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Motor vehicle crashes (MVCs) are a leading cause of death in pregnant women. Even after minor trauma, there is risk of fetal com-
plications. The purpose of this study was to compare injuries and outcomes in pregnant with matched nonpregnant women after

Retrospective study at a Level I trauma center included pregnant MVC patients, admitted 2009 to 2019. Pregnant patients were
matched for age, seatbelt use, and airbag deployment with nonpregnant women (1:3). Gestation-related complications included

During the study period, there were 6,930 MVC female admissions. One hundred forty-five (2%) were pregnant, matched with 387
nonpregnant. The seat belt use (71% in nonpregnant vs. 73% in pregnant, p = 0.495) and airbag deployment (10% vs. 6%,
p=0.098) were similar in both groups. Nonpregnant women had higher Injury Severity Score (4 vs. 1, p <0.0001) and abdominal
Abbreviated Injury Scale (2 vs. 1, p <0.001), but a smaller proportion sustained abdominal injury (18% vs. 53%, p < 0.0001).
Mortality (1% vs. 0.7%, p = 0.722), need for emergency operation (6% vs. 3%, p = 0.295) or angiointervention (0.3% vs. 0%,
p = 0.540), ventilator days (3 vs. 8, p = 0.907), and intensive care unit (4 vs. 4, p = 0.502) and hospital length of stay (2 vs. 2,
p = 0.122) were all similar. Overall, 13 (11.1%) patients developed gestation-related complications, most commonly uterine con-

Most pregnant patients hospitalized for MVC suffered minor injuries. Pregnant women had lower Injury Severity Score and ab-
dominal Abbreviated Injury Scale than matched nonpregnant women. However, there was still a considerable incidence of
gestation-related complications. It is imperative that pregnant patients be closely monitored even after minor trauma. (J Trauma

BACKGROUND:
MVC and evaluate the incidence and type of pregnancy-related complications.
METHODS:
uterine contractions, vaginal bleeding, emergency delivery, and fetal loss.
RESULTS:
tractions (6.3%), need for emergency delivery (3.5%), and vaginal bleeding (1.4%).
CONCLUSION:
Acute Care Surg. 2021;90: 861-865. Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Prognostic and epidemiological, level III
KEY WORDS: Pregnancy; trauma; motor vehicle crashes.

otor vehicle crashes (MVC) remain the leading cause of

trauma death in the United States.' Trauma complicates
approximately 10% of all pregnancies and is the leading cause
of both maternal and fetal mortality.>* Additionally, MVC is
a risk factor for pregnancy-related complications, such as
preterm labor, placental abruption, and uterine rupture.’ The
management of a pregnant woman who has sustained trauma
is challenging, because pregnancy has significant physiologic
demands that may confuse and complicate the evaluation, resus-
citation, and definitive management of trauma patients.

Although pregnancy has not been determined to be an in-
dependent predictor of the need for trauma team activation
(TTA),® pregnant trauma patients warrant specialized attention
because of the complex physiology and risk of fetal loss. There
are limited data available on maternal and fetal outcomes after
MVC. The purpose of this study was to compare the injury pat-
terns, injury severity, and outcomes of pregnant women with
nonpregnant women and identify the incidence and types of
pregnancy-related complications.

PATIENTS AND METHODS

A single-center retrospective observational study was per-
formed using Level I trauma center registry and chart reviews.
All pregnant trauma patients with age at least 18 years and a
matched group of nonpregnant female patients, whose age was
between 15 and 45 years, from January 2009 to September
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2019, were included. Patients were excluded if they had any of
the following: death in the emergency department (ED) or ar-
rival without signs of life; transferred from another hospital. In-
stitutional review board approval was sought from the University
of Southern California, and the exemption was granted.

