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Abstract

Objective: Physical trauma affects 1 in 12 pregnant women and 
has a major impact on maternal mortality and morbidity and on 
pregnancy outcome . A multidisciplinary approach is warranted to 
optimize outcome for both the mother and her fetus . The aim of this 
document is to provide the obstetric care provider with an evidence-
based systematic approach to the pregnant trauma patient .

Outcomes: Significant health and economic outcomes considered in 
comparing alternative practices .

Evidence: Published literature was retrieved through searches of 
Medline, CINAHL, and The Cochrane Library from October 2007 
to September 2013 using appropriate controlled vocabulary (e .g ., 
pregnancy, Cesarean section, hypotension, domestic violence, 
shock) and key words (e .g ., trauma, perimortem Cesarean, 
Kleihauer-Betke, supine hypotension, electrical shock) . Results 
were restricted to systematic reviews, randomized control trials/
controlled clinical trials, and observational studies published in 
English between January 1968 and September 2013 . Searches 
were updated on a regular basis and incorporated in the guideline 
to February 2014 .

 Grey (unpublished) literature was identified through searching the 
websites of health technology assessment and health technology-
related agencies, clinical practice guideline collections, clinical 
trial registries, and national and international medical specialty 
societies .

Values: The quality of evidence in this document was rated using the 
criteria described in the Report of the Canadian Task Force on 
Preventive Health Care (Table 1) .

Benefits, harms, and costs: This guideline is expected to facilitate 
optimal and uniform care for pregnancies complicated by trauma .

SUMMARY STATEMENT

Specific traumatic injuries

At this time, there is insufficient evidence to support the practice of 
disabling air bags for pregnant women . (III)

RECOMMENDATIONS

Primary survey

 1.  Every female of reproductive age with significant injuries should 
be considered pregnant until proven otherwise by a definitive 
pregnancy test or ultrasound scan . (III-C)
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 2 .  A nasogastric tube should be inserted in a semiconscious or 
unconscious injured pregnant woman to prevent aspiration of 
acidic gastric content . (III-C)

 3 .  Oxygen supplementation should be given to maintain 
maternal oxygen saturation > 95% to ensure adequate fetal 
oxygenation . (II-1B)

 4 .  If needed, a thoracostomy tube should be inserted in an 
injured pregnant woman 1 or 2 intercostal spaces higher than 
usual . (III-C)

 5 .  Two large bore (14 to 16 gauge) intravenous lines should be 
placed in a seriously injured pregnant woman . (III-C)

 6 .  Because of their adverse effect on uteroplacental perfusion, 
vasopressors in pregnant women should be used only 
for intractable hypotension that is unresponsive to fluid 
resuscitation . (II-3B)

 7 .  After mid-pregnancy, the gravid uterus should be moved off 
the inferior vena cava to increase venous return and cardiac 
output in the acutely injured pregnant woman . This may be 
achieved by manual displacement of the uterus or left lateral 
tilt . Care should be taken to secure the spinal cord when using 
left lateral tilt . (II-1B)

 8 .  To avoid rhesus D (Rh) alloimmunization in Rh-negative 
mothers, O-negative blood should be transfused when needed 
until cross-matched blood becomes available . (I-A)

 9 .  The abdominal portion of military anti-shock trousers should 
not be inflated on a pregnant woman because this may reduce 
placental perfusion . (II-3B)

Transfer to health care facility

10 .  Transfer or transport to a maternity facility (triage of a labour 
and delivery unit) is advocated when injuries are neither life- 
nor limb-threatening and the fetus is viable (≥ 23 weeks), and 
to the emergency room when the fetus is under 23 weeks’ 
gestational age or considered to be non-viable . When the 
injury is major, the patient should be transferred or transported 
to the trauma unit or emergency room, regardless of 
gestational age . (III-B) 

11 . When the severity of injury is undetermined or when the 
gestational age is uncertain, the patient should be evaluated in the 
trauma unit or emergency room to rule out major injuries . (III-C)

Evaluation of a pregnant trauma patient in the emergency room

12 . In cases of major trauma, the assessment, stabilization, and 
care of the pregnant women is the first priority; then, if the 
fetus is viable (≥ 23 weeks), fetal heart rate auscultation and 
fetal monitoring can be initiated and an obstetrical consultation 
obtained as soon as feasible . (II-3B)

13.  In pregnant women with a viable fetus (≥ 23 weeks) and 
suspected uterine contractions, placental abruption, or  
traumatic uterine rupture, urgent obstetrical consultation is 
recommended . (II-3B)

14 .  In cases of vaginal bleeding at or after 23 weeks, speculum or 
digital vaginal examination should be deferred until placenta 
previa is excluded by a prior or current ultrasound scan . (III-C)

Adjunctive tests for maternal assessment

15 .  Radiographic studies indicated for maternal evaluation  
including abdominal computed tomography should not be  
deferred or delayed due to concerns regarding fetal exposure to 
radiation . (II-2B)

16 .  Use of gadolinium-based contrast agents can be considered 
when maternal benefit outweighs potential fetal risks. (III-C)

17 .  In addition to the routine blood tests, a pregnant trauma patient 
should have a coagulation panel including fibrinogen. (III-C)

18 .  Focused abdominal sonography for trauma should be considered 
for detection of intraperitoneal bleeding in pregnant trauma 
patients . (II-3B)

19 .  Abdominal computed tomography may be considered as an 
alternative to diagnostic peritoneal lavage or open lavage when 
intra-abdominal bleeding is suspected . (III-C)

Fetal assessment

20.  All pregnant trauma patients with a viable pregnancy (≥ 23 weeks) 
should undergo electronic fetal monitoring for at least 4 hours . (II-3B)

Table 1. Key to evidence statements and grading of recommendations, using the ranking of the Canadian Task Force 
on Preventive Health Care
Quality of evidence assessment* Classification of recommendations†

I:        Evidence obtained from at least one properly randomized  
controlled trial

A .   There is good evidence to recommend the clinical preventive action

II-1:   Evidence from well-designed controlled trials  without    
randomization

B .   There is fair evidence to recommend the clinical preventive action

II-2:   Evidence from well-designed cohort (prospective or   
retrospective) or case–control studies, preferably from   
more than one centre or research group

C .   The existing evidence is conflicting and does not allow to make a 
recommendation for or against use of the clinical preventive action; 
however, other factors may influence decision-making

II-3:   Evidence obtained from comparisons between times or  
places with or without the intervention . Dramatic results in 
uncontrolled experiments (such as the results of treatment with 
penicillin in the 1940s) could also be included in this category

D .   There is fair evidence to recommend against the clinical preventive action

E .   There is good evidence to recommend against the clinical preventive 
action

III:      Opinions of respected authorities, based on clinical experience, 
descriptive studies, or reports of expert committees

L.   There is insufficient evidence (in quantity or quality) to make 
a recommendation; however, other factors may influence 
decision-making

*The quality of evidence reported in here has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force on Preventive Health 
Care .133

†Recommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the Canadian Task Force 
on Preventive Health Care .133
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21.  Pregnant trauma patients (≥ 23 weeks) with adverse factors 
including uterine tenderness, significant abdominal pain, vaginal 
bleeding, sustained contractions (> 1/10 min), rupture of the 
membranes, atypical or abnormal fetal heart rate pattern, high 
risk mechanism of injury, or serum fibrinogen < 200 mg/dL should 
be admitted for observation for 24 hours . (III-B)

22 .  Anti-D immunoglobulin should be given to all rhesus D-negative 
pregnant trauma patients . (III-B)

23.  In Rh-negative pregnant trauma patients, quantification of 
maternal–fetal hemorrhage by tests such as Kleihauer-Betke 
should be done to determine the need for additional doses of 
anti-D immunoglobulin . (III-B)

24 .  An urgent obstetrical ultrasound scan should be undertaken 
when the gestational age is undetermined and need for delivery 
is anticipated . (III-C)

25 .  All pregnant trauma patients with a viable pregnancy who are 
admitted for fetal monitoring for greater than 4 hours should have 
an obstetrical ultrasound prior to discharge from hospital . (III-C)

26 .  Fetal well-being should be carefully documented in cases 
involving violence, especially for legal purposes . (III-C)

Obstetrical complications of trauma

27 .  Management of suspected placental abruption should not be 
delayed pending confirmation by ultrasonography as ultrasound 
is not a sensitive tool for its diagnosis . (II-3D)

Specific traumatic injuries

28 .  Tetanus vaccination is safe in pregnancy and should be given 
when indicated . (II-3B)

29 .  Every woman who sustains trauma should be questioned 
specifically about domestic or intimate partner violence. (II-3B)

30 .  During prenatal visits, the caregiver should emphasize the 
importance of wearing seatbelts properly at all times . (II-2B)

Perimortem Caesarean section

31 .  A Caesarean section should be performed for viable pregnancies 
(≥ 23 weeks) no later than 4 minutes (when possible) following 
maternal cardiac arrest to aid with maternal resuscitation and 
fetal salvage . (III-B)

INTRODUCTION

Trauma during pregnancy is the leading cause of  non-
obstetric maternal mortality, with 20% of  maternal 

deaths directly attributable to injuries.1 Non-lethal 
injuries occur in 1 in every 12 pregnant women and are 
most commonly the result of  an MVC or of  domestic 
or intimate partner violence.1–3 Other common causes 
of  trauma in a pregnant patient are penetrating injuries 
and falls.4–6 Health Canada reported maternal mortality 
as 6.1 per 100 000 live births during 1997–2000.7 
During that period 15 maternal deaths (an incidence of  
1.5/100 000) were attributed to MVC. There was no other 
single diagnosis (pulmonary embolism, preeclampsia, 
hemorrhage, etc.) with such a high mortality rate. A 
Swedish national population-based study (1991–2001) 
reported an MVC incidence of  207/100 000 pregnancies 
that was associated with a maternal mortality of  1.4 per 
100 000 pregnancies and a perinatal mortality of  3.7 per 
100 000 pregnancies (an odds ratio of  3.55 compared 
with the background risk).8 There was no significant 
difference in fatal injury risk among pregnant and non-
pregnant women involved in an MVC.8 A report by 
the National Trauma Data Bank (2001–2005) indicated 
that trauma-related mortality among pregnant women 
is lower than that among non-pregnant women.9 This 
difference has been attributed to protective hormonal 
and physiologic effects of  pregnancy as well as a higher 
likelihood of  hospital admission of  pregnant versus non-
pregnant trauma victims.9,10

The management of  a pregnant trauma patient warrants 
consideration of  several issues specific to pregnancy 
such as alterations in maternal physiology and anatomy, 
exposure to radiation and other possible teratogens, 
the need to assess fetal well-being, and conditions that 
are unique to pregnancy and are related to trauma (Rh 
isoimmunization, placental abruption, and preterm 
labour). Optimization of  outcome in severe trauma 
cases mandates a multidisciplinary team approach 
involving trauma surgeons, emergency medicine 
physicians, obstetricians, neonatologists, nursing staff, 
and technicians. The obstetrician (or other obstetric care 
provider) plays a major role in determining gestational 
age, optimizing uteroplacental perfusion, assessing fetal 
well-being, providing information about the risks of  
radiation exposure and use of  medications, and deciding 
upon and executing an emergency Caesarean section.

A systematic, evidence-based approach to the management 
of  maternal trauma is hereby provided to assist and 
guide physicians involved in such cases, either as primary 
caregivers or consultants.

