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Abstract
Purpose  Following motor vehicle collisions (MVCs), patients often undergo extensive computed tomography (CT) imaging. 
However, pregnant trauma patients (PTPs) represent a unique population where the risk of fetal radiation may supersede the 
benefits of liberal CT imaging. This study sought to evaluate imaging practices for PTPs, hypothesizing variability in CT 
imaging among trauma centers. If demonstrated, this might suggest the need to develop specific guidelines to standardize 
practice.
Methods  A multicenter retrospective study (2016–2021) was performed at 12 Level-I/II trauma centers. Adult (≥18 years 
old) PTPs involved in MVCs were included, with no patients excluded. The primary outcome was the frequency of CT. 
Chi-square tests were used to compare categorical variables, and ANOVA was used to compare the means of normally 
distributed continuous variables.
Results  A total of 729 PTPs sustained MVCs (73% at high speed of ≥ 25 miles per hour). Most patients were mildly injured 
but a small variation of injury severity score (range 1.1–4.6, p < 0.001) among centers was observed. There was a variation 
of imaging rates for CT head (range 11.8–62.5%, p < 0.001), cervical spine (11.8–75%, p < 0.001), chest (4.4–50.2%, p < 
0.001), and abdomen/pelvis (0–57.3%, p < 0.001). In high-speed MVCs, there was variation for CT head (12.5–64.3%, p < 
0.001), cervical spine (16.7–75%, p < 0.001), chest (5.9–83.3%, p < 0.001), and abdomen/pelvis (0–60%, p < 0.001). There 
was no difference in mortality (0–2.9%, p =0.19).
Conclusion  Significant variability of CT imaging in PTPs after MVCs was demonstrated across 12 trauma centers, support-
ing the need for standardization of CT imaging for PTPs to reduce unnecessary radiation exposure while ensuring optimal 
injury identification is achieved.

Keywords  Pregnant trauma · Pregnancy · Imaging · Computed tomography · Fetus radiation

Introduction

Trauma affects an estimated 8% of all pregnant patients and 
is the leading cause of nonobstetric maternal death. Motor 
vehicle collisions (MVCs) account for half of all injuries in 
pregnant trauma patients [1, 2]. In the general adult, non-
pregnant population, MVCs are considered significant mech-
anisms of injury, and liberal computed tomography (CT) 
imaging is often recommended [2–5] to expeditiously iden-
tify and properly treat injuries. This is especially important 

with high-speed MVCs (≥25 miles per hour), which carry 
substantial risk for immediate life-threatening injuries [1, 
2, 4–15].

Adult non-pregnant trauma patients commonly undergo 
CT imaging of the head, cervical spine, chest, and abdomen/
pelvis [1, 2, 4, 5, 7, 8, 12]. In pregnant patients, this carries 
a risk to the developing fetus. According to the American 
College of Obstetrics and Gynecology (ACOG), a fetus can 
receive up to 50 mGy [16] of radiation safely, which would 
allow for CT imaging of the head, cervical spine, chest, and 
abdomen/pelvis. Historically, the principle of “benefits to 
the mother outweighs small risks to the fetus” has guided 
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trauma providers [1, 2, 4, 5, 12, 17, 18] and is professed 
in the Advanced Trauma Life Support (ATLS) textbook. 
Therefore, ATLS recommends that the principles of trauma 
assessment remain the same for the gravid and non-gravid 
trauma patient [3]. Despite this, some trauma centers have 
created their own guidelines for the imaging evaluation 
of pregnant trauma patients (PTPs). However, a report by 
Shakerian et al. shows compliance to a center’s own imag-
ing guidelines for PTPs can be quite low (only 18% in their 
single-center report) [19]. In addition, there are no national 
consensus guidelines defining when to perform CT imag-
ing of PTPs outside of ATLS which professes that PTPs 
should be treated the same as the non-gravid patient. This 
suggests PTP imaging is not occurring in a standardized 
manner across all centers [19], and given there is no data 
available directly comparing trauma centers, this multicenter 
study aimed to evaluate CT imaging of PTPs involved in 
MVCs, hypothesizing significant variability in CT imaging 
practices among trauma centers. If found, this might indicate 
the need to better adhere to existing guidelines or develop 
PTP-specific guidelines to better standardize care and foster 
best practices.

