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Introduction

Trauma is the leading cause of death for women
in the United States ages 34 years of age and
younger. It is the primary cause of deaths not
attributable to medical causes in pregnancy,
complicating 6-8 % of pregnancies, and results
in emergency surgery in up to 20 % of pregnant
women with traumatic injuries [1-7]. Trauma-
related deaths are often not included in maternal
mortality reviews and the precise contribution of
trauma to mortality rates is probably
underestimated [8, 9]. Nevertheless, trauma
accounts for up to 46 % of pregnancy-associated
deaths, or greater than one million deaths annu-
ally worldwide [6, 10-12]. While pregnancy-
related maternal deaths (those due to medical
events during pregnancy) have declined, those
due to injury have increased [1]. Causes include
active-employment while pregnant, greater num-
ber of miles traveled in an automobile, and grow-
ing incidence of intimate partner violence.
Maternal  injury can  have  serious
consequences, including fetal loss, preterm rup-
ture of membranes, preterm delivery, placental
abruption, cesarean delivery, and stillbirth (see
Fig. 16.1) [13-18]. One study estimated that as
many as one-third of pregnant women
hospitalized for trauma will deliver during their
hospitalizations [19]. Actual fetal injury and loss
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rates may be undercounted due to a lack of
standardized reporting methods; for example,
medical care for the initial episode of maternal
trauma and subsequent fetal loss may occur at
different medical centers; the fetal loss may
occur after unreported maternal trauma; or the
fetal loss may not be recorded because it
occurred at less than 20 weeks gestation [20].

Trauma in pregnancy has been associated
with younger age, less education, being unmar-
ried, and it is more common among those who
have used tobacco, alcohol, or illicit substances
while pregnant [21, 22]. Data from the American
College of Surgeons National Trauma Data bank
indicate that alcohol and illicit substances are
implicated in pregnancy-associated trauma in
12.9 % and 19.6 % of cases, respectively [3].
While pregnancy itself does not increase morbid-
ity or mortality due to injury, it has been
identified as an independent risk factor for
trauma. This includes violent assaults aimed at
causing fetal injury [23, 24].

Fetal outcomes after maternal trauma are
poor, with mortality reported as high as
40-50 % [25]. Importantly, fetal morbidity and
mortality can occur in the setting of insignificant
maternal injury [25, 26], and severity scores for
maternal injury do not accurately predict placen-
tal abruption or fetal death [27-29]. Conse-
quently, it is essential that all women of
childbearing age who experience trauma be
evaluated for pregnancy, and if pregnant undergo
fetal evaluation, even in the setting of minor
injury.
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Maternal death

Maternal loss of consciousness
Injury Severity Score > 15
Pelvic fracture

Failure to use seat belts

Early gestational age

Vaginal bleeding

Severe hemorrhage
Coagulopathy

Serum lactate > 2 mEq/L

Fig. 16.1 Factors associated with trauma-associated
fetal loss

Types of Trauma
Patterns of Injury

The risk for trauma increases as pregnancy
progresses, with 10-15 % of injuries occurring
in the first trimester and 50-54 % in the third
trimester [30], and parturients are more likely to
have abdominal rather than head injuries [31].
The uterus is protected within the bony pelvis
until 12 weeks gestation, so chances of fetal
injury are limited during the first trimester. The

American College of Obstetricians and
Gynecologists (ACOG) categorizes trauma into
three categories: blunt abdominal injury,

penetrating trauma, and pelvic fractures [32].
Maternal and fetal mortality may result from
the injury itself or from indirect causes, such as
maternal shock, disseminated intravascular coag-
ulation, or acute respiratory distress syndrome.

Blunt Injury to the Abdomen

Blunt abdominal injury accounts for two-thirds
of trauma cases in pregnancy. The force of the
impact directly correlates with degree of mater-
nal and fetal injury. As pregnancy progresses, the
gravid uterus pushes abdominal contents upward,
thus decreasing the risk of maternal bowel injury
from a direct abdominal blow, although the risk
of hepatic or splenic rupture and retroperitoneal
hemorrhage remains.