ABBREVIATIONS
CNS  central nervous system

CT  computerized tomography

DPL  diagnostic peritoneal lavage

ECG  electrocardiogram

EFM  electronic fetal monitoring

ER  emergency room

FAST  focused abdominal sonography for trauma

ICU  intensive care unit

KB  Kleihauer-Betke

L&D  labour and delivery

MAST  military anti-shock trousers

MFH  maternal-fetal hemorrhage

MVC  motor vehicle collision

Rh  rhesus D

Table 1. Key to evidence statements and grading of recommendations, using the ranking of the Canadian Task Force 
on Preventive Health Care
Quality of evidence assessment* Classification of recommendations†

I:        Evidence obtained from at least one properly randomized  
controlled trial

A .   There is good evidence to recommend the clinical preventive action

II-1:   Evidence from well-designed controlled trials  without    
randomization

B .   There is fair evidence to recommend the clinical preventive action

II-2:   Evidence from well-designed cohort (prospective or   
retrospective) or case–control studies, preferably from   
more than one centre or research group

C .   The existing evidence is conflicting and does not allow to make a 
recommendation for or against use of the clinical preventive action; 
however, other factors may influence decision-making

II-3:   Evidence obtained from comparisons between times or  
places with or without the intervention . Dramatic results in 
uncontrolled experiments (such as the results of treatment with 
penicillin in the 1940s) could also be included in this category

D .   There is fair evidence to recommend against the clinical preventive action

E .   There is good evidence to recommend against the clinical preventive 
action

III:      Opinions of respected authorities, based on clinical experience, 
descriptive studies, or reports of expert committees

L.   There is insufficient evidence (in quantity or quality) to make 
a recommendation; however, other factors may influence 
decision-making

*The quality of evidence reported in here has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force on Preventive Health 
Care .133

†Recommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the Canadian Task Force 
on Preventive Health Care .133
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PRIMARY SURVEY

Seriously injured trauma victims are occasionally unable to 
communicate with the primary caregiver. In addition, some 
women may be unaware of  their pregnancy status. One 
study showed that 3% of  women admitted to a trauma 
unit were pregnant, and of  these 11% were incidental 
pregnancies.11 Therefore, it is recommended that every 
injured female of  childbearing years should be considered 
pregnant until proven otherwise. Following admission 
of  the patient for further care in a health care facility, a 
pregnancy test should be performed.12 The confirmation 
of  pregnancy may have a major impact on future decisions 
regarding diagnostic imaging, use of  medications, and 
other treatment modalities.

As with non-pregnant women, the initial assessment of  an 
acutely injured pregnant woman should include securing 
her airway, ensuring breathing, and maintaining adequate 
circulation. The most important lifesaving primary 
interventions might include, for example, intubation and 
controlling severe external hemorrhage.

Airway
The pregnant patient has a greater risk for airway 
management problems and difficult intubation than the 
non-pregnant patient.13 Weight gain, respiratory tract 
mucosal edema, decreased functional residual capacity, 
reduced respiratory system compliance, increased airway 
resistance, and increased oxygen requirements are 
pregnancy-induced changes that place the injured pregnant 
woman at risk for failure to maintain a patent airway 
and secured ventilation.14 An early intubation should be 
considered in whenever airway problems are anticipated.

Injured pregnant women with an unsecured airway are at 
increased risk for aspiration of  gastric contents. Gastric 
emptying is delayed in pregnancy and pregnant women 
should be considered to have a full stomach for up to 24 
hours after their last meal. Intubation is more difficult 
in pregnant patients, with failed intubations being 8 
times more likely.15 A smaller size of  endotracheal tube 
is recommended.15 Cricoid pressure can be considered 
during intubation to decrease the risk of  regurgitation of  
gastric contents into the pharynx and for manipulation 
of  laryngoscopic view.15,16 However, adjustment of  
pressure or early release may be necessary if  the view is 
poor. In addition, early placement of  a nasogastric tube is 
warranted in an unconscious or semiconscious pregnant 
patient to avoid aspiration in light of  decreased gastric 
motility, compression of  the upper gastrointestinal tract, 
elevated gastric acid, decreased pH, and relaxation of  the 
lower esophageal sphincter.17

Breathing
Marked increases in basal oxygen consumption and 
extreme sensitivity of  the fetus to maternal hypoxia 
mandate supplemental oxygen by a nasal cannula, mask, 
or endotracheal tube to all pregnant trauma patients to 
maintain oxygen saturation above 95%.

Taking into account the displacement of  the diaphragm 
during pregnancy, it may be advisable to insert a 
thoracostomy tube, when indicated, one to 2 intercostal 
spaces higher than usual.18

Circulation
Administration of  fluids and blood products during 
resuscitation should proceed according to standard trauma 
protocols.19 Nevertheless, some modifications should be 
made in the pregnant trauma victim.

Insertion of  2 large bore needles (14–16 gauge) is 
recommended for all seriously injured trauma patients 
to facilitate initial rapid crystalloid infusion, intravascular 
volume expansion, and possible further blood transfusion 
as required. The uteroplacental vasculature is highly 
responsive to vasopressors, and their administration 
may decrease placental perfusion. In cases of  maternal 
hypotension vasopressors should be avoided unless the 
patient is unresponsive to replenishment of  intravascular 
volume by fluid administration.20 Bicarbonate should be 
used with caution, because rapid correction of  maternal 
acidosis can reduce the compensatory hyperventilation.21 To 
further facilitate the evaluation of  maternal hypovolemia, 
the pregnant trauma patient should be undressed and a 
thorough examination for sources of  blood loss should be 
undertaken.

Care must be taken to avoid supine hypotension in the 
pregnant trauma patient after mid-pregnancy. Compression 
of  the vena cava by the uterus can cause up to 30% 
reduction in cardiac output.22 The displacement of  the 
uterus off  of  the inferior vena cava and abdominal aorta 
enhances maternal venous return and cardiac output, and 
consequently improves uterine perfusion.19,23 This can 
be achieved either by placing the patient in the left lateral 
position or by manual displacement of  the uterus while the 
injured patient is secured in the supine position. The latter 
may allow more effective chest compressions while cardio-
pulmonary resuscitation is in progress.24 A third option is to 
use a backboard for lateral tilt with secured spine in suspected 
spinal injuries. Fetal risks from maternal defibrillation are 
small, especially if  all fetal monitors have been removed.25

In the setting of  acute blood loss necessitating immediate 
administration of  blood products in a pregnant trauma 
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patient, O-negative blood should be transfused in order to 
avoid Rh sensitization in Rh-negative women until type-
specific or cross-matched donor blood becomes available.

Inflation of  the abdominal portion of  the MAST is 
contraindicated during pregnancy as it may lead to reduced 
placental perfusion and increased cardiac workload.26

Recommendations
1.  Every female of  reproductive age with significant 

injuries should be considered pregnant until 
proven otherwise by a definitive pregnancy test or 
ultrasound scan. (III-C)

2.  A nasogastric tube should be inserted in a 
semiconscious or unconscious injured pregnant 
woman to prevent aspiration of  acidic gastric 
content. (III-C)

3.  Oxygen supplementation should be given to 
maintain maternal oxygen saturation > 95% to 
ensure adequate fetal oxygenation. (II-1B)

4.  If  needed, a thoracostomy tube should be inserted 
in an injured pregnant woman 1 or 2 intercostal 
spaces higher than usual. (III-C)

5.  Two large bore (14 to 16 gauge) intravenous lines 
should be placed in a seriously injured pregnant 
woman. (III-C)

6.  Because of  their adverse effect on uteroplacental 
perfusion, vasopressors in pregnant women should 
be used only for intractable hypotension that is 
unresponsive to fluid resuscitation. (II-3B)

7.  After mid-pregnancy, the gravid uterus should be 
moved off  the inferior vena cava to increase venous 
return and cardiac output in the acutely injured 
pregnant woman. This may be achieved by manual 
displacement of  the uterus or left lateral tilt. Care 
should be taken to secure the spinal cord when 
using left lateral tilt. (II-1B)

8.  To avoid rhesus D (Rh) alloimmunization in Rh-
negative mothers, O-negative blood should be 
transfused when needed until cross-matched blood 
becomes available. (I-A)

9.  The abdominal portion of  military anti-shock 
trousers should not be inflated on a pregnant 
woman because this may reduce placental  
perfusion. (II-3B)

TRANSFER TO HEAlTH CARE FACIlITY

Following successful initial maternal stabilization, 
the primary care provider should organize further 
appropriate referral, consultation, and transfer of  care 
as required. The dilemma is not only whether and how 

to transfer patient care between different health facilities, 
but also where further care should be provided: in the 
trauma unit, ER, or community-designated emergency 
care facility/personnel unit, in an ICU, or in the 
maternity/L&D unit or community-designated maternity 
facility/personnel unit. Although most injuries are not 
categorized as life threatening, they may still be extensive 
or mandate immediate intervention to prevent long-term 
consequences for the mother.

Factors that should be taken into consideration are severity 
of  the injuries and gestational age. Maternal health should 
always take priority over interventions for the fetus. When 
major maternal trauma is evident or suspected, the patient 
should be transferred without delay to the trauma unit or 
ER. The same applies for women with pregnancies of  under 
23 weeks’ gestation, when the fetus is considered non-
viable and serious obstetric complications are uncommon. 
Women over 23 weeks’ gestation without life- or limb-
threatening injuries should be transported to a maternity or 
L&D unit as soon as possible. However, the diagnosis of  
pregnancy is not always certain or obvious. Many seriously 
injured trauma victims cannot communicate, and some are 
unaware of  their pregnancy status. Gestational age may be 
unobtainable or uncertain, complicating the process of  
decision making. The primary care provider should try to 
assess the gestational age by verbal communication with 
the patient or her companion or through documentation 
found in her possession. Fundal height may give a rough 
estimate of  gestational age in most cases of  a singleton 
gestation. Occasionally, injury-related distention of  the 
abdomen may interfere with the estimation of  fundal 
height.

Multiple systems for scoring the severity of  trauma have 
been proposed in the literature,27 but most of  them are 
cumbersome and are not applicable for on-scene decision 
making. Severity assessment scoring systems frequently 
used in trauma and intensive care patients to predict 
outcome are often not useful in pregnant women admitted 
to a general ICU.28 The standard Injury Severity Score 
assessment is also not accurate in predicting placental 
abruption and fetal demise. Buchsbaum described simple 
and applicable criteria that essentially distinguish between 
major maternal injuries that require further assessment in 
a trauma centre and minor injuries for which obstetrical 
surveillance takes precedence.29 Buchsbaum used criteria 
such as hematuria, suspected internal bleeding, loss of  
conscious, and fractures to delineate major trauma. We 
suggest that these simple parameters should be considered 
along with common sense when deciding upon patient 
transfer and transport arrangements for a pregnant woman 
after 23 weeks’ gestation.
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Recommendations
10.  Transfer or transport to a maternity facility (triage 

of  a labour and delivery unit) is advocated when 
injuries are neither life- nor limb-threatening and the 
fetus is viable (≥ 23 weeks), and to the emergency 
room when the fetus is under 23 weeks’ gestational 
age or considered to be non-viable. When the 
injury is major, the patient should be transferred or 
transported to the trauma unit or emergency room, 
regardless of  gestational age. (III-B)

11.  When the severity of  injury is undetermined or 
when the gestational age is uncertain, the  
patient should be evaluated in the trauma  
unit or emergency room to rule out major  
injuries. (III-C)

EVAlUATION OF A PREGNANT 
TRAUMA PATIENT IN THE ER

Assessment of  a pregnant trauma patient in the ER 
may require the involvement of  a multidisciplinary team 
that may include an emergency physician or trauma 
specialist (or the designated emergency care provider), an 
obstetrician (or obstetrical care provider), a neonatologist, 
an anaesthetist, and skilled nursing staff. The pregnant 
patient should be fully assessed, as is a non-pregnant 
patient, with a thorough history, examination, laboratory 
tests, imaging studies, and invasive diagnostic procedures 
as indicated. In addition, special attention should be given 
to fetal evaluation when gestational age is ≥ 23 weeks and 
to trauma complications that are unique to pregnancy 
such as placental abruption. Communication between 
health care providers can be facilitated by incorporating 
the emergency triage protocol in the management of  
pregnancy trauma patients.30

History
As in the non-pregnant trauma patient, a thorough 
history is of  utmost importance to delineate the 
mechanism of  injury and possible concealed damage 
in a pregnant patient. The caregiver should also obtain 
information about past obstetrical history (e.g., scarred 
uterus, previous obstetrical complications) and the 
course of  the current pregnancy. Certain pregnancy 
complications will affect the management of  trauma-
related injuries. For example, patients with preeclampsia 
have reduced intravascular volume and are extremely 
sensitive to hypovolemia and anemia. These patients may 
also have compromised renal function on the one hand 
and increased capillary permeability with proneness to 
pulmonary edema on the other. Awareness of  these 
factors may lead to modification of  fluid management 

with regard to the method and rate of  volume 
replacement and the means of  monitoring intravascular 
volume and cardiac output.