Variables examined included patient demographics (age),
injury data (year of injury, the documentation of seat belt usage,
airbag deployment, Abbreviated Injury Scale [AIS] by body re-
gion, and Injury Severity Score [ISS]), clinical data (vital signs
and Glasgow Coma Scale score field, and ED), gravida data
(Gravida/para/abortus [GPA], gestational age, and fetal heart
rate at ED), pregnancy complications (uterine contractions, vag-
inal bleeding, premature rupture of membranes, amniotic fluid
embolization, in-hospital delivery, which included both vaginal
delivery and cesarean section), and outcomes (need for
emergency operation or interventional radiology, mortality,
complications, hospital length of stay [LOS], and intensive
care unit [ICU] LOS). Associated with abdominal AIS was
defined as a patient that sustained abdominal injury with ab-
dominal AIS at least 1.

The uterine contraction is defined by the visualization of
any contraction in the 10-minute window by the use of external
tocometer. Patients with gestational age (GA) younger than
37 weeks, who had persistent contraction with at least six times
in an hour, were determined as premature contraction. Fetal
heart rate was measured by hand-held Doppler ultrasound probe
or the external transducer, which is placed on the maternal abdo-
men and held in place by an elastic belt. The termination of preg-
nancy is the ending of pregnancy by either vaginal delivery or
caesarean section.

Univariate analysis compared patient characteristics, in-
jury data, and outcomes between study groups. Continuous var-
iables presented as median (interquartile range) and compared
using Student’s ¢ test. Categorical variables presented as number
(percentages) and compared using the x? test. Propensity score
matching analysis was used to compare pregnant and nonpreg-
nant patients. Patients were matched on age, seat belt usage,
and air bag deployment with 3:1 nearest-neighbor propensity
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TABLE 1. Baseline Characteristics
Patients (N = 6,930)

Pregnancy = Nonpregnancy
(n=145) (n = 6,785) )4

Age (median, IQR), y 25 (22-30) 28 (23-36)  <0.001
Protective device

Deployed airbag 15 (10%) 461 (7%) 0.089

Seat belt 107 (74%) 1,691 (25%) <0.001
Associated injuries, median (IQR)

Head AIS score 2 (1-3) 2 (1-3) 0.956

Face AIS score 1(1-2) 1(1-2) 0.393

Chest AIS score 2 (1-3) 3(2-3) 0.182

Abdomen AIS score 1(1-1) 2(1-3) <0.001

Extremities AIS score 2 (1-3) 2(2-2) 0.644

External AIS score — 1(1-1) 0.294
ISS 1 (1-2) 4(1-9) <0.001
TTA 95 (66%) 3,377 (50%) 0.005
Field vital signs

HR > 120 bpm 4 (3%) 555 (10%) 0.009

SBP <90 mm Hg 4 (3%) 201 (4%) 0.698
Ed vital signs

HR > 120 bpm 5 (4%) 672 (10%) 0.009

SBP <90 mm Hg 2 (1%) 144 (2%) 0.521

GCS<9 2 (1%) 223 (3%) 0.192

Continuous variables presented as median (IQR). Categorical variables presented as n (%).
SBP, systolic blood pressure; GCS, Glasgow Coma Scale.

score matching without replacement. The matching tolerance
was 0.1. Data were collected and analyzed using IBM SPSS Sta-
tistics 23 (IBM Corporation, Armonk, NY).

RESULTS

Patients Demographics and Injury Data

Over the study period, 6,930 female patients who
sustained MVC were identified. Of these, 145 (2%) were preg-
nant. The baseline patient characteristics are displayed in Table 1.
The pregnancy group was slightly younger than the nonpregnancy
group, and this difference was statistically significant (25
[22-30] vs. 28 [23-36], p < 0.001). Pregnant patients had a
significantly higher rate of seat belt usage (74% vs. 25%,
p <0.001). More patients in the pregnancy group satisfied the
standard TTA criteria (66% vs. 50%, p = 0.005), despite signif-
icantly lower abdominal AIS score and ISS in the pregnancy
group (1 [1-1] vs. 2 [1-3], p < 0.001 and 1 [1-2] vs. 4 [1-9],
p < 0.001, respectively).