With increasing gestational age, the uterus is
at greater risk in abdominal injury. While the
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amniotic fluid absorbs collision energy and
prevents its direct transmission to the fetus, pre-
mature rupture of membranes can occur because
the portion of membranes lying over the internal
cervical os is unsupported by the uterine wall and
this creates a potential site for tears. Placental
abruption is common and it may occur within
hours of injury or later.

Forceful direct impact and contrecoup injuries
can contribute to traumatic rupture of the uterus
itself. Clinical presentation of uterine rupture
ranges from hemorrhagic shock with maternal
collapse, to nonspecific abdominal discomfort.
Fetal injuries following abdominal trauma are
most commonly reported during the third trimes-
ter and while maternal mortality may be less than
10 %, fetal death rates approach 100 % [33].

Penetrating Trauma

There are few data on outcomes of penetrating
injury during pregnancy. A retrospective study of
abdominal injuries seen in a level 1 trauma center
from 1996 to 2008 reported that blunt injuries
occurred in 91 % whereas penetrating injuries
accounted for only 9 % of patients [34]. Among
penetrating injuries, 73 % were caused by
gunshots. Maternal mortality did not differ
between the two groups, but fetal mortality was
73 % following penetrating injuries, but only
10 % following blunt trauma. Overall, gunshot
wounds are reported to cause fetal injury in
60-70 % and lead to death in 40-65 % of cases
[4, 34, 35]. While gunshot wounds require a
laparotomy to determine the full scope of injury,
stab wounds do so only if the blade appears to
have penetrated the peritoneum.

Pelvic Fracture

Pelvic fractures contribute to high maternal and
fetal mortality. Medical treatment is complicated
by pregnancy and there are increased risks of
obstetrical complications. A literature review of
101 case reports of pelvic or acetabular fractures
in pregnancy found that maternal and fetal deaths
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did not correlate with the type of fracture (simple
or complex), its location, or trimester of preg-
nancy [36]. Overall, fetal morality was 35 % and
maternal mortality 9 %. However, an institu-
tional study of 148 motor vehicle accident
(MVA)-related injuries at a level 1 trauma cen-
ter, in which there were no maternal deaths,
noted that mothers of five of the seven cases of
fetal demise had sustained pelvic fractures [37].
The odds of fetal loss were 48 times higher if
their mothers sustained a pelvic fracture, versus
those who did not, and ten times more likely if
the mother lost consciousness on impact [37].
Among the seven fetal deaths, only one was due
to direct uterine trauma; the other six were the
result of spontaneous abortion.

Pelvic fractures may lead to placental abrup-
tion in as many as 30 % of cases [38]. In one
retrospective study of maternal fractures, patients
who delivered during hospitalization had 15-fold
increase in placental abruption and 20-fold
increases in transfusions and stillbirths [39].
Those who were discharged and delivered subse-
quently had a 47 % increase in abruptions and
18 % increase in rate of preterm deliveries. In
this study, women with pelvic fractures were the
only group in which there was long-term
increased risk of fetal death.

Causes of Maternal Trauma
Motor Vehicle Accidents

The overall incidence of motor vehicle accidents
(MVA) has been estimated at 2.8 % [21], and
MV As may account for 34—70 % of all traumatic
injuries during pregnancy [3, 16, 40, 41]. Mater-
nal mortality following MVAs has been
estimated at 1.4 and fetal mortality at 3.7 per
100,000 pregnancies, respectively [42]. Both
maternal morbidity and mortality are substan-
tially increased when seat belts are not used or
placed incorrectly, and adverse outcomes have
been reported in 100 % of women injured in
MVAs who were not wearing seatbelts [43].
The use of alcohol and other intoxicants has
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been implicated as a risk factor for MV As during
pregnancy, with up to 45 % of collisions involv-
ing maternal alcohol use [22, 44].