The history should also include inquiries into specific 
complications of  trauma in pregnancy: leakage of  fluid, 
vaginal bleeding, abdominal pain or cramping, intensity 
and frequency of  contractions, and maternal perception 
of  fetal movements.

Physical Examination
The physical examination of  pregnant trauma patients is 
similar to that of  non-pregnant patients with modifications 
for pregnancy-related complications. We endorse the 
recommendations proposed by the Advanced Trauma Life 
Support Course of  the American College of  Surgeons’ 
Committee on Trauma.19

All body parts of  the pregnant trauma patient should be 
exposed and thoroughly examined. In recording vital signs 
it is helpful to keep in mind that the heart rate increases by 
15% during pregnancy. Tachycardia and hypotension, typical 
of  hypovolemic shock, may appear late in the pregnant 
trauma patient because of  her increased blood volume.31 
During pregnancy, maternal vital signs and perfusion may 
be preserved at the expense of  uteroplacental perfusion, 
delaying the occurrence of  signs of  hypovolemic shock.32 
Not uncommonly, noticeable alterations in vital signs occur 
only after significant blood loss that may have already 
diminished uteroplacental perfusion. In these instances, an 
atypical or abnormal fetal heart rate pattern, in addition to 
indicating impending fetal hypoxemic injury or even death, 
may be the first indicator of  significant maternal hypovolemia 
due to hemorrhage.32–34 Therefore, in a pregnant patient 
≥ 23 weeks’ gestation, fetal heart rate monitoring should be 
initiated as soon as possible. This may require having staff  
from the maternity or L&D unit visit the unit where the 
pregnant woman is receiving care for her injuries. For those 
< 23 weeks’ gestation, a brief  assessment of  fetal viability 
is adequate. Continuous monitoring of  oxygen saturation 
is advised since maternal desaturation may compromise 
oxygenation of  the fetus. Oxygen supplementation should 
be given to increase oxygen saturation.

Special attention should be paid to the abdomen since 
serious injuries may involve the gravid uterus as well as other 
abdominal organs. The contour of  the abdomen should be 
carefully inspected for abnormal distension as a sign of  intra-
abdominal hemorrhage or perforation of  hollow viscus. 
Meticulous documentation of  the location of  entrance 
and exit wounds of  penetrating trauma is of  paramount 
importance. The uterus and its contents usually cushion 
the impact of  penetrating trauma; therefore, in women 
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after mid-pregnancy mortality and incidence of  visceral 
injury with penetrating abdominal trauma are substantially 
lower than in the general population.35 However, injuries 
below the fourth intercostal space anteriorly, or the tip of  
the scapula posteriorly, should be carefully evaluated for 
potential thoraco-abdominal penetrating injuries. Risk factors 
associated with maternal death include bruising injuries to 
the abdomen, pelvis, or lower back, pelvic fractures, intra-
abdominal injuries, and penetrating trauma.34,36

Clinical signs of  peritoneal irritation are less evident in 
the pregnant woman; therefore, in cases of  suspected 
abdominal injury, physical examination is less informative 
in ruling out major organ damage and further 
investigations should be conducted.37 The uterus should 
be assessed for fundal height, shape, hypertonus, and 
tenderness. Tenderness over the uterus is an important 
sign suggestive of  abruption of  the placenta. Irregularities 
on the abdomen may represent fetal body parts in cases of  
traumatic uterine rupture. In these cases, rapid response 
of  the medical team can significantly reduce maternal 
and fetal risks, and urgent obstetrical consultation is 
recommended.33,38,39 In some communities, the consultant 
who can perform a Caesarean and other requisite surgical 
procedures may be a family physician or a surgeon.

Vaginal examination should be performed for cervical 
dilatation, effacement, fetal presentation, and station. 
However, in cases of  vaginal bleeding after 23 weeks, 
speculum or digital vaginal examination should be deferred 
until placenta previa is excluded by an ultrasound scan. A 
speculum examination should be performed to assess for 
vaginal bleeding, pooling of  amniotic fluid, cervical dilatation, 
vaginal or cervical lacerations, and expulsion of  gestational 
tissue.

Recommendations
12.  In cases of  major trauma, the assessment, 

stabilization, and care of  the pregnant women is  
the first priority; then, if  the fetus is viable  
(≥ 23 weeks), fetal heart rate auscultation and 
fetal monitoring can be initiated and an obstetrical 
consultation obtained as soon as feasible. (II-3B)

13.  In pregnant women with a viable fetus (≥ 23 
weeks) and suspected uterine contractions, placental 
abruption, or traumatic uterine rupture, urgent 
obstetrical consultation is recommended. (II-3B)

14.  In cases of  vaginal bleeding at or after 23 weeks, 
speculum or digital vaginal examination should be 
deferred until placenta previa is excluded by a prior 
or current ultrasound scan. (III-C)

ADJUNCTIVE TESTS FOR  
MATERNAl ASSESSMENT

Radiographic Studies
Plain radiographs of  the cervical spine, chest, and pelvis are 
first line radiological studies.19 Clinicians are often reluctant 
to order imaging studies for pregnant patients out of  concern 
about fetal exposure to ionizing radiation. Patients’ attitudes 
may also reflect anxieties that are disproportionate to the 
actual risks. Ionizing radiation has the highest teratogenic 
potential during the period of  organogenesis (5–10 weeks), 
with an increased risk of  miscarriage before this period.40–42 
After 10 weeks, radiation is more likely to produce growth 
restriction or CNS effects than teratogenenic changes.40,43 
Fetal exposure from the radiological examinations that 
are routinely used in the evaluation of  pregnant trauma 
patients presents a very low risk to the developing fetus 
(Table 2).40,44,45 Radiation exposure with a cumulative dose of  
> 5–10 rads (50–100 mGy) is associated with an increased 
risk of  fetal malformation or CNS effects, limited usually 
to a gestational age < 18 weeks.40,42,46–48 Concerns about 
fetal exposure to radiation should not preclude or delay any 
indicated radiological evaluation. CT studies are associated 

Table 2. Estimated fetal radiation doses 
during some common radio-diagnostic 
procedures
 
Examination 

Fetal dose  
(mrad)

X-ray

Upper gastrointestinal series 100

Cholecystography 100

Lumbar spine radiography 400

Pelvic radiography 200

Hip and femur radiography 300

Retrograde pyelography 600

Abdominal radiography 250

Lumbar spine,

Anteroposterior 750

Lateral 91

Oblique 100

Barium enema 1000

Intravenous pyelogram 480

Computed tomography

Head 0

Chest 16

Abdomen 3000
(Adapted from Ratnapalan S, Bona N, Koren G; Motherisk 
Team . Ionizing radiation during pregnancy . Can Fam 
Physician . 2003 Jul;49:873–4 . By permission of Canadian 
Family Physician .)

mrad: milli-rad (radiation absorbed dose)
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with increased fetal radiation exposure depending on the 
body part being scanned, the gestational age, the number 
and thickness of  slices, and the equipment used. With 
abdominal CT during the third trimester the fetal exposure 
is around 3.5 rads, which is still under the threshold for fetal 
damage.49 Use of  gadolinium-based contrast agents has 
shown fetal toxicity in animal studies, though no adverse 
effects have been reported in human fetuses.50 Their use 
can be considered when the maternal benefit outweighs 
potential fetal risks.

The carcinogenic effects of  ionizing radiation exposure are 
still in dispute. Some studies have suggested an increased 
risk with exposure to even a low dose of  ionizing radiation 
in utero, especially before 8 weeks.48,51–53 However, the 
lifetime cancer risk from prenatal exposure is considered 
to be similar to that from exposure during childhood.48 
Further, at an exposure level of  < 5 rad, the additional 
lifetime risk was < 2% (< 0.6% during childhood), over 
and above the background lifetime risk of  around 40%.46 
Other studies, including a large Ontario-based cohort, 
could not confirm an increased risk.54,55 Therefore, if  
there is any carcinogenic potential of  ionizing radiation 
exposure at levels usually used in diagnostic procedure, it 
is thought to be quite low. However, careful consideration 
of  alternative forms of  evaluation, accurate completion 
of  ionizing studies to avoid duplication, and limitation of  
the number of  CT cuts or area studied may be beneficial 
in limiting fetal exposure to radiation.

laboratory Tests
In all trauma patients, laboratory tests are often ordered 
by protocol, but in pregnant patients the clinician should 
be aware of  alterations in the normal range of  a few 
laboratory values. The white blood count is usually 
elevated and counts up to 20 × 109/L may represent the 
physiologic response to pregnancy. Leukocytosis should 
be correlated with clinical findings, other lab tests, and 
imaging studies to confirm the suspicion of  infection 
or inflammation. Fibrinogen values are often more than 
4 g/L during pregnancy,56 therefore the normal values of  
2.5 to 3 g/L for a non-pregnant patient may actually signify 
mild hypofibrinogenemia, and levels below 2 g/L may 
indicate disseminated intravascular coagulation, a frequent 
comorbidity of  significant placental abruption.57 D-dimer 
measurement is a marker for venous thromboembolism. 
However, during pregnancy, the D-dimer is often positive 
and therefore is of  little value in the diagnosis or exclusion 
of  venous thromboembolism. Normal range for the 
partial pressure of  CO2 is decreased during pregnancy 
to 27 to 32 mmHg, thus normal non-pregnant values of  
40 mmHg may result from mild hypoventilation. Serum 
creatinine levels are decreased during pregnancy to 50 to 

60 µmol/L, and even a value as low as 90 µmol/L may 
be abnormal. Alkaline phosphatase is secreted by the 
placenta, thus levels that are twice the upper limit for 
non-pregnant patients are within the normal range during 
pregnancy (up to 140 IU/L).58,59 In addition to the routine 
laboratory studies for trauma evaluation, it is advisable to 
order a coagulation profile including fibrinogen.57

Additional Investigations
Abdominal ultrasound
FAST is a useful aid for the detection of  intraperitoneal 
fluid in pregnant trauma patients with suspected intra-
abdominal injury. The sensitivity of  FAST in detecting 
intraperitoneal fluid in pregnant blunt trauma patients was 
83% in a study that reviewed 127 pregnant trauma patients.60 
This rate is similar to that in a previously published study 
of  non-pregnant trauma patients.61,62 FAST is an easy and 
rapid modality that has the added advantage of  avoiding 
fetal exposure to ionizing radiation, it should therefore 
be part of  the secondary survey in pregnant patients with 
major trauma.

Peritoneal lavage and laparotomy
DPL is a very rapid and sensitive test with sensitivity of  
96% to 100% for detection of  traumatic intra-abdominal 
injury.63 The main disadvantages of  this low cost, easily 
interpretable test are that it does not provide information 
about specific organ damage, and abdominal injuries 
that can be managed conservatively following CT would 
require operative intervention based upon DPL. For these 
reasons, CT is the most widely used screening modality 
for blunt abdominal trauma. CT identifies specific organ 
injury, evaluates the retroperitoneum as well and is less 
invasive than DPL. Concerns over fetal exposure to 
radiation during pregnancy may lead to a more frequent 
use of  DPL. The open lavage technique is preferable over 
a blind needle insertion in the pregnant patient in order 
to minimize uterine injury.64 When significant abdominal 
blood is detected, an exploratory laparotomy with a 
midline incision should be performed.