Methods

This study was approved by the institutional review board of 
all participating centers, and the requirement for informed 
consent was waived. A multicenter retrospective study of 
adult PTPs sustaining a MVC from 2016 to 2021 at 12 
American College of Surgeons-verified Level-I or Level-II 
trauma centers was performed.

All PTPs 18 years of age or older and evaluated by the 
trauma team following MVCs were included. No patients 
were excluded. The primary outcome was CT imaging of 
the head, cervical spine, chest, and abdomen/pelvis. Second-
ary outcomes included mortality during index hospitaliza-
tion, hospital length of stay (LOS), intensive care unit (ICU) 
LOS, fetal delivery during hospital stay, and in-hospital 
operations, which included tracheostomy, laparotomy, cra-
niotomy/craniectomy, vascular/endovascular surgery, angi-
oembolization, resuscitative hysterotomy, and perimortem 
cesarean section.

Demographic information including age and gestational 
age of the fetus (weeks), as well as Glasgow Coma Scale 
(GCS) score, injury severity score (ISS), and abbreviated 
injury scale (AIS) for the head, face, neck, thorax, abdo-
men, spine, upper/lower extremity, and external regions, was 
collected.

All categorical variables were coded as yes or no. The 
data was collected through a centralized REDCap data col-
lection tool [20, 21]. The STROBE guideline was used to 

ensure proper reporting of methods, results, and discussion 
(SDC 1).

Data analysis

Summary statistics were used to compare demographics, 
clinical characteristics, and patient outcomes among trauma 
centers for PTPs involved in MVCs and separately among 
a subset of MVCs that were reported at high speed (defined 
as ≥25 miles per hour). Notably, two trauma centers did 
not collect information regarding the reported speed of the 
MVC, so they were excluded from this subset analysis of 
high-speed MVCs. Means and standard deviations, medians 
and interquartile ranges, and frequencies and percentages 
were calculated as appropriate for normally distributed con-
tinuous, non-normal continuous, and categorical variables, 
respectively. The chi-square test was used to compare the 
distribution of categorical variables across centers. ANOVA 
was used to compare the means of normally distributed con-
tinuous variables across centers, and the Kruskal-Wallis test 
was performed to test whether the non-normal continuous 
variables at each center originated from the same distribu-
tion. p-values of less than 0.05 were considered statistically 
significant. All analyses were performed by a statistician 
using Stata software (StataCorp. 2021. Stata Statistical Soft-
ware: Release 17. College Station, Texas—StataCorp LLC).

Results

Demographics and injury profile for all PTPs 
involved in MVCs

A total of 727 PTPs were involved in MVCs, evaluated by 
trauma teams at ten Level-I trauma centers and two Level-
II trauma centers. When comparing centers, PTPs were of 
a similar age and had a similar gestational age. However, 
there was a statistically significant difference in median ISS 
among centers, although the overall population was rela-
tively mildly injured (range 1.1–4.6, p < 0.001). Also, the 
median AIS scores varied across centers for the face (p < 
0.001), spine (p = 0.002), and external/other (p < 0.001) 
regions (Table 1).

Imaging and outcomes for all PTPs involved in MVCs

There were significant variations in patients undergoing 
a CT head (11.8–62.5%, p < 0.001), CT cervical spine 
(11.8–75%, p < 0.001), CT chest (4.48–50.25%, p < 0.001), 
and CT abdomen/pelvis (11.8–62.5%, p < 0.001) among 
trauma centers. Similarly, there was variation in the use of 
magnetic resonance imaging (MRI) (0.0–17.6%, p = 0.002) 
(Table 2).
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There was no difference in overall hospital procedures 
(0–11.9%, p = 0.05) but there was variation in the rate of 
cesarean hysterectomy (0.0–75.0%, p = 0.01). Only three 
cesarean hysterectomies were performed in total, all of which 
occurred at one site. There was also a similar rate of fetal deliv-
ery among centers. ICU LOS was similar among centers but 
there was variability in overall LOS (1.1–4.6 days, p < 0.001) 
and ventilator days (0.0–0.3 days, p = 0.01), although ventila-
tor days were rare. Finally, there was no difference in mortality 
(0.0–2.9%, 0.19) when comparing trauma centers (Table 3).