Seat belts can prevent maternal impact with
the steering wheel in both front and rear
collisions [45]. Many pregnant women fail to
use or correctly place seatbelts [46], and one
study reported that only half of patients indicated
they received counseling about seatbelt use from
their physicians [47]. Fear of injuring their fetus
and belt discomfort have been reported as
reasons for avoiding their use [43], and when
used improperly, seatbelts can cause severe uter-
ine and fetal injury. Yet, fetal deaths are three
times more likely in MV As when the mother is
not wearing a seat belt [21]. Recommendations
for their correct use, with or without airbag acti-
vation during MVAs, have been associated with
improved fetal outcomes [48, 49]. Current
guidelines recommend using seatbelts through-
out pregnancy, with the lap belt portion placed
under the abdomen and over the anterior superior
iliac spines and pubic symphysis. The shoulder
portion of the belt should be between the breasts
with the belt as snug as comfort permits [32].

In high-speed automobile crashes, airbags and
three-point seatbelts can be life saving, and one
study reported they were protective only when
vehicle speeds exceed 32—-38 mph. There have
been case reports of uterine rupture and placental
abruption with airbag deployment [50, 51], how-
ever, a population-based study of airbag deploy-
ment during MV As in pregnancy failed to find a
statistically increased risk of poor fetal outcomes
[52]. Another study of 42 pregnant women who
were wearing three-point seat belts when they
were involved in MVAs found that deployment
of airbags further reduced the risk of adverse
fetal outcomes [48].

Despite the absence of data regarding airbag
injury risk, new manufacturing criteria for
“advanced air bags” require supplemental
restraint systems that are designed to accommo-
date children and women as well as standard-
sized men. According to the National Highway
Traffic and Safety Association, pregnant women
should be at least 10 in. away from an airbag in



338

the dashboard or steering wheel and the seat
should be pushed back or reclined as the abdo-
men grows during pregnancy.

During collisions, substantial mechanical
forces are placed on the uterus. Both shear force
failure (or strain) and tensile failure (by a
contrecoup mechanism) have been implicated in
uterine injury. The displacement of the uterus
forward during a collision can generate negative
forces and injure the opposite side of the uterus.
In addition, upon impact the mother’s torso folds
over the abdomen, markedly increasing abdomi-
nal pressure. The combination of these two
movements can cause placental abruption in
additional to maternal injuries [53].

Falls

Falls are estimated to complicate 48.9 of 100,000
pregnancies, and they account for 22-52 % of all
traumatic injuries in pregnancy [54, 55]. As
many as one-in-four women will fall while preg-
nant [56, 57]. The likelihood of falling increases
in the second and third trimesters when gait and
balance are altered by shifts in a women’s center
of balance [58-60] and women are less able to
stabilize themselves when their body position
changes abruptly [61]. In one study of pregnant
women hospitalized for falls, fractures were the
most common injuries, followed by contusions
and sprains [56]. This study also reported a 4.4-
fold increase in preterm labor, an 8-fold increase
in placental abruption, and a 2.9-fold increase in
fetal hypoxia compared with those who had not
fallen.

Assaults, Homicide, and Suicide

Assault during pregnancy is a leading cause of
maternal and fetal deaths [62—-66]. The preva-
lence of domestic violence (DV) or intimate
partner violence (IPV) varies worldwide. In the
United States, it occurs in 22.1 % of the women
of childbearing age, although it is higher in spe-
cific groups [67, 68]. Pregnancy appears to be an
independent risk factor for battery [23, 69].
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Women who are abused while pregnant have a
threefold risk of becoming homicide victims dur-
ing the same pregnancy [61]. Among postpartum
women 15-19 years old, the risk of homicide was
2.6-fold greater than that of women who had not
been pregnant [70]. One study of mortality
among pregnant women 15-44 years of age in
New York City found that for injury-related
deaths, 63 % were homicides and 13 % were
suicides [12]. Another review of pregnancy-
associated deaths in Maryland found that homicide
was the leading cause of all maternal deaths [71].