Recommendations
15.  Radiographic studies indicated for maternal 

evaluation including abdominal computed 
tomography should not be deferred or delayed  
due to concerns regarding fetal exposure to 
radiation. (II-2B)

16.  Use of  gadolinium-based contrast agents can 
be considered when maternal benefit outweighs 
potential fetal risks. (III-C)

17.  In addition to the routine blood tests, a pregnant 
trauma patient should have a coagulation panel 
including fibrinogen. (III-C)



JUNE JOGC JUIN 2015  l  561

SOGC ClINICAl PRACTICE GUIDElINE Guidelines for the Management of a Pregnant Trauma Patient

18.  Focused abdominal sonography for trauma should 
be considered for detection of  intraperitoneal 
bleeding in pregnant trauma patients. (II-3B)

19.  Abdominal computed tomography may be 
considered as an alternative to diagnostic peritoneal 
lavage or open lavage when intra-abdominal 
bleeding is suspected. (III-C)

FETAl ASSESSMENT

Assessment of  a viable fetus (≥ 23 weeks gestational age) 
should be initiated immediately following, or in parallel 
with the physical examination of  the stabilized mother 
since it has been shown that most placental abruptions 
occur shortly after the insult.33 The objectives are:
 • identification of  impending hypoxemic fetal injury 

or death as a result of  uteroplacental compromise or 
placental abruption,

 • detection of  trauma-related complications of  
pregnancy such as placental abruption, preterm 
delivery and spontaneous rupture of  the membranes,

 • evaluation of  the degree of  maternal–fetal hemorrhage 
and resultant fetal anemia,

 • delineation of  fetal injuries, and
 • identification of  compensated maternal hypovolemia 

first manifested by decreased placental perfusion.

Knowledge of  the estimated gestational age is essential 
for appropriate interpretation of  tests for fetal viability 
and well-being. Along with clinical examination of  fundal 
height and palpation for uterine contractions and tone, 
in absence of  certainty regarding the gestational age, an 
ultrasound examination should be undertaken. Electronic 
monitoring of  the fetal heart rate should be initiated on 
viable fetuses (≥ 23 weeks) as soon as possible. With 
a confirmed pre-viable fetus, it may be sufficient to 
demonstrate the presence of  fetal cardiac activity.

Monitoring of Fetal Heart Rate and Uterine Activity
EFM allows assessment of  fetal well-being and uterine 
activity, with abnormality of  either being predictive of  
potential obstetrical complications such as placental 
abruption, fetal hypoxic injury or fetal death. Rothenberger 
et al reported fetal loss in 61% of  cases with major 
maternal injuries and 27% with minor injuries, with no 
effect on pregnancy outcome following insignificant 
maternal injuries.39 Hospital-based studies have suggested 
a 5% to 19% risk of  fetal death as opposed to a 1.3% risk 
in population-based studies. This difference may result 
from the fact that more serious injuries are more likely 
to be assessed in a hospital.8,65–67 Fetal death may be an 

expected consequence of  maternal death.33,38 However, a 
high Injury Severity Score, serious abdominal injury and 
hemorrhagic shock all increase the risk of  fetal loss.33,38 
Maternal trauma resulting in hypovolemic shock can 
reduce uterine perfusion, a direct function of  systemic 
blood pressure.68 This can be further compounded by 
visceral vasoconstriction. Placental abruption can further 
reduce transplacental oxygenation. A combination 
of  these factors can lead to fetal hypoxemic injury. 
Compromised fetal perfusion and oxygenation usually 
presents with abnormalities in the fetal heart rate pattern. 
An abnormality in the fetal heart rate pattern may also be 
the first sign of  maternal hemodynamic compromise.67

Occasional uterine contractions are the most common 
finding with trauma during pregnancy, occurring in 
40% of  cases,69 and resolving in 90% of  cases with no 
adverse fetal outcome.70 The intensity and frequency 
of  contractions are predictive of  complications such 
as traumatic placental abruption and preterm labour. 
Elevated basal uterine tone also raises the suspicions for 
placental abruption.

Abnormal EFM tracings following trauma are not 
reliable in predicting adverse obstetrical outcome 
(sensitivity of  62% and specificity of  49%).69,71 However, 
the combination of  a normal tracing and physical 
examination has a negative predictive value of  100% in 
excluding major adverse fetal outcome.33,69,72 Atypical or 
abnormal fetal heart rate patterns such as decelerations, 
bradycardia, tachycardia or loss of  variability mandate 
further testing, in utero resuscitation with supplemental 
oxygen, IV fluids and left lateral decubitus positioning 
or delivery, depending on the severity of  the abnormal 
pattern, the presumed cause and gestational age. About 
2.4% to 7.2% of  maternal trauma patients require a 
Caesarean delivery shortly after trauma.34,38 Need for a 
Caesarean section shortly after trauma is also a risk factor 
for maternal death.34

The duration of  fetal monitoring following maternal 
trauma remains disputed. For many years it has been 
suggested that fetal monitoring should continue for at 
least 24 hours following the insult33,64,73,74 and some even 
suggested a 48-hour period of  close fetal monitoring.75 
In a prospective study of  pregnant trauma patients 
that had EFM for a minimum of  4 hours, the majority 
demonstrated uterine activity during that period.70 
Contractions then abated in most patients. Patients were 
discharged home if  contractions ceased or were less 
frequent than once every 15 minutes. These patients 
had pregnancy outcomes similar to that in an uninjured 
control group. The sensitivity of  predicting placental 
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abruption by the frequency of  uterine activity in the first 
4 hours after trauma was 100%. The study suggested 
that 4 hours of  monitoring was a sensitive method of  
predicting immediate post-traumatic adverse obstetrical 
outcomes. Another retrospective study of  271 pregnant 
patients, suggested monitoring for at least 24 hours 
only for a selected group of  patients at high risk for 
fetal demise, preterm labour, and placental abruption.76 
This high risk group consisted of  patients involved in 
motorcycle, pedestrian or high velocity collisions, those 
ejected from motor vehicles and patients demonstrating 
maternal tachycardia, abnormal fetal heart rate pattern, 
and high injury severity scores. In a study of  317 patients 
with minor trauma (48% with falls), 14% had frequent 
contractions requiring observation for 24 hours.77 
Delivery information was available in 80%. Only one case 
of  placental abruption occurred, remote from the trauma. 
There were no other trauma-related adverse events.

We suggest hospitalization and intermittent fetal heart 
rate and uterine activity monitoring by EFM for 24 hours 
for patients with
 • uterine tenderness,
 • significant abdominal pain,
 • vaginal bleeding,
 • a contraction frequency of  more than once per 10 

minutes during a monitoring period of  4 hours,
 • rupture of  the membranes,
 • atypical or abnormal fetal heart rate pattern (fetal 

tachycardia, bradycardia or decelerations),
 • high risk mechanism of  injury (motorcycle, pedestrian, 

high speed crash), or
 • serum fibrinogen < 200 mg/dL
 • Monitoring for 4 hours is sufficient to rule out major 

trauma-related complications in low risk patients 
without the above mentioned risk factors.69,72,78

Prevention of Rh Alloimmunization and  
Evaluation of Maternal-fetal Hemorrhage
Traumatic placental injury can result in MFH. MFH occurs 
in 10% to 30% of  pregnant trauma patients.79 Massive 
MFH is a rare complication of  trauma and is usually 
clinically evident, with fetal demise, abnormal fetal heart 
rate pattern (bradycardia or recurrent decelerations), or 
abrupt fetal anemia and cardiac failure. The vast majority of  
post-traumatic transplacental hemorrhages are smaller and 
subclinical. The quantification of  the amount of  fetal blood 
cells in the maternal circulation enables the obstetric care 
provider to roughly estimate the degree of  transplacental 
hemorrhage. This may be important in prevention of  Rh 

alloimmunization in Rh-negative mothers. It has also been 
suggested that a larger MFH may be predictive of  other 
adverse obstetrical outcomes.80

The Rh antigen is well developed by 6 weeks gestation81 and 
as little as 0.001 mL of  fetal blood can cause sensitization 
of  the Rh-negative mother. Even minor trauma in 
pregnancy may cause sensitizing MFH. Several studies 
have demonstrated reduced Rh alloimmunization after 
routine administration of  anti-D immune globulin G (IgG) 
to Rh-negative mothers.81–83 Therefore, anti-D IgG should 
be given to all Rh-negative pregnant trauma patients.84 A 
single dose of  300 mg, administered within 72 hours of  
injury, provides protection against sensitization for up 
to 30 mL of  fetal blood in the maternal circulation.84–86 
The feto-placental blood volume is estimated to be  
120 mL/kg of  fetal weight. In most cases of  traumatic 
maternal–fetal hemorrhage, the estimated volume of  
fetal blood in the maternal circulation is less than 15 mL 
and in more than 90% of  cases it is less than 30 mL.70,78 
Therefore, the vast majority of  Rh-negative patients are 
protected by one ampule.

The KB test has been used to quantify MFH, so that Rh-
negative women could receive appropriate Rh immune 
prophylaxis. If  the KB test indicates transplacental 
hemorrhage in excess of  30 mL fetal blood, additional 
doses of  anti-D IgG may be required. According to 
the SOGC recommendations for prevention of  Rh 
alloimmunization,84 KB test may be considered following 
events potentially associated with placental trauma and 
disruption of  the maternal–fetal interface (e.g., placental 
abruption, blunt trauma to the abdomen).

A novel approach for detecting MFH, using flow cytometry 
as a simpler, more objective, and more precise alternative 
to the KB method has been advocated.87,88 Another study 
has shown that both manual KB test and flow cytometry 
have good sensitivity in detecting and quantifying fetal red 
cells.89 Taking into consideration that flow cytometry is not 
available in most medical facilities and its added value is 
still being investigated, we cannot recommend its routine 
use at this time.

The universal use of  KB testing for all pregnant 
trauma patients, regardless of  their Rh status had been 
advocated by some,80,90 hypothesizing that the magnitude 
of  MFH reflects severity of  injury and therefore would 
be predictive of  trauma-related obstetrical complication 
such as preterm labour. In one study of  maternal 
trauma, of  the 46 patients with a positive KB test, 44 
had contractions (of  which 25 had preterm labour), 
and of  the 25 patients with a negative KB test, none 
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had contractions or preterm labour.80 No information 
was available in this study regarding the incidence of  
preterm delivery. The authors concluded that KB test 
accurately predicted the risk of  preterm labour, and 
clinical examination did not. However, it can be argued 
that since all women with contractions had a positive 
test, and those without contractions did not, presence of  
uterine contractions can be used as a surrogate marker 
for occurrence of  MFH. Therefore the utility of  KB test 
in rhesus-positive women is not clear. Another review 
suggested that KB test should be performed in all maternal 
trauma cases, although the basis for this recommendation 
for rhesus-positive women was not apparent.90 Others 
have suggested the KB test is only useful in Rh-negative 
women.69,91 A study comparing incidence of  a positive 
KB test in women with history of  trauma and that in 
a low risk population found no significant difference 
(2.6% vs. 5.1%, respectively).92 Based on the evidence, 
we suggest that KB testing should be done in all rhesus-
negative pregnant trauma patients. Though EFM is more 
likely to be clinically useful in rhesus-positive women, KB 
test can be considered as an optional test to determine the 
need for prolonged monitoring. Given the high incidence 
of  a false-positive KB test, in rhesus-positive women, 
assessment of  MFH by flow cytometry could be a useful 
adjunct in differentiating true positive KB tests from the 
false-positive ones.

The Role of Ultrasound
Ultrasonography is a rapid, non-invasive, valuable tool in 
the assessment of  pregnant trauma patients and it does 
not require transport of  the patient from the trauma unit. 
An obstetrical ultrasound scan should be done urgently 
in cases where the gestational age cannot be determined 
with certainty and need for delivery is anticipated based 
on an atypical or abnormal fetal heart rate pattern or 
suspicion of  placental abruption. However, it is not 
sensitive in diagnosing placental abruption.70,72 Between 
50% and 80% of  traumatic abruptions will be missed and 
those detected by sonography are usually the clinically 
apparent ones, which pose no diagnostic challenge.70,78 
The role of  the biophysical profile in predicting adverse 
obstetrical outcome following trauma is yet to be studied.93 
However, in the setting of  trauma, EFM is a more 
sensitive tool not only to rule out a placental abruption 
but also for assessment of  fetal well-being as compared to 
ultrasound.70,74,78 Nevertheless, ultrasound is an important 
adjunctive to the physical examination and fetal assessment 
tests. Ultrasonography may assist in:
 • determination of  gestational age
 • demonstration of  fetal cardiac rate and rhythm

 • placental localization and exclusion of  placenta previa
 • assessment of  amniotic fluid volume
 • cervical length assessment
 • fetal well-being (biophysical profile)
 • detection of  fetal anemia by peak systolic flow velocity 

in the middle cerebral artery
 • delineation of  possible fetal injury, and
 • confirmation of  fetal demise.