After propensity score matching with age, seat belt usage,
and deployed airbag, there were 145 patients in the pregnancy
group and 387 patients in the nonpregnancy group (Table 2).
Pregnant patients were less likely to present with tachycardia
(heart rate [HR] > 120/min) than nonpregnant patients in the
field and in the ED (3% vs. 10%, p = 0.020 and 4% vs. 9%,
p = 0.034, respectively). There was no difference in the inci-
dence of hypotension between the two groups.

Pregnant patients had a significantly higher incidence of
associated abdominal injuries (53% vs. 18%, p < 0.001).

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

However, in terms of severity, the median abdominal AIS in
the pregnancy group was significantly lower (1 [1-1] vs. 2
[1-3], p < 0.001). Nonpregnant patients had a significantly
higher ISS (4 [1-9] vs. 1 [1-2], p < 0.001).

Pregnancy Characteristics and Obstetric
Outcomes

Of 145 pregnant patients, the median GA was 24 weeks.
In 70 (48%) patients the fetus was viable (>23 weeks) (Table 3).
The median fetal heart rate at presentation was 144 bpm
(135-150 bpm). No fetal distress (fetal heart rate, <90) was pres-
ent. During the in-hospital admission, 13 (11%) patients devel-
oped gestational complications, the most common of which
were uterine contractions (6%), termination of pregnancy (4%),
and vaginal bleeding (1%). All patients with vaginal bleeding pre-
sented without abdominal pain, and none underwent urgent deliv-
ery during hospitalization. There was no incidence of premature
rupture of membranes or placental abruption.

The characteristics and outcomes of patients who needed
in-hospital delivery are demonstrated in Table 4. The majority
of patients were in the third trimester (80%), and they frequently
presented with nonrecurring decreased fetal heart rate and pre-
mature contractions. Interestingly, 60% of these patients had
only minor injury with ISS less than 8. A cesarean section was
performed in 4 (80%) patients and vaginal delivery in 1
(20%). The range of time from ED to delivery was between
2 hours and 2 days. One patient presented with cardiac arrest

TABLE 2. Baseline Characteristics After Matching With Age, Seat
Belt, and Deployed Airbag

Patients (N = 532)

Pregnancy Nonpregnancy

(n=145) (n=387) P

Age (median, IQR), y 25(22-30) 26(22-30)  0.298
Protective device

Deployed airbag 24 (6%) 15 (10%) 0.098

Seat belt 107 (74%) 276 (711%) 0.495
Associated injuries (median, IQR)

Head AIS score 2(1-3) 2 (1-2) 0451

Face AIS score 1(1-2) 2 (1-2) 0.210

Chest AIS score 2 (1-3) 3(2-3) 0.453

Abdomen AIS score 1(1-1) 2 (1-3) <0.001

Extremities AIS score 2 (1-3) 2(2-2) 0.837

External AIS score — 1(1-1) 0.185
Associated with abdominal AIS score 21 77 (53%) 70 (18%) <0.001
1SS 1(1-2) 4 (1-9) <0.001
ISS>15 7 (5%) 34 (9%) 0.126
TTA 95 (66%) 227 (59%) 0.315
Field vital signs

HR > 120 bpm 4 (3%) 32 (10%) 0.020

SBP <90 mm Hg 4 (3%) 16 (5%) 0.401
Ed vital signs

HR > 120 bpm 5 (4%) 34 (9%) 0.034

SBP < 90 mm Hg 2 (1%) 5 (1%) 0.960

GCS <9 2 (1%) 5 (1%) 0.952

Continuous variables presented as median (IQR). Categorical variables presented as n (%).
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TABLE 3. Pregnancy Characteristics and Obstetric Outcomes

TABLE 5. Outcomes

Pregnancy (n = 145)