Data from the multistate National Violent
Death Reporting System (NVDRS) for
2003-2007 reveal that pregnancy-associated vio-
lent death mortality in women ages 15-54
accounted for a rate of 4.9 per 100,000 live births
[62]. The homicide rate was calculated at 2.9 per
100,000 live births. Of the 139 homicides among
women of childbearing age, 108 (77 %) occurred
during pregnancy and the remainder within the
first postpartum year. Women at extremes of age
were at higher risk. Younger women were at
greatest risk, with those 24 years and younger
accounting for more than half (53.9 %) of
pregnancy-associated homicides, but only
33.6 % of live births in reporting states. Women
40 years or older were also at elevated risk of
homicide. In this sample, 59.1 % of homicides
were due to intimate partner violence [62].
Another study, based on records of the New
York City Office of the Chief Medical Examiner
between 1998 and 2009, revealed that in 19 of 27
homicides among pregnant women, the victim
and suspect were known to each other [72].

Violent abuse in pregnancy is associated with
a 2.7-fold increase in preterm births and 5.5-fold
increase in low birthweight infants [73]. Risk
factors for DV/IPV include substance abuse,
less education, low socioeconomic status,
African-American race, unintended pregnancy,
unmarried status, a history of DV/IPV prior to
pregnancy, or witnessing violence by mother or
intimate partner as a child [74]. Fetal mortality
following intimate partner violence has been
reported as high as 16 % [34].

Most studies have reported a lower incidence
of suicide in pregnant versus non-pregnant
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women [63]. According to NVDRS data for
2003-2007, maternal suicide accounted for two
deaths per 100,000 live births [62]. In this survey,
women over 40 years of age accounted for 17.0 %
of pregnancy-related suicides but only 2.8 % of
the live births. The homicide and suicide rates in
this study were both higher than reported maternal
death rates reported from common obstetric
causes (hemorrhage/placenta previa, ecclampsia/
preeclampsia, and amniotic fluid embolism). Fetal
or infant death, and substance abuse are maternal
risk factors for attempting suicide in during preg-
nancy and postpartum [75, 76].

Burns and Electrical Injuries

Our understanding of burns in pregnancy is lim-
ited, as the reported incidence of burn injuries is
low and burn victims are not consistently
screened for pregnancy. Worldwide, approxi-
mately 7 % of women of reproductive age who
are treated for burns are pregnant [77]. A pro-
spective study of pregnant women admitted to a
burn center in Iran over 9 years, found that larger
total body surface area burned correlated with
those that were self-inflected. In this study,
27.45 % of burns were suicide attempts. Total
body surface area burned and degree of burn are
related to the extent of maternal and fetal injury.
As the body surface area of injury approaches
40 %, mortality rates for mother and fetus
approach 100 % [77, 78]. Sepsis complicating
burn injury is a major contributor to maternal
and fetal mortality [79].

A recent observational study used thromboe-
lastography (TEG) to evaluate hypercoagulabil-
ity in burn patients and noted a hypercoagulable
state developing 1 week after the initial injury.
Pregnant patients with burns should receive rou-
tine thromboprophylaxis as the hypercoagulable
state of pregnancy may be exacerbated and
deaths from pulmonary embolisms occur in the
setting of burn injury [80].

Smoke inhalation during burn injury signifi-
cantly increases maternal and fetal mortality [81,
82] due to oxygen depletion, carbon monoxide
(CO) poisoning [82] and cyanide (CN) poisoning
from combustion of synthetic products silk and
wool [83]. Fetal hemoglobin has greater affinity
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than maternal hemoglobin for CO, and fetal
carboxyhemoglobin levels can reach as high as
15 %. The fetal effect of inhaled CO and CN
poisoning depends on the gestational age of the
fetus and combined exposure exhibits a synergis-
tic effect.

CO poisoning can be treated with normobaric
oxygen. Hyperbaric oxygen therapy has been
used in pregnancy, but remains controversial.
Prompt treatment of CN with intravenous
hydroxocobalamin effectively removes CN, raises
the threshold for lethal CO poisoning, and is supe-
rior to combined treatment with amyl nitrate,
sodium nitrate, and sodium thiosulfate, all of
which are contraindicated in pregnancy [83].

There are few reports of electrical injuries in
pregnancy, and among reported cases there has
been wide variance in the degree of injury. In one
study of 15 cases of severe electrical injury dur-
ing pregnancy, fetal mortality was 73 % [84]. A
prospective study of minor electrical shocks from
household appliances, however, found no differ-
ence in birth outcomes compared with controls
[85]. The magnitude of the current appears to be
related to the degree of fetal injury, as does
trajectory through the uterus and conduction of
the current to the fetus by amniotic fluid. In cases
of severe electric shocks, resulting falls can lead
to abdominal injury and placental abruption.