Therefore, an obstetrical ultrasound examination is 
recommended in all cases of  significant maternal trauma 
that are admitted for monitoring for more than 4 hours. 
However, ultrasound should only be used to complement 
EFM, the latter being more sensitive in predicting adverse 
outcomes such as placental abruption or fetal hypoxic 
injury.69–72 In cases where severe MFH occurred, generally 
there is no time for diagnostic tests such as KB test or 
middle cerebral artery Doppler. Fetal heart tracing is 
usually abnormal, and prompt delivery is recommended. 
Ultrasound needs to be done on an urgent basis only in 
cases where fetal viability is in question, in all other cases, it 
can be undertaken as a non-urgent follow-up examination 
prior to discharge of  the patient from the hospital. A 
reassuring biophysical profile should never be used as a 
surrogate for EFM. After discharge from hospital, a follow-
up obstetric ultrasound examination in 2 weeks should be 
considered for all patients who needed hospital admission 
for maternal or fetal factors (regardless of  gestational age), 
this is to document normalcy after the traumatic event, 
especially of  fetal intracranial anatomy and to assess fetal 
growth in the interval.94

Recommendations
20.  All pregnant trauma patients with a viable 

pregnancy (≥ 23 weeks) should undergo electronic 
fetal monitoring for at least 4 hours. (II-3B)

21.  Pregnant trauma patients (≥ 23 weeks) with 
adverse factors including uterine tenderness, 
significant abdominal pain, vaginal bleeding, 
sustained contractions (> 1/10 min), rupture of  the 
membranes, atypical or abnormal fetal heart rate 
pattern, high risk mechanism of  injury, or serum 
fibrinogen < 200 mg/dL should be admitted for 
observation for 24 hours. (III-B)

22.  Anti-D immunoglobulin should be given to all 
rhesus D-negative pregnant trauma patients. (III-B)

23.  In Rh-negative pregnant trauma patients, 
quantification of  maternal–fetal hemorrhage by 
tests such as Kleihauer-Betke should be done to 
determine the need for additional doses of  anti-D 
immunoglobulin. (III-B)
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24.  An urgent obstetrical ultrasound scan should be 
undertaken when the gestational age is undetermined 
and need for delivery is anticipated. (III-C)

25.  All pregnant trauma patients with a viable 
pregnancy who are admitted for fetal monitoring 
for greater than 4 hours should have an obstetrical 
ultrasound prior to discharge from hospital. (III-C)

26.  It is important to have careful documentation 
of  fetal well-being in cases involving violence, 
especially for legal purposes. (III-C)

OBSTETRICAl COMPlICATIONS OF TRAUMA

Placental Abruption
Abruption of  the placenta is a major complication of  
maternal trauma, occurring in 5-50% of  cases, depending 
on the severity of  injury.70,78 It is the most common cause 
of  fetal death in cases of  blunt trauma. Resulting from the 
difference in physical properties of  the relatively inelastic 
placental tissue versus the elastic myometrium, significant 
abruption of  the highly vascular uteroplacental interface 
can mediate rapid maternal and in some cases fetal 
exsanguination. Most abruptions occur within 2 to 6 hours 
after the injury, and almost all of  them with 24 hours of  
injury.33,95 Abruption may follow even minor trauma and 
requires high index of  suspicion to detect. The diagnosis 
of  abruption is based on clinical impression, laboratory 
tests and fetal evaluation. Typical findings include 
abdominal pain, uterine tenderness, uterine contractions 
or hypertonicity, vaginal bleeding, preterm labour, or an 
atypical or abnormal EFM tracing. Specific sonographic 
findings are uncommon; retroplacental hematoma is 
seen in 2% to 25% of  abruptions. Treatment should 
never be delayed for ultrasound confirmation because 
ultrasonography is not reliable in diagnosing placental 
abruption. In a study of  149 women with vaginal bleeding, 
the sensitivity, specificity, and positive and negative 
predictive values of  sonography in diagnosing placental 
abruption were 24%, 96%, 88%, and 53%, respectively.96 
Some have suggested that traumatic abruption tends to 
be occult without uterine tenderness or vaginal bleeding 
but with a higher incidence of  coagulopathy.97 Abruption, 
occult or concealed, may lead to major maternal bleeding 
and consumption coagulopathy with thrombocytopenia, 
prolonged coagulation tests and hypofibrinogenemia.57

Although severe placental abruption can be lethal to the 
fetus, a timely and prompt Caesarean section may result 
in considerable survival rates of  up to 75%.34,98 Delay in 
recognition of  non-reassuring fetal status, in such cases, 
was accountable for 60% of  potentially preventable 
perinatal deaths. In cases of  a non-viable fetus, vaginal 

birth is preferable. Although placental abruption, 
particularly with greater than 50% placental separation, 
increases the risk of  fetal death, it more often results in 
preterm labour. Placental abruption is often associated 
with a rapid cervical dilation and delivery, induction or 
augmentation of  labour with a trial of  vaginal birth may 
be reasonable in a hemodynamically stable mother at or 
near term with a normal fetal heart rate pattern. However, 
in the presence of  fetal or maternal compromise, prompt 
delivery by Caesarean is often indicated. Maternal bleeding 
and coagulation abnormalities should be aggressively 
treated to optimize maternal and fetal outcome. Abruption 
remote from term is challenging to manage. Deterioration 
in fetal condition or maternal hemodynamic instability is 
indications for immediate delivery, even at the expense of  
prematurity.95

Uterine Rupture
Post-trauma uterine rupture is rare (0.6% of  all maternal 
injuries), but seen more frequently with a scarred uterus 
or with direct abdominal impact during the latter half  
of  pregnancy.74 Most (75%) uterine ruptures involve 
the fundal area. The degree of  rupture may vary from 
complete avulsion of  the uterus to serosal hemorrhage 
and abrasions. Symptoms and signs suggestive of  
uterine rupture include: maternal shock, abdominal 
distension, irregular uterine contour, palpable fetal parts, 
sudden abnormal fetal heart rate pattern, ascent of  fetal 
presenting part and peritoneal irritation (abdominal 
rigidity, guarding and tenderness). Maternal mortality has 
been described with traumatic uterine rupture and fetal 
mortality is almost universal. It is the cause of  MVC-
related perinatal death in 17.5% of  the cases.8 Suspected 
uterine rupture with maternal and/or fetal comprise 
should prompt urgent laparotomy to control bleeding 
and facilitate resuscitation.

Preterm labour
Traumatic injury during pregnancy can result in preterm 
labour through several mechanisms. Placental abruption 
may culminate in preterm labour in 20% of  cases.99 The 
extravasation of  blood at the placental margin may lead 
to decidual necrosis, which, in turn, could initiate the 
production of  prostaglandin, thereby leading to preterm 
labour.99 Traumatic injury to the uterus may also result in 
destabilization of  lysosomal enzymes which can initiate 
prostaglandin production.68 Preterm premature rupture 
of  membranes is also associated with preterm labour. 
Regardless of  the mechanism, trauma (even with minor 
injuries) is associated with a 2-fold higher risk of  preterm 
delivery.100 The risk is higher with increasing injury severity 
and among those injured early in gestation.100 Signs of  
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preterm labour should be sought in every patient with a 
viable fetus. EFM should be used to assess regularity and 
frequency of  contractions. When regular contractions 
are noted, the fetal fibronectin test or cervical length 
assessment to determine the risk for preterm labour 
should be considered. Rupture of  the membranes, when 
suspected, should be ruled out by a speculum examination 
including assessment with nitrazine paper and the ferning 
test. If  risk of  preterm delivery is high because of  preterm 
labour or preterm premature rupture of  membranes, 
steroids (and any other indicated medications such as 
antibiotics and magnesium sulfate), transfer to a tertiary 
care centre, and neonatology consultation should be 
considered based on gestational age and current location 
of  the patient. In many cases, iatrogenic preterm delivery 
may be indicated to improve fetal or maternal outcome.

Direct Fetal Injury
Direct fetal injury is seen in less than 1% of  blunt maternal 
trauma.101 Maternal soft tissues, uterus, and amniotic fluid 
serve to diminish the force delivered to the fetus. Direct 
fetal injury from blunt abdominal trauma often involves 
the fetal skull and brain. One possible mechanism involves 
fracture of  the maternal pelvis in late gestation with an 
engaged fetal head resulting in fetal skull fracture.102 A 
deceleration injury of  an unengaged head can also occur.103 
Fetal injuries in other modes of  maternal trauma are 
considered in the section below.

Recommendation
27.  Management of  suspected placental abruption 

should not be delayed pending confirmation by 
ultrasonography; ultrasound is not a sensitive tool 
for its diagnosis. (II-3B)

ADDITIONAl CONSIDERATIONS REGARDING 
SPECIFIC TRAUMATIC INJURIES

Penetrating Trauma
Penetrating trauma during pregnancy is becoming more 
common. Penetrating abdominal injuries are caused 
primarily by gunshot or stab wounds. As in non-pregnant 
individuals, stab wounds tend to have a better prognosis 
than gunshot wounds. The maternal bowel is less likely 
to be involved with penetrating injuries after the second 
trimester due to the protection provided by the large uterus. 
The incidence of  maternal visceral injury with penetrating 
abdominal trauma is only 15% to 40% compared with 80% 
to 90% in non-pregnant women.35 Although the visceral 
organs are displaced upwards and are less likely to be 
injured, upper abdominal stab wounds can result in more 
complex bowel injury. Thoraco-abdominal penetrating 
injuries, below the fourth intercostal space anteriorly, or the 

tip of  the scapula posteriorly, may cause visceral injuries 
that are easily missed. At the same time that the gravid, 
abdominal uterus provides protection to the abdominal 
viscera, it is susceptible, along with the fetus, to direct injury. 
According to Buchsbaum, the uterine musculature absorbs 
a great amount of  the projectile’s velocity and diminishes 
its ability to damage the viscera.29 Therefore, depending 
on the gestational age and the size of  the uterus, the fetus 
is much more likely than the mother to sustain significant 
injury (and to die) after a penetrating abdominal trauma. In 
general, the fetus sustains injury in 60% to 70% of  cases, 
while visceral maternal injuries are seen only in 20% of  
penetrating abdominal trauma.

Gunshot wounds produce transient shock waves and 
cavitations in displacement of  kinetic energy to body 
tissue, causing more damage and thus higher mortality 
for both mother and fetus than low-velocity injuries: 
70% of  abdominal gunshot wounds result in fetal injury, 
and 40% to 65% of  these fetuses die.104 Fetal mortality 
generally results from premature delivery, maternal shock, 
uteroplacental injury, or direct fetal injury.105 A study 
of  321 pregnant trauma patients showed that 9% had 
penetrating trauma, of  which 73% were gunshot wounds.4 
The risk of  maternal death was not significantly higher 
with penetrating trauma than with blunt trauma (7% vs. 
2%); however, fetal mortality was significantly higher (75% 
vs. 10%) with penetrating trauma.

