 0.68-0.94"
35-39 34 351 2,144 453 0.78 0.71-1.09
40-44 4 * 1,915 420 * *
Total 376 429 10,353 397 1.08 0.98-1.20
Race White 240 327 7,652 330 0.99 0.89-1.13
Nonwhite 118 821 1,976 592 1.39 1.28-1.671
Hispanic Yes 18 475 335 492 0.97 0.88-1.55
No 358 427 10,001 391 1.09 0.99-1.21
Age/race: White 15-19 34 539 1,162 351 1.53 1.38-2.16"
20-24 70 469 1,004 302 1.55 1.39-1.98"
25-29 59 272 1,067 298 0.91 0.81-1.19
30-34 47 229 1,370 336 0.68 0.61-0.91"
35-39 27 319 1,586 355 0.90 0.81-1.31
40-44 3 * 1,463 347 * *
Age/race: Nonwhite 15-19 29 981 229 438 2.24 2.04-3.30*
20-24 35 905 283 537 1.68 1.55-2.39*
25-29 23 661 325 600 1.10 1.02-1.68*
30-34 23 865 396 701 1.23 1.15-1.88*
35-39 7 582 407 699 0.83 0.77-1.76
40-44 1 * 336 643 * *
Leading mechanisms Fall 95 108 1,764 66 1.63 1.33-2.00
MVT occupant 85 97 1,918 72 1.34 1.08-1.671
Poisoning 75 86 2,434 92 0.93 0.74-1.17
Struck by, against 32 36 418 16 2.32 1.62-3.32"
MVT unspecified 1 13 88 3 3.78 2.02-7.08°
Unspecified I 13 335 13 0.99 0.55-1.81
Other specified and classifiable 9 10 352 13 0.77 0.40-1.50
Bites/stings 7 8 165 6 1.28 0.60-2.74
Intent Unintentional 257 293 6,395 241 122 1.07-1.38"
Self-inflicted 53 60 2,162 81 0.74 0.57-0.97*
Assault 37 42 568 21 1.97 1.41-2.75"

MVT, Motor vehicle traffic.

Data modified from Pennsylvania Health Care Cost Containment Council, 1995.
“Rates are presented per 100,000 person-years.

TStatistically significant, P<.05.

*Rates and ratios not computed for cells with 5 or less observations.
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fied in more than one group if the coding or event was not
consistent from one visit to the next. Most hospital dis-
charge systems do not flag multiple visits; they are dis-
charge-based, not person-based. Amongenlisted service-
women, Adams et al?” determined that as many as one
third of the women with an antenatal hospitalization were
hospitalized more than once, but without linked records
we were unable to account for multiple hospitalizations
in our study. However, unlike the study by Adams et al,
the population here is selected from the general popula-
tion and would need multiple admissions with both a
pregnancy and an injury code, rendering multiple admis-
sions in our study population less likely.

Third, the assumption that population rates computed
forall reproductive age women (used in the rate ratio cal-
culations) are similar to nonpregnant women of the same
age, slightly lowers the power to show differences in risk
between the pregnant and nonpregnant groups and has a
small potential for introducing bias by age, race, and other
factorsassociated with the probability of being pregnant.

Fourth, hospital discharge data are affected by the qual-
ity and consistency of codingamong the hospitals con-
tributing to the system.?%->! For intentional injuries, the
precise methods for screening and documentation are not
always specified and may vary from place to place.
Perfectly accurate coding systems do not exist. Aslong as
these vagaries are consistently applied within and among
hospitals, consistent results may be obtained. Thus, the
results seeking to contrast pregnant women may be valid
from a comparative standpoint, but less so from a vantage
seeking complete enumeration. Rare miscoding does
occur, butitis difficult to conjecture how systematic inclu-
sions of pregnancy-associated codes among nonpregnant
women, the type of error that could most affect the results,
would occur. However, it is acknowledged that interhos-
pital coding differences combined with variation in hospi-
tal-specific incidence rates could lead to confounding and
clusteringeffects.

Finally, women in early pregnancy are not likely, or at
best, much less likely than women in later pregnancy, to
have the pregnancy identified and coded during a hospital
stay. These cases will be misclassified into the nonpreg-
nant group. Therefore, an ICD (diagnosis)-based preg-
nancy definition, such as that used in the current study is
biased toward detection of later-gestation pregnancies and
doesnotadequately address risks in early pregnancy.
Future studies in this area would greatly benefit from rou-
tine pregnancy screening among young female inpatients
and documentation of the results in the summary dis-
charge record and data systems.

NOVEMBER 1999 34:5 ANNALS OF EMERGENCY MEDICINE

For workersin health and human services and the jus-
tice system, this work is potentially very useful. It serves to
make the public and professionals more aware of the vari-
ety and changes in injury risks to pregnant women, both
intentional and unintentional. Applying these methods
consistently on a national or state-by-state basis may be a
useful tool for setting national and statewide Healthy
People objectives. A larger sample will allow for confirma-
tion of the findings and finer statistically significant disag-
gregation of different factors of interest and offers the ability
to better stratify by injury severity measures while main-
taining adequate sample sizes. Ultimately, these findings
should be applied to better prioritize and target a diversity
of effective injury prevention efforts aimed toward young
women for the benefit of the mother and the fetus.

I'thank Drs Andrew Dannenberg, Jeffrey Coben, and Sam Forjuoh for their thoughtful
review and encouragement. The methodology in this study builds directly on that pio-
neered by Drs Greenblatt, Dannenberg, and Johnson.
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