Poisoning

Case reports of poisoning in pregnancy are lim-
ited and primarily concern suicide attempts (see
above) and inadvertent drug overdoses. One
study found that pregnant women accounted for
only 0.07 % of calls to a poison control center
over 4 years [86]. If all women who sought help
had received a pregnancy test, however, the num-
ber would likely have been higher [87]. No stud-
ies have examined the teratogenic risks of
specific poison antidotes, and it is recommended
that they not be withheld from pregnant women
if there are clear medical indications [88].

Drug overdoses in pregnancy have been
reported from both over-the-counter medications
such as acetominophen and prescription drugs.
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Lead has been found to contaminate several natu-
ropathic medications. Isolated case reports of
accidental overdoses of hospital-delivered
medications, such as epidural local anesthetics
or misoprostol, have also been noted. Opioid-
medications are responsible for the recent dra-
matic increase in overdose fatalities, with overall
mortality rates three times higher in rural com-
pared with metropolitan areas. A study of
pregnancy-related deaths in Florida from 1999
to 2005 found that prescription drugs were
detected in 54 % of cases, with opioids being
the most commonly detected drug, followed by
benzodiazapines. Among pregnant women who
died, drug toxicity and motor vehicle accidents
each accounted for one-third of the total deaths,
followed by gunshot wounds in 14 % [89].

Envenomation injuries, caused by snakes,
scorpions, spiders, jellyfish, and hymenoptera
(bees, wasps, hornets, ants) are rare in pregnancy
and treatment has been directed by case reports
on non-pregnant subjects. Venom-specific
approaches based upon supportive therapy and
anti-venom administration is indicated to support
the mother [90].

Maternal and Fetal Outcomes
Following Trauma

Maternal mortality is directly linked to the sever-
ity of the traumatic injury. Traumatic head
injuries, internal injuries, and hemorrhagic
shock account for the majority of maternal deaths
[16, 91, 92]. Pregnant women who are injured
and deliver at the time of the initial trauma hos-
pitalization experience worse outcomes. One ret-
rospective analysis of hospital discharge records
in California reported that pregnant women who
delivered during their hospitalization for trauma
had a 9-fold greater risk of placental abruption, a
42-fold greater risk of uterine rupture and 69-fold
greater risk of maternal death compared with
those who delivered during a subsequent admis-
sion [16]. Data are conflicting as to whether
being pregnant during traumatic injury is
associated with a survival advantage over non-
pregnant women of childbearing age [31].

A.K.F. Hack

Obstetric complications of trauma include
preterm labor and delivery, preterm premature
rupture of membranes, placental abruption, feto-
maternal hemorrhage, and uterine rupture. After
22-24 weeks gestation, preterm labor occurs in
25 % of trauma cases [4]. Most preterm deliveries
occur after discharge from the initial trauma hos-
pitalization. Calcium channel blockers such as
nifidipine are widely used off-label for tocolysis
for those patients who remain undelivered with
preterm labor. Magnesium sulfate can be used for
short-term tocolysis (57 days), and has been
shown to have fetal neuroprotective effects in
early preterm deliveries (<32 weeks) for all
pregnancies [93, 94].

Abruption of the placenta occurs with 1.7 % of
maternal injuries and in up to 40 % of severe
injuries [95]. It is more common after blunt trauma
[16]. Ultrasound is a relatively insensitive test for
placental abruption and due to its delayed occur-
rence, continuous fetal monitoring is recommended
for 6 h, even in the setting of minor trauma [96].

Uterine rupture is a rare consequence of trauma
that has grave consequences for the fetus. Rupture
occurs most commonly in rapid deceleration or
compression injuries, and is typically found in
patients with a previous uterine scar. Following
uterine rupture, fetal mortality is almost universal
and the maternal mortality rate is 10 % [97]. The
risk of rupture increases with gestational age and
with the severity of trauma. Abdominal pain, uter-
ine tenderness, loss of abdominal shape, cessation
of contractions, and maternal hemodynamic insta-
bility may be found. The uterus may rupture pos-
teriorly if it is unscarred by previous surgery and
typical findings on abdominal examination may
be absent. Bladder injury is also associated with
posterior ruptures, and blood or meconium may be
found in the urine [98].