Penetrating injuries in pregnant trauma patients are 
managed in essentially the same way as in non-pregnant 
patients. The standard of  care is to prioritize the emergent 
treatment of  the gravid patient above that of  her fetus. 
The hemodynamically stable patient should be assessed 
by non-invasive diagnostic methods such as ultrasound 
and triple contrast CT scan. The same indications for 
surgical exploration apply as in the non-pregnant patient 
(positive findings on lavage, free air under the diaphragm 
before lavage, progressive abdominal distention with 
a declining hematocrit, or abdominal wall disruption 
or perforation). In cases of  exploration, the decision 
to proceed with Caesarean section should be weighed 
against the likelihood for fetal survival and long-term 
complications of  prematurity and should be made in 
consultation with the trauma surgeon, neonatologist, and 
pediatric surgeon. Factors that can influence the decision 
to proceed with Caesarean section are gestational age, 
extent and severity of  fetal injury, degree of  uteroplacental 
compromise, parameters of  fetal well-being, and the 
need for hysterectomy with extensive uterine injury. 
A dead or injured fetus is not considered an indication 
for exploration, as the fetus will usually spontaneously 
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abort or can be delivered vaginally. Tetanus vaccination 
is safe in pregnancy and should be given, when indicated, 
according to the usual protocol.106,107

Domestic or Intimate Partner Violence
The incidence of  domestic or intimate partner violence 
increases during pregnancy and is clustered in the third 
trimester.6,108 Domestic violence was reported by 6.6% 
of  pregnant women in Ontario.108 The most commonly 
struck body area was the abdomen (64%), a risk factor 
for both maternal and fetal adverse outcome. Other 
studies have reported an even higher incidence of  abuse 
during pregnancy (10–30%), with 5% resulting in fetal 
death.109,110 Every woman who sustains trauma, particularly 
penetrating abdominal trauma, should be questioned 
specifically about domestic violence. Careful, detailed, 
and contemporaneous documentation is essential. Such 
inquiry should occur in the absence of  the partner.

Motor Vehicle Collision
In the pregnant population, MVC is the leading cause 
of  maternal death, and after placental abruption, 
maternal death is the leading cause of  fetal death.111,112 
Of  351 maternal deaths from non-obstetric causes in 
a trauma centre registry, 72% resulted from MVC.113 
Documentation of  the nature of  the injury and of  
maternal and fetal status is important for reasons that 
include evaluating whether any subsequent adverse 
outcome should be attributed to the MVC.

The outcome of  MVC can range from no trauma at all 
to severe multi-organ damage and death. The outcome 
is related to various factors including the mechanism of  
the collision itself, the acceleration-deceleration velocities 
of  the vehicles involved, and the use of  protective 
mechanisms, such as seat belts, air bags, and other safety 
features. Wearing a seat belt in a motor vehicle during 
pregnancy is useful and effective in reducing the risk 
of  adverse pregnancy outcomes including maternal 
death.113,114 Crosby and Costiloe reported a reduction in 
the maternal death rate from 33% to 5% with the use 
of  a two-point seatbelt, and that finding was reproduced 
by a more recent study.112,115 During prenatal visits, the 
caregiver should emphasize the importance of  wearing a 
properly adjusted and positioned seatbelt at all times and 
refute any misconception about the use of  seatbelts during 
pregnancy.116 Ejection from the vehicle increases the risk 
to both the woman and the fetus. The lap belt should be 
positioned below the abdomen and not over the uterus. 
The shoulder belt should be placed between the breasts. 
The belt should be comfortable, but not tight. Air bags 
are a relatively newer modality in preventing and reducing 
injuries in MVC. In a simulated study, a combination of  

seatbelts and air bag was the most beneficial, and could 
be lifesaving in severe MVC.117 Deployment of  airbags 
has been associated with adverse events such as uterine 
rupture, placental abruption, and fetal death that were 
attributed to the air bags.113,118,119 However, this is more 
likely a reflection of  the severity of  traumatic force rather 
than a causal association. At this point there are not 
enough data to make a recommendation about disabling 
air bags during pregnancy. Furthermore, when the risk 
of  fetal death or injury is balanced against risks to the 
mother, the latter should take precedence, recognizing 
the fact that fetal well-being is dependent on maternal 
well-being.

Although organ damage, fractures, and hemorrhage can 
occur in MVC, the most common mechanism of  injury 
is blunt trauma, which can cause both maternal and fetal 
morbidity and mortality. The mechanism of  trauma often 
involves the uterus. A force applied to the uterus can 
deform the shape of  the uterus due to its elasticity, but 
can have a smaller deforming effect on the less elastic 
placenta. This can result in a shearing force that may 
separate the attached placenta from the uterus. Abrupt 
changes in amniotic fluid pressure may further contribute 
to placental separation. The end result of  this kind of  
mechanism is placental abruption. One report suggested 
that up to 37% of  life-threatening maternal injuries after 
MVC are complicated by abruption, whereas in non–
life-threatening injuries, the incidence of  abruption was 
only 1.6%.120 Uterine contractions may also result from 
blunt trauma and lead to preterm labour. Relatively 
minor injuries may be associated with a grave pregnancy 
outcome.121 Maternal–fetal hemorrhage may be a serious 
complication of  blunt trauma. Exsanguination into 
maternal circulation can occasionally culminate in fetal 
demise. Direct fetal intracranial injury is another, albeit 
uncommon, mechanism of  fetal injury.122 This type of  
injury may be attributed to a direct trauma to the fetal 
head but may also result from a massive maternal–fetal 
hemorrhage and significant fetal hypotension with 
subsequent hypoxic-ischemic intracranial injury.

Falls
Falls are the cause in 3% to 31% of  cases of  maternal 
trauma.69,123 Less than 10% of  falls are associated with 
significant maternal or fetal complications.124 They are 
more common in the latter half  of  pregnancy, particularly 
after 32 weeks.69,74 The increase in lumbar lordosis that is 
seen in pregnancy moves the centre of  gravity forward 
and contributes to an increased incidence of  falls.123 
Therefore, aggressive high-impact activity should be 
avoided in advanced pregnancy. Complications associated 
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with falls include preterm labour, placental abruption, 
uterine rupture, fetal growth restriction, and fetal death.123

Electrical Trauma
Electrical shock is the fifth leading cause of  fatal 
occupational injuries in the United States and most 
commonly result from failure to ground appliances 
properly or from using electrical devices while wet.125 
The literature on maternal electrical trauma is scarce and 
possibly misleading due to publication bias stemming 
from the tendency to report adverse outcomes rather 
than uneventful insults. Nevertheless, several case series 
have emphasized poor fetal outcome of  electrical trauma. 
Fatovich reviewed the literature and found 15 cases 
of  maternal electric shock with a fetal mortality rate of  
73% and only 1 normal pregnancy outcome.126 The 
Motherisk Program published a prospective cohort study 
of  31 pregnant women with electric shock who sought 
experts’ advice via telephone127; 28 of  those women 
delivered healthy newborns. One spontaneous abortion 
was temporally related to the insult, another was probably 
unrelated to the injury, and a third baby was born with 
a ventricular septal defect. Mean birth weight, gestational 
age at delivery, rates of  Caesarean section, and incidence of  
neonatal distress were similar between electric shock and 
control groups.127 Several risk factors for adverse perinatal 
outcome were identified. The magnitude of  the current 
obviously has an impact on outcome. The pathway of  the 
current in the body, from entrance to exit points, is of  
utmost importance. A current that travels from the hand 
to the foot will probably go through the uterus, stimulating 
myometrial contractions, which may culminate in preterm 
labour.127 Electrical current that traverses the amniotic 
fluid (an excellent conductor) may lead to spontaneous 
abortion, fetal demise, or fetal burns.128 Other risk factors 
include maternal body weight, blunt trauma following the 
electrical insult, and being wet.

Maternal and fetal assessment is warranted in cases of  
electrical injury during pregnancy.129 Electrocardiography, 
urine tests for major muscle injury, X-ray imaging, and 
sometimes CT are all part of  the initial evaluation of  the 
mother. With a viable fetus, EFM is recommended for 24 
hours if  the injury involved loss of  consciousness, abnormal 
maternal ECG, or known maternal cardiovascular illness. 
In most other cases, and especially if  the insult involved 
low voltage, immediate fetal effects are unlikely.

Summary Statement
At this time, there is insufficient evidence to  
support the practice of  disabling air bags for pregnant 
women. (III)

Recommendations
28.  Tetanus vaccination is safe in pregnancy and should 

be given when indicated. (II-3B)
29.  Every woman who sustains trauma should be 

questioned specifically about domestic or intimate 
partner violence. (II-3B)

30.  During prenatal visits, the caregiver should 
emphasize the importance of  wearing seatbelts 
properly at all times. (II-2B)

PERIMORTEM CAESAREAN SECTION

The concept of  performing Caesarean section concurrent 
with maternal resuscitation was introduced in 1986 
when it was recommended that the procedure should be 
done no later than 4 minutes following maternal cardiac 
arrest.130,131 The rationale for the recommendation was 
improved efficacy of  maternal chest compression after 
delivery by alleviating the aortocaval compression exerted 
by the gravid uterus and allowing adequate venous return. 
Neurologic injury in the mother begins 6 minutes after 
cessation of  cerebral blood flow; to obtain cardiac 
return by 5 minutes and avoid neurological damage the 
Caesarean section should be started 4 minutes after the 
maternal pulse ceases.24,41,132 A perimortem Caesarean 
section is recommended for viable pregnancies (≥ 23 
weeks, or fundal height 2 or more fingerbreadths 
above the umbilicus).132 In these cases, not only is the 
uterus large enough to cause significant aortocaval 
compression (its emptying therefore allowing improved 
maternal cardiac output), the baby is also mature enough 
that it may survive the event even if  the mother does 
not.132 Prolonged resuscitation is not recommended 
if  no pulse can be obtained, and the uterus should be 
emptied to increase the likelihood of  successful maternal 
resuscitation and a healthy infant. In many trauma cases, 
resuscitation will be futile because of  a fatal cause. In 
such cases, there is no reason to delay Caesarean section 
to save a viable fetus. It should be emphasized that many 
studies and case reports relate non-traumatic cardiac 
arrests in which the maternal resuscitation efforts were 
the major indication for delivery. Trauma patients with 
cardiac arrest are less likely to respond to resuscitation; in 
these cases, perimortem Caesarean is performed primarily 
for fetal salvage. Delivery of  a viable neonate is less likely 
when no maternal vital signs have been recorded for 15 
to 20 minutes.131,132 A multi-institutional retrospective 
cohort study showed that of  33 fetuses delivered by 
emergency Caesarean section in the setting of  maternal 
trauma, 13 had no fetal heart tones at the initiation of  
the Caesarean section and none survived. When no fetal 
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heart tones can be demonstrated at initial assessment 
of  a pregnant trauma patient after 23 weeks’ gestation, 
Caesarean section is likely to be futile in terms of  fetal 
survival.34

Recommendation
31.  A Caesarean section is recommended for viable 

pregnancies (≥ 23 weeks) no later than 4 minutes 
(when possible) following maternal cardiac  
arrest to aid with maternal resuscitation and fetal 
salvage. (III-B)

REFERENCES

1.  Kuhlmann RD, Cruikshank DP. Maternal trauma during pregnancy.  
Clin Obstet Gynecol 1994;37:274–93.

2.  Mendez-Figueroa H, Dahlke JD, Vrees RA, Rouse DJ. Trauma in 
pregnancy: an updated systematic review. Am J Obstet Gynecol 
2011;209:1–10.

3.  Weinber L, Steele RG, Pugh R, Higgins S, Herbert M, Story D.  
The pregnant trauma patient. Anaesth Intensive Care 2005;33:167–80.

4.  Petrone P, Talving P, Browder T, Teixeira PG, Fisher O, Lozornio A, et al. 
Abdominal injuries in pregnancy: a 155-month study at two level 1 trauma 
centers. Injury 2011;42:47–9.

5.  Lavery JP, Staten-McCormick M. Management of  moderate to severe 
trauma in pregnancy. Obstet Gynecol Clin North Am 1995;22:69–90.

6.  Poole GV, Martin JN Jr, Perry KG Jr, Griswold JA, Lambert CJ,  
Rhodes RS. Am J Obstet Gynecol 1996;174:1873–8.

7.  Health Canada. Special report on maternal mortality and severe morbidity 
in canada- enhanced surveillance: the path to prevention. Ottawa: Minister 
of  Public Works and Government Services Canada; 2004.

8.  Kvarnstrand L, Milsom I, Lekander T, Druid H, Jacobsson B. Maternal 
fatalities, fetal and neonatal deaths related to motor vehicle crashes during 
pregnancy: a national population-based study. Acta Obstet Gynecol Scand 
2008;87:946–52.

9.  John PR, Shiozawa A, Haut ER, Efron DT, Haider A, Cornwell EE 3rd, 
et al. An assessment of  the impact of  pregnancy on trauma mortality. 
Surgery 2011;149:94–8.