Demographics and injury profile for PTPs involved 
in high‑speed MVCs

Of the 729 PTPs, 480 (65.8%) were involved in high-speed 
MVCs. In this cohort, there were no differences in age or 
gestational age among centers. The median ISS varied 
among centers, although this high-speed MVC population 
was relatively mildly injured (range 1.0–4.7, p < 0.001). The 
median AIS scores were similar among centers, except for 
the face and external regions (Table 4).

Imaging and outcomes for PTPs involved 
in high‑speed MVCs

There was significant variability in the use of a CT head 
(12.5–64.3%, p<0.001), cervical spine (16.7–75%, 
p<0.01), chest (7.0–83.3%, p<0.001), and abdomen/pel-
vis (0.0–60.0%, p<0.001) when comparing trauma centers. 
There was also variability in the use of MRI (0.0–17.9%, 
p=0.02) (Table 5). Trauma centers C, G, H, I, and K (all 
Level-I trauma centers) had the highest rates of abdomen/
pelvis CT imaging—the scans with the highest radiation 
dose to the fetus.

A similar rate of overall in-hospital procedures was 
observed, although there was variability in cesarean hys-
terectomies performed (0.0–75.0%, p=0.01). In fact, all the 
previously mentioned cesarean hysterectomies were per-
formed in this high-speed MVC cohort. Similarly, to the 
overall MVC population, there were no differences in the 
rate of fetal delivery (0.0–14.3%, p=0.95) and ICU LOS 
among centers. However, there was variation in overall 
LOS (1.1–5.7 days, p<0.001) and ventilator days (0.0–0.5 
days, p=0.03), as was seen in the overall MVC population. 
No differences in mortality were observed among centers 
(0.0–4.2%, p=0.14) (Table 6).

Discussion

Trauma is the leading cause of nonobstetric maternal death, 
responsible for 20% of maternal deaths in the USA [1, 2, 
7, 8, 11]. Expeditious and accurate injury identification is Ta
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imperative to potentially improve the outcomes of PTPs. 
However, providers must consider the consequences of 
radiation exposure to the developing fetus when choosing 
to perform CT imaging. This multicenter study found more 
than 50% variability across trauma centers for the rate of CT 
imaging of the head, cervical spine, chest, and abdomen/pel-
vis for PTPs. Similarly, in a subgroup of high-speed MVCs, 
there remained significant variability in the use of CT head, 
cervical spine, chest, and abdomen/pelvis when comparing 
trauma centers.

Concern for radiation-induced fetal harm begins around 
50 mGy [1]. The amount of radiation exposure is dependent 
on the CT imaging protocol (e.g., the number of slices in a 
given area). However, location also matters, a CT scan with 
a thickness of 10 mm for the head would require >100 scans 
to equal a cumulative fetal toxic radiation dose, whereas 
a CT abdomen/pelvis with intravenous contrast followed 
by delayed imaging or a CT angiography scan followed by 
venous phase (e.g., multiphase imaging) would each have 
double the radiation exposure compared to a single phase 
scan and would surpass the toxic fetal dose of radiation 
(Table 7) [3, 22–25]. Due to the potential radiation risk to 
the fetus from CT imaging, PTPs in clinical practice may be 
evaluated differently than non-pregnant patients. This is evi-
denced by an American College of Radiology and American 
College of Obstetricians and Gynecologists survey, where 
over 73% of respondents noted they alter their CT protocols 
to account for pregnancy safety. This can be accomplished 
by shielding the fetus during CT imaging away from the 
abdomen [12] or adjusting the CT radiation protocols to 
deliver a lower dosage [6, 19, 26] of ionizing radiation [6, 
19, 26]. In fact, the Western Trauma Association recom-
mends the use of radiograph shielding whenever possible 
[4]. However, none of these national organizations nor the 
Eastern Association for the Surgery of Trauma or other 
trauma organizations put forth explicit guidelines regard-
ing when to image PTPs [23]. In addition, few studies exist 
regarding imaging practices for PTPs [1, 2, 4–14, 16, 18, 
27]. Maxwell et al. demonstrated that PTPs underwent CT 
imaging less frequently compared to non-pregnant patients 
(48% vs 67%, p<0.0001) at their single trauma center [12]. 