GPA
Gravidity 2(2-3)
Parity 1(0-2)
Abortus 0(0-1)
GA (weeks) 24 (14-32)
ED fetal heart rate (bpm) 144 (135-150)
Uterine contraction 9 (6%)
vaginal bleeding 2 (1%)
In admission vaginal delivery 1 (1%)
Cesarean section 4 (3%)

Patients (N = 532)

Pregnancy (n = 145) Nonpregnancy (n=387) p

Mortality 1 (0.7%) 4 (1%) 0.722
Need for emergency or 5 (3%) 22 (6%) 0.295
Need for emergency ir 0 (0%) 1(0.3%) 0.540
Hospital LOS, d 2(1-3) 2(1-4) 0.122
ICU LOS, d 4(3-11) 4 (2-6) 0.502
Ventilator days 8 (2-20) 3 (1-10) 0.907

Continuous variables presented as median (interquartile range). Categorical variables
presented as n (%).
OR, operating room; IR, intervention radiology.

Continuous variables presented as median (interquartile range). Categorical variables
presented as n (%).

and underwent emergency room resuscitative thoracotomy and
cesarean section, with no maternal or fetal survival. Of the deliv-
ery cases, 40% of newborns had low appearance, pulse, grimace,
activity, and respiration (APGAR) score requiring admission to
the neonatal intensive care unit.

Clinical Outcomes After Propensity Matching

Overall mortality after sustaining MVC was 1% (n = 5)
(Table 5). There was no significant difference in mortality
among pregnant and nonpregnant patients (0.7% vs. 1%,
p=0.722). The cause of death in the pregnant patient was severe
head injury. Additionally, the need for emergency operation or
angiointervention was not significantly different between
groups (3% vs. 6%, p =0.295 and 0% vs. 0.3%, p = 0.540, re-
spectively). There was no significant difference in hospital
LOS, ICU LOS, or ventilator days.

DISCUSSION

The pregnant trauma patient poses major diagnostic and
therapeutic challenges, because of altered anatomy and physiology,
as well as the risk of fetal complications. During early pregnancy,
the uterus is well protected within the pelvic ring. However, in ad-
vanced pregnancy, the enlarged uterus is not well protected, and

becomes vulnerable to external blunt trauma, resulting in a risk of
pregnancy-related complications. This study showed significant
gestational complications, after even minor injuries.

Almost all pregnancy-related complications occurred in
the third trimester. This is consistent with previous literature
which suggested that obstetrical complications depend on the
GA.” One possible explanation for this higher incidence of com-
plications in the last trimester may be related to improper seat
belt usage. Although the reported prevalence estimates of seat
belt use across several studies indicate that most women wear
seat belts during pregnancy, not all of these women do it
properly.® 1% This improper seat belt placement often happens
in the last trimester with the protrusion of the uterus."’

Another important anatomical change occurring in ad-
vanced pregnancy is the displacement of the abdominal viscera
cephalad and laterally, resulting in different injury patterns. This
study showed that although there was no significant difference
in the head, face, chest, and extremity AIS between the two
study groups, the abdominal AIS was significantly lower in
the pregnancy group (p < 0.001).

The most common indications for urgent delivery were
nonrecurring increased fetal heart rate and uterine contractions.
This finding supports the recommendation for cardiotocographic
monitoring of all pregnant women of at least 20-week gestation
post trauma.'>!3