10.  Sela HY, Weiniger CF, Hersch M, Smueloff  A, Laufer N, Einav S.  
The pregnant motor vehicle accident casualty: adherence to basic workup 
and admission guidelines. Ann Surg 2011;254(2):346–52.

11.  Bochicchio GV, Napolitano LM, Haan J, Champion H, Scalea T. 
Incidental pregnancy in trauma patients. J Am Coll Surg 2001;192:566–9.

12.  Hirsh HL. Routine pregnancy testing: is it a standard of  care?  
South Med J 1980;73:1365–6.

13.  Suresh MS, Wali A. Failed intubation in obstetrics: airway management 
strategies. Anesthesiol Clin North Am 1998;16:477–98.

14.  McAuliffe F, Kametas N, Costello J, Rafferty GF, Greenough A, 
Nicolaides K. Respiratory function in singleton and twin pregnancy. 
BJOG 2002;109:765–9.

15.  Ramsay G, Paglia M, Bourjeily G. When the heart stops: a review of  
cardiac arrest in pregnancy. J Intensive Care Med 2013;28:204–14.

16.  Lockey DJ, Crewdson K, Lossius HM. Pre-hospital anaesthesia: the same 
but different. Br J Anaesth 2014;113:211–9.

17.  Johnson MD, Ostheimer GW. Airway management in obstetric patients. 
Sem Anesth 1992;1:1–12.

18.  Tsuei BJ. Assessment of  the pregnant trauma patient. Injury 
2006;37(5):367–73.

19.  American College of  Surgeons Committee on Trauma. Trauma in 
women. In: Advanced trauma life support for doctors: student course 
manual.  
8th edition. Chicago: American College of  Surgeons; 2008:259–68.

20.  Sperry JL, Minei JP, Frankel HL, West MA, Harbrecht BG, Moore EE,  
et al. Early use of  vasopressors after injury: caution before constriction.  
J Trauma 2008;64:9–14.

21.  Atta E, Gardner M. Cardiopulmonary resuscitation in pregnancy. Obstet 
Gynecol Clin North Am 2007;34:585–97.

22.  Pearlman M, Faro S. Obstetric septic shock: a pathophysiologic basis for 
management. Clin Obstet Gynecol 1990;33:482–92.

23.  Bamber JH, Dresner M. Aortocaval compression in pregnancy: the effect 
of  changing the degree and direction of  lateral tilt on maternal cardiac 
output. Anesth Analg 2003;97:256–8.

24.  Hui D, Morrison LJ, Windrim R, Lausman AY, Hawryluck L, Dorian P,  
et al. The American Heart Association 2010 guidelines for the 
management of  cardiac arrest in pregnancy: consensus recommendations 
on implementation strategies. J Obstet Gynaecol Can 2011;33:858–63.

25.  Wang YC, Chen CH, Su HY, Yu MH. The impact of  maternal 
cardioversion on fetal haemodynamics. Eur J Obstet Gynecol Reprod 
Biol 2006;126:268–9.

26.  Davis SM. Antishock trousers: a collective review. J Emerg Med 
1986;4:145–55.

27.  Van Camp LA, Delooz HH. Current trauma scoring systems and their 
applications. Eur J Emerg Med 1998;5:341–53.

28.  Lapinsky SE, Kruczynski K, Seaward GR, Farine D, Grossman RF. 
Critical care management of  the obstetric patient. Can J Anaesth 
1997;44:325–9.

29.  Buchsbaum HJ. Accidental injury, complicating pregnancy. Am J Obstet 
Gynecol 1968;102:752–69.

30.  Bullard MJ, Unger B, Spence J, Grafstein E; CTAS Working Group. 
Revisions to the Canadian emergency department triage and acuity. CJEM 
2008;10:136–42.

31.  Norwitz ER, Robinson JN. Pregnancy-induced physiologic alterations.  
In: Belfort MA, Saade GR, Foley MR, Phelan JP, Dildy GA, eds.  
Critical care obstetrics. 5th ed. Malden, MA: Wiley-Blackwell;  
2010:30–52.

32.  Scorpio RJ, Esposito TJ, Smith LG, Gens DR. Blunt trauma during 
pregnancy: factors affecting fetal outcome. J Trauma 1992;32:213–6.

33.  Shah KH, Simons RK, Holbrook T, Fortlage D, Winchell RJ, Hoyt DB.  
Trauma in pregnancy: maternal and fetal outcomes. J Trauma 
1998;45:83–6.

34.  Morris JA Jr, Rosenbower TJ, Jurkovich GJ, Hoyt DB, Harviel JD, 
Knudson MM, et al. Infant survival after cesarean section for trauma.  
Ann Surg 1996;223:481–91.

35.  Stone IK. Trauma in the obstetric patient. Obstet Gynecol Clin North 
Am 1999;26:459–67.

36.  Vivian-Taylor J, Roberts CL, Chen JS, Ford JB. Motor vehicle accidents 
during pregnancy: a population-based study. BJOG 2012;119:499–503.

37.  Epstein FB. Acute abdominal pain in pregnancy. Emerg Med Clin North 
Am 1994;12:151–65.

38.  Rogers FB, Rozycki GS, Osler TM, Shackford SR, Jalbert J, Kirton O, 
et al. A multi-institutional study of  factors associated with fetal death in 
injured pregnant patients. Arch Surg 1999;134(11):1274–7.

39.  Rothenberger D, Quattlebaum FW, Perry JF Jr, Zabel J, Fischer RP. Blunt 
maternal trauma: a review of  103 cases. J Trauma 1978;18:173–9.



JUNE JOGC JUIN 2015  l  569

SOGC ClINICAl PRACTICE GUIDElINE Guidelines for the Management of a Pregnant Trauma Patient

40.  Puri A, Khadem P, Ahmed S, Yadav P, Al-Dulaimy K. Imaging of  
trauma in a pregnant patient. Semin Ultrasound CT MR 2012;33:37–45.

41.  Vaizey CJ, Jacobson MJ, Cross FW. Trauma in pregnancy. Br J Surg 
1994;81:1406–15.

42.  Brent RL. The effect of  embryonic and fetal exposure to x-ray, 
microwaves, and ultrasound: counseling the pregnant and nonpregnant 
patient about these risks. Semin Oncol 1989;16:347–68.

43.  Mossman KL, Hill LT. Radiation risks in pregnancy. Obstet Gynecol 
1982;60:237–42.

44.  Osei EK, Faulkner K. Fetal doses from radiological examinations.  
Br J Radiol 1999;72:773–80.

45.  Ratnapalan S, Bona N, Koren G; Motherisk Team. Ionizing radiation 
during pregnancy. Can Fam Physician. 2003;49:873–4

46.  Lowe SA. Diagnostic radiography in pregnancy: risks and reality. Aust  
N Z J Obstet Gynaecol 2004;44:191–6.

47.  ACOG Committee on Obstetric Practice. ACOG Committee Opinion, 
No.299, September 2004. Guidelines for diagnostic imaging during 
pregnancy. Obstet Gynecol 2004;104:647–51.

48.  Donnelly EH, Smith JM, Farfán EB, Ozcan I. Prenatal radiation 
exposure: background material for counseling pregnant patients 
following exposure to radiation. Disaster Med Public Health Prep 
2011;5:62–8.

49.  De Santis M, Di Gianantonio E, Straface G, Cavaliere AF, Caruso A, 
Schiavon F, et al. Ionizing radiations in pregnancy and teratogenesis:  
a review of  literature. Reprod Toxicol 2005;20:323–9.

50.  Patel SJ, Reede DL, Katz DS, Subramaniam R, Amorosa JK. Imaging 
of  pregnant patient for nonobstetric conditions: algorithm and radiation 
dose considerations. Radiographics 2007;27:1705–22.

51.  Shu XO, Jin F, Linet MS, Zheng W, Clemens J, Mills J, et al. Diagnostic 
X-ray and ultrasound exposure and risk of  childhood cancer. Br J 
Cancer 1994;70:531–6.

52.  Doll R, Wakeford R. Risk of  childhood cancer from fetal irradiation.  
Br J Radiol 1997;70:130–9.

53.  Ju YJ, Du LQ, Cao J, Wang Y, Miao XD, Wang H, et al. The impact of  
early life exposure to diagnostic and therapeutic radiation on childhood 
cancer risk. Phys Med 2013;29:221–3.

54.  Ray JG, Schull MJ, Urquia ML, You JJ, Guttmann A, Vermeulen MJ. 
Major radiodiagnostic imaging in pregnancy and the risk of  childhood 
malignancy: a population-based cohort study in Ontario. PLoS Med 
2010;7:e1000337.

55.  Schonfeld SJ, Tsareva YV, Preston DL, Okatenko PV, Gilbert ES,  
Ron E, et al. Cancer mortality following in utero exposure among 
offspring of  female Mayak Worker Cohort members. Radiat Res 
2012;178:160–5.

56.  Hellgren M, Blombäck M. Studies on blood coagulation and fibrinolysis 
in pregnancy, during delivery and in the puerperium. I. Normal 
condition. Gynecol Obstet Invest 1981;12:141.

57.  Doan-Wiggens L. Trauma in pregnancy. In: Benrubi GI, ed. Obstetric  
and gynecologic emergencies. Philadelphia: Lippencott; 1994:57–76.

58.  Van Buul EJ, Steegers EA, Jongsma HW, Eskes TK, Thomas CM,  
Hein PR. Haematological and biochemical profile of  uncomplicated 
pregnancy in nulliparous women; a longitudinal study. Neth J Med 
1995;46:73–85.

59.  Grossman NB. Blunt trauma in pregnancy. Am Fam Physician 
2004;70:1303–10.

60.  Goodwin H, Holmes JF, Wisner DH. Abdominal ultrasound 
examination in pregnant blunt trauma patients. J Trauma 
2001;50:689–93.

61.  Goletti O, Ghiselli G, Lippolis PV, Chiarugi M, Braccini G, Macaluso C,  
et al. The role of  ultrasonography in blunt abdominal trauma: results in 
250 consecutive cases. J Trauma 1994;36:178–81.

62.  Kimura A, Otsuka T. Emergency center ultrasonography in the evaluation 
of  hemoperitoneum: a prospective study. J Trauma 1991;31:20–3.

63.  Meyer DM, Thal ER, Weigelt JA, Redman HC. Evaluation of  computed 
tomography and diagnostic peritoneal lavage in blunt abdominal trauma.  
J Trauma 1989;29:1168-72.

64.  Esposito TJ, Gens DR, Smith LG, Scorpio R. Evaluation of  
blunt abdominal trauma occurring during pregnancy. J Trauma 
1989;29:1628–32.

65.  Aboutanos MB, Aboutanos SZ, Dompkowski D, Duane TM,  
Malhotra AK, Ivatury RR. Significance of  motor vehicle crashes and 
pelvic injury on fetal mortality: a five-year institutional review. J Trauma 
2008;65(3):616–20.

66.  Ali J, Yeo A, Gana TJ, McLellan BA. Predictors of  fetal mortality in 
pregnant trauma patients. J Trauma 1997;42:782–5.

67.  Hoff  WS, D’Amelio LF, Tinkoff  GH, Lucke JF, Rhodes M, Diamond 
DL, et al. Maternal predictors of  fetal demise in trauma during pregnancy. 
Surg Gynecol Obstet 1991;172:175–80.

68.  Pearlman MD, Tintinalli JE, Lorenz RP. Blunt trauma during pregnancy.  
N Engl J Med 1990;323:1609.

69.  Connolly AM, Katz VL, Bash KL, McMahon MJ, Hansen WF. Trauma 
and pregnancy. Am J Perinatol 1997;14:331–6.

70.  Pearlman MD, Tintinalli JE, Lorenz RP. A prospective controlled study 
of  outcome after trauma during pregnancy. Am J Obstet Gynecol 
1990;162:1502–10.

71.  Biester EM, Tomich PG, Esposito TJ, Weber L. Trauma in pregnancy: 
normal Revised Trauma Score in relation to other markers of  
maternofetal status—a preliminary study. Am J Obstet Gynecol 
1997;176:1206–10.