This supports the premise that PTPs are not managed like 
non-pregnant adults in relation to CT imaging. This current 
multicenter study further supports this as PTPs involved in 
MVCs undergo variable CT imaging across trauma centers 
with rates of CT imaging among centers ranging by 45.7% 
for CT chest (lowest center 4.48% vs highest center 50.25%) 
to 63% (lowest center 11.8% vs highest center 75%) for CT 
cervical spine. Thus, there appears a need for the develop-
ment of consensus guidelines and best practices to help 
standardize optimal care for PTPs.

The main purpose of CT imaging of trauma patients is to 
identify life-threatening injuries such as blunt thoracic aortic 
injuries. This potentially lethal injury may occur even in 
the absence of plain film radiographic findings [28, 29]. As 
such, it is recommended to perform a CT with intravenous 
contrast for all trauma patients with sufficient mechanisms 
to cause this injury (e.g., high-speed MVC). In contrast, this 
imaging practice is not recommended for pediatric trauma 
patients due to the low incidence of blunt thoracic aortic 
injury. In terms of PTPs, the incidence of blunt thoracic 
aortic injury has been purported to be quite low as well, with 
only case reports in the literature [13, 15]. This multicenter 
study of 729 MVC patients spanning 5 years of data across 
12 busy trauma centers found no pregnant patient suffered a 
blunt thoracic aortic injury or required a thoracotomy. This 
may call into question the necessity of performing CT chest 
imaging on all PTPs, at least purely due to the mechanism of 
injury. Future prospective research is needed to corroborate 
these findings, but caution should be exercised when decid-
ing to perform a CT chest for PTPs.

Limitations

This study has many limitations, including those inherent 
to its retrospective design such as missing data. In addition, 
pertinent missing variables include baseline adult CT imag-
ing rates for these trauma centers and details regarding the 
severity of the MVC (i.e., seat belt use, vehicle intrusion, 
and airbag deployment). In addition, missing data regard-
ing long-term fetal outcomes is an important limitation that 
merits future prospective research. Also, this study did not 
account for post-discharge imaging and outcomes. In addi-
tion, two of the centers included in the overall study did not 
record the speed of MVCs, which may have skewed results 
for the high-speed cohort, although based on the significant 
variation seen in the overall population of MVCs, this would 
seem unlikely. Furthermore, trauma patients not specifically 
evaluated by trauma teams were not included in this analysis. 
Finally, despite this being a multicenter study, the overall 
population was relatively small, and all participating trauma 
centers were located within the same region, thus possibly 
preventing the generalization of this data. However, one 

Table 7   Fetal radiation exposure in various imaging modalities

Examination type Estimated fetal dose 
per examination 
(mGy)

Chest radiograph (2-view) 0.002
Computed tomography (CT) head <0.50
CT chest 0.2
CT abdomen/pelvis 29
Multiphase CT imaging (e.g., CT abdomen/

pelvis with delayed imaging)
58
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would presume that within a certain region, there might be 
more uniformity in management practices, which was not 
demonstrated in this study.

Conclusion

This multicenter retrospective study demonstrated signifi-
cant variation in the performance of CT imaging of all body 
regions (head, cervical spine, chest, and abdomen/pelvis) for 
PTPs involved in MVCs, the most common mechanism of 
injury for PTPs. This finding held true even across a cohort 
of high-speed MVCs. In addition, most outcomes includ-
ing mortality and in-hospital procedures were similar when 
comparing trauma centers. Together, these results under-
score the importance of developing practice management 
guidelines for when to obtain specific CT imaging for PTPs, 
to minimize additive radiation exposure to the developing 
fetus, while ensuring optimal outcomes.
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