TABLE 4. All Pregnancy With in-Hospital Delivery

Abdominal Route of Indication Time From  Child Status, Patient Status,
GPA, GA AIS ISS  Presentation at ED Delivery for Delivery ED to Delivery APGAR Discharge Day
1 —, 24 wk — 34 Cardiac arrest Cesarian Cardiac arrest 10 min Death Death
section
2 GIPOAO, 33 + 2 5 Uterine contraction, Cesarian  Nonrecurring FHR and 25h Viable, 1, 5,7  Discharged home day 4
4 wk FHR 120/min section premature contraction Admit NICU
3 G4P2A1,35+ — 1 Uterine contraction Cesarian Premature contraction 2d Viable, 8,8 Discharged home day 3
6wk section Admit ward
4 G4P2A1,32+5 2 17 No uterine contraction or Cesarian  Nonrecurring FHR 8h Viable, 1, 7 Pelvic packing according
wk bleeding, FHR 165/min  section and fetal distress Admit NICU  to pelvic fracture,
Transfer day 17
5 GIPOAO, 37 + — 1 Uterine contraction, Vaginal Preterm labor 1d5h Viable, 9.9 Discharged home day 4
6 wk FHR 150/min delivery Admit ward

Continuous variables presented as median (interquartile range). Categorical variables presented as n (%) ED.
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In advanced pregnancy, there are some significant cardio-
vascular physiological changes that should be considered in the
initial evaluation and resuscitation of trauma patients. During the
second trimester, the blood pressure drops slightly and the heart
rate typically increases. There is also an increase in blood vol-
ume with relative anemia. Blood loss up to 1500 mL is often tol-
erated well before maternal hypotension occurs, because of
autotransfusion from the placenta to the mother during maternal
blood loss.'* However, despite maternal hemodynamic stability,
the fetus may still develop hypoxia.

Unexpectedly, in our study, pregnant patients were signif-
icantly less likely to present with tachycardia (HR > 120) than
matched nonpregnant patients. This was observed in early and
advanced pregnancy. It is possible that this was due to the in-
creased blood volume in pregnancy and autotransfusion from
the placenta, which may have compensated without tachycardia.
The absence of tachycardia may result in undertriage on the ba-
sis of standard TTA criteria. These results confirm the finding of
prior studies demonstrating that normal admission vital signs in
pregnancy does not reliably correlate with outcomes.'!'3

In this study, the majority of pregnant patients sustained
minor trauma with low ISS. Consistent with prior studies, pa-
tients with relatively minor injuries can still experience gesta-
tional complications.'®'” Therefore, ISS is not necessarily a
good predictor of perinatal complications.

The lower injury burden in pregnant patients in our study
might have been partially attributable to the higher incidence of
seat belt usage in this population (74% vs. 25%, p < 0.0001).
Unbelted pregnant patients are known to experience signifi-
cantly increased fetal complications and death.® However, when
comparing groups of patients with similar usage of protective
devices in our study, pregnant patients still demonstrated a lower
ISS. The major difference in injury pattern between pregnant
and nonpregnant patients was frequency and severity of abdominal
injury. Although associated abdominal injury was more common
in pregnant patients, the abdominal ISS was lower. A possible ex-
planation of this may be a potential protective effect of the enlarged
uterus, which sits in front of other intra-abdominal organs. Alterna-
tively, the inclination toward fetal safety might have lead pregnant
patients to instinctually protect their abdomen during trauma.

The strength of this study is a large sample size of preg-
nancy in trauma, which specified only the mechanism of MVCs.
Furthermore, by cohort matching for the protective device usage
with nonpregnant patients, the homogeneity of the study popula-
tion was enhanced.

We acknowledge several limitations to our study, accord-
ing to its single-center and retrospective nature. Without the clar-
ification of proper usage of seat belts, we cannot know if this
was a contributing factor. Lack of long-term outcomes of the fetus
or late complications after discharge could lead to an underestima-
tion of the number of patients with complications. Additionally,
the mortality was too low to identify the effect of pregnancy in
mortality with adjustment of all confounding factors in the mul-
tivariate analysis. These limitations could be addressed with a
future large, prospective multi-center study.

In summary, MVCs lead to considerable obstetric compli-
cations in pregnancy, regardless of the severity of injury. Initial

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

presentation with normal vital signs does not determine the fetal
outcomes. Closed cardiotocographic monitoring and hospital
admission for monitoring may therefore be beneficial.
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