72.  Dahmus MA, Sibai BM. Blunt abdominal trauma: are there any predictive 
factors for abruptio placentae or maternal-fetal distress? Am J Obstet 
Gynecol 1993;169:1054–9.

73.  Farmer DL, Adzick NS, Crombleholme WR, Crombleholme TM, 
Langaker MT, Harrison MR. Fetal trauma: relation to maternal injury.  
J Pediatr Surg 1990;25:711–4.

74.  Williams KJ, McClain L, Rosemurgy AS, Colorado WM. Evaluation of  
blunt abdominal trauma in the third trimester of  pregnancy: maternal and 
fetal considerations. Obstet Gynecol 1990;75:33–7.

75.  Higgins SD, Garite TJ. Late abruptio placenta in trauma patients: 
implications for monitoring. Obstet Gynecol 1984;63(3 Suppl):10S–12S.

76.  Curet MJ, Schermer CR, Demarest GB, Bieneik EJ 3rd, Curet LB. 
Predictors of  outcome in trauma during pregnancy: identification 
of  patients who can be monitored for less than 6 hours. J Trauma 
2000;49:18–24.

77.  Cahill AG, Bastek JA, Stamilio DM, Odibo AO, Stevens E, Macones GA. 
Minor trauma in pregnancy—is the evaluation unwarranted? Am J Obstet 
Gynecol 2008;198:208.e1–e5.

78.  Goodwin TM, Breen MT. Pregnancy outcome and fetomaternal 
hemorrhage after noncatastrophic trauma. Am J Obstet Gynecol 
1990;162:665–71.

79.  Hull SB, Bennett S. The pregnant trauma patient: assessment and 
anesthetic management. Int Anesthesiol Clin 2007;45(3):1–18.

80.  Muench MV, Baschat AA, Reddy UM, Mighty HE, Weiner CP, Scalea TM, 
et al. Kleihauer-Betke testing is important in all cases of  maternal trauma. 
J Trauma 2004;57(5):1094–8.

81.  Urbaniak SJ. The scientific basis of  antenatal prophylaxis. Br J Obstet 
Gynaecol 1998;105(Suppl 18):11–8.



570  l  JUNE JOGC JUIN 2015

SOGC ClINICAl PRACTICE GUIDElINE Guidelines for the Management of a Pregnant Trauma Patient

82.  Bowman J. The prevention of  Rh immunization. Transfus Med Rev 
1998;2:129–50.

83.  Ghosh S, Murphy WG. Implementation of  the rhesus prevention 
program: a prospective study. Scot Med J 1994;39:147–9.

84.  Fung Kee Fung K, Eason E, Crane J, Armson A, De La Ronde S,  
Farine D, et al. Prevention of  Rh alloimmunization. J Obstet Gynaecol 
Can 2003;25:765–73.

85.  ACEP Clinical Policies Committee and Clinical Policies Subcommittee 
on Early Pregnancy. American College of  Emergency Physicians. Clinical 
policy: critical issues in the initial evaluation and management of  patients 
presenting to the emergency department in early pregnancy. Ann Emerg 
Med 2003;41:122–33.

86.  Stern K, Goodman H, Berger M. Experimental iso-immunization to 
hemo-antigens in man. J Immunol 1961;87:189–98.

87.  Chen JC, Davis BH, Wood B, Warzynski MJ. Multicenter clinical 
experience with flow cytometric method for fetomaternal hemorrhage 
detection. Cytometry 2002;50(6):285–90.

88.  Porra V, Bernaud J, Gueret P, Bricca P, Rigal D, Follea G, et al. 
Identification and quantification of  fetal red blood cells in maternal blood 
by a dual-color flow cytometric method: evaluation of  the Fetal Cell 
Count kit. Transfusion 2007;47:1281–9.

89.  Savithrisowmya S, Singh M, Kriplani A, Agarwal N, Mehra NK,  
Bhatla N. Assessment of  fetomaternal hemorrhage by flow cytometry and 
Kleihauer-Betke test in Rh-negative pregnancies. Gynecol Obstet Invest 
2007;65:84–8.

90.  Weintraub AY, Leron E, Mazor M. The pathophysiology of  trauma in 
pregnancy: a review. J Matern Fetal Neonatal Med 2006;19:601–5.

91.  Towery R, English TP, Wisner D. Evaluation of  pregnant women after 
blunt injury. J Trauma 1993;35:731–6.

92.  Dhanraj D, Lambers D. The incidences of  positive Kleihauer-Betke test in 
low-risk pregnancies and maternal trauma patients. Am J Obstet Gynecol 
2004;190:1461–3.

93.  Pak LL, Reece EA, Chan L. Is adverse pregnancy outcome predictable 
after blunt abdominal trauma? Am J Obstet Gynecol 1998;179:1140–4.

94.  Leroy-Malherbe V, Bonnier C, Papiernik E, Groos E, Landrieu P.  
The association between developmental handicaps and traumatic 
brain injury during pregnancy: an issue that deserves more systematic 
evaluation. Brain Inj 2006;20(13–14):1355–65.

95.  Oyelese Y, Ananth CV. Placental abruption. Obstet Gynecol 
2006;108:1005–16.

96.  Glantz C, Purnell L. Clinical utility of  sonography in the diagnosis and 
treatment of  placental abruption. J Ultrasound Med 2002;21:837–40.

97.  Kettel LM, Branch DW, Scott JR. Occult placental abruption after 
maternal trauma. Obstet Gynecol 1988;71(3 Pt 2):449–53.

98.  Ananth CV, Berkowitz GS, Savitz DA, Lapinski RH. Placental abruption 
and adverse perinatal outcomes. JAMA 1999;282:1646–51.

99.  Wolf  EJ, Mallozzi A, Rodis JF, Campbell WA, Vintzileos AM. The 
principal pregnancy complications resulting in preterm birth in singleton 
and twin gestations. J Matern Fetal Med 1992;14:206–12.

100.  Sperry JL, Casey BM, McIntire DD, Minei JP, Gentilello LM, Shafi S.  
Long-term fetal outcomes in pregnant trauma patients. Am J Surg 
2006;192:715–21.

101.  Van Hook JW. Trauma in pregnancy. Clin Obstet Gynecol 
2002;45:414–24.

102.  Fries MH, Hankins GDV. Motor vehicle accidents associated with 
minimal maternal trauma but subsequent fetal demise. Ann Emerg Med 
1989;18:301–4.

103.  Palmer JD, Sparrow OC. Extradural haematoma following intrauterine 
trauma. Injury 1994;25:671–3.

104.  Sandy EA, Koemer M. Self  inflicted gunshot wound to the pregnant 
abdomen: report of  a case and review of  the literature. Am J Perinatol 
1989;6:30–1.

105.  Awwad JT, Azar GB, Seoud MA, Mroueh AM, Karam KS. High-velocity 
penetrating wounds of  the gravid uterus: review of  16 years of  civil war. 
Obstet Gynecol 1994;83:259–64.

106.  Czeizel AE, Rockenbauer M. Tetanus toxoid and congenital abnormalities. 
Int J Gynaecol Obstet 1999;64:253–8.

107.  Centers for Disease Control and Prevention (CDC). Updated 
recommendations for use of  tetanus toxoid, reduced diphtheria toxoid, 
and acellular pertussis vaccine (Tdap) in pregnant women—Advisory 
Committee on Immunization Practices (ACIP), 2012. MMWR Morb 
Mortal Wkly Rep. 2013;62:131–5.

108.  Stewart DE, Cecutti A. Physical abuse in pregnancy. CMAJ 
1993;149(9):1257-63.

109.  Guth AA, Pachter L. Domestic violence and the trauma surgeon.  
Am J Surg 2000;179:134–40.

110.  McFarlane J, Parker B, Soeken K, Bullock L. Assessing for abuse during 
pregnancy. Severity and frequency of  injuries and associated entry into 
prenatal care. JAMA 1992;267:3176–8.

111.  Muench MV, Canterino JC. Trauma in pregnancy. Obstet Gynecol Clin 
North Am 2007;34:555–83.

112.  Crosby WM, Costiloe JP. Safety of  lap-belt restraint for pregnant victims 
of  automobile collisions. N Engl J Med 1971;284:632–6.

113.  Brookfield KF, Gonzalez-Quintero VH, Davis JS, Schulman CI. Maternal 
death in the emergency department from trauma. Arch Gynecol Obstet 
2013;288:507–12.

114.  Hyde KH, Cook LJ, Olson LM, Weiss HB, Dean JM. Effect of  
motor vehicle crashes on adverse fetal outcomes. Obstet Gynecol 
2003;102:279–86.

115.  Luley T, Fitzpatrick CB, Grotegut CA, Hocker MB, Myers ER,  
Brown HL. Perinatal implications of  motor vehicle accident trauma 
during pregnancy: identifying populations at risk. Am J Obstet Gynecol 
2013;208(6):466.e1–e5.

116.  Johnson HC, Pring DW. Car seatbelts in pregnancy: the practice and 
knowledge of  pregnant women remain causes for concern. BJOG 
2000;107:644–7.

117.  Moorcroft DM, Stitzel JD, Duma GG, Duma SM. Computational model 
of  the pregnant occupant: predicting the risk of  injury in automobile 
crashes. Am J Obstet Gynecol 2003;189:540–4.

118.  Schultze PM, Stamm CA, Roger J. Placental abruption and fetal death 
with airbag deployment in a motor vehicle accident. Obstet Gynecol 
1998;92(4 Pt 2):719.

119.  Fusco A, Kelly K, Winslow J. Uterine rupture in a motor vehicle crash 
with airbag deployment. J Trauma 2001;51:1192–4.

120.  Pearlman MD. Motor vehicle crashes, pregnancy loss and preterm labor. 
Int J Gynecol Obstet 1997;57:127–32.

121.  Schiff  MA, Holt VL. The injury severity score in pregnant trauma 
patients: predicting placental abruption and fetal death. J Trauma 
2002;53:946–9.

122.  Hagmann CF, Schmitt-Mechelke T, Caduff  JH, Berger TM. Fetal 
intracranial injuries in a preterm infant after maternal motor vehicle 
accident: a case report. Pediatr Crit Care Med 2004;5:396–8.

123.  Tweddale CJ. Trauma during pregnancy. Crit Care Nurs Q 2006;29:53–67.

124.  Fort A, Harlin R. Pregnancy outcome after noncatastrophic maternal 
trauma during pregnancy. Obstet Gynecol 1970;35:912–5.



JUNE JOGC JUIN 2015  l  571

SOGC ClINICAl PRACTICE GUIDElINE Guidelines for the Management of a Pregnant Trauma Patient

125.  Fish R. Electric shock. Part I: physics and pathophysiology. J Emerg Med 
1993;11:309–12.

126.  Fatovich DM. Electric shock in pregnancy. J Emerg Med 1993;11:175–7.

127.  Einarson A, Bailey B, Inocencion G, Ormond K, Koren G. Accidental 
electric shock in pregnancy: a prospective cohort study. Am J Obstet 
Gynecol 1997;176:678–81.

128.  Jaffe R, Fejgin M, Ben Aderet N. Fetal death in early pregnancy due to 
electric current. Acta Obstet Gynecol Scand 1986;65:283.

129.  Fish RM. Electric injury. Part III: cardiac monitoring indications, the 
pregnant patient, and lightning. J Emerg Med 2000;18:181–7.

130.  Katz VL, Dotters DJ, Droegemueller W. Perimortem cesarean delivery. 
Obstet Gynecol 1986;68:571–6.

131.  Katz V, Balderston K, DeFreest M. Perimortem cesarean delivery: were 
our assumptions correct? Am J Obstet Gynecol 2005;192(6):1916–20.

132.  Katz VL. Perimortem cesarean delivery: its role in maternal mortality. 
Semin Perinatol 2012;36:68–72.

133. Woolf  SH, Battista RN, Angerson GM, Logan AG, Eel W. Canadian 
Task Force on Preventive Health Care. New grades for recommendations 
from the Canadian Task Force on Preventive Health Care. CMAJ 
2003;169:207–8.