Of note, uterine rupture and ruptured
membranes following blunt abdominal trauma
are associated with amniotic fluid embolism
(AFE) [99]. Signs and symptoms of AFE vary
and include, shock, acute hypertension, seizure,
respiratory distress, disseminated intravascular
coagulation or cardiac arrest. These clinical
findings in the setting of traumatic injury should
prompt high suspicion of AFE [100].



16 Trauma in the Pregnant Patient

Fetomaternal hemorrhage occurs in up to
30 % of pregnant trauma patients and is more
common in those who sustain anterior trauma
and have an anterior implanted placenta [101].
Hemorrhage can cause fetal anemia,
arrhythmias, and exsanguination resulting in
fetal death. In addition, mothers are at risk of
Rh sensitization: as little as 0.01 mL of Rh-
positive blood from the fetus can result in sensi-
tization in Rh-negative women.

In the California study cited above, fetuses
delivered during the initial trauma hospitaliza-
tion had a 2-fold increase in premature delivery,
a 4.6-fold increase in fetal death and a 3-fold
increase in neonatal death [16]. Because the
fetal head is in the pelvis near term, there is a
risk of fetal skull fracture and brain injury with
pelvic fractures. Even minor trauma during preg-
nancy can significantly increase the risk of pre-
term delivery, despite normal fetal monitoring
and observation. Pregnant women who are
discharged after hospitalization for trauma
should still be considered at risk for the remain-
der of their pregnancies [26].

The Physiology of Pregnancy
and Management of the Trauma
Patient

The altered physiology of pregnancy and the
fetal response to trauma affect both the severity
of trauma and its treatment. Initial management
is focused on maternal stabilization. Treatment
must be guided by pregnancy-related changes in
maternal physiology and how they affect trauma
life support protocols. Physiologic changes in
pregnancy involve alterations of the airway anat-
omy, gastrointestinal, respiratory, cardiovascu-
lar, and hematologic physiology that are
particularly relevant in the trauma patient [102]
and can influence the evaluation and treatment of
traumatic injury (see Table 16.1). These changes
allow for greater clinical compensation to
trauma, but this can sometimes delay recognition
of the extent of injury and hemorrhagic shock
(see Fig. 16.2).
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Airway Management

Airway management in normal pregnancy
presents additional risks over the non-pregnant
patient. Changes in oncotic pressure and
increases in circulating blood volume lead to
engorgement of the naso- and oropharyngeal
mucosa and larynx, resulting in edema and fria-
bility of the upper airway and a predisposition to
airway obstruction. Smaller endotracheal tubes
(67 mm internal diameter) may be needed for
intubation, and caution is indicated when
inserting nasopharyngeal airways or endotra-
cheal tubes. Soft tissue edema, enlargement of
the tongue and breast tissue, and generalized
weight gain can complicate laryngoscopy. A
shorter laryngoscope handle may be needed to
facilitate visualization of the airway structures.

Trauma can further complicate airway man-
agement. Fluctuating levels of consciousness as a
result of intracranial injuries, alcohol or drug
ingestion, hypoxia or shock, can lead to loss of
airway reflexes. Specific injuries, such as facial
fractures, burns, and cervical spine instability
pose additional challenges.

In late-trimester pregnancies, difficult airway
management should be anticipated and additional
equipment made available, such as a stylet, gum
elastic bougie, levered-laryngoscope, lightwand,
intubating laryngeal mask airway (LMA), and
fiberoptic or video laryngoscope. A study of
maternal airway grades at 12 and 28 weeks found
that the percent of Mallampati Grade IV airways,
with only views of the hard palate and no view of
soft palate or uvula, increased by 34 % [103].

In obese patients, an airway ramp can be
made up of a rolled towel or blanket placed
under the patient’s upper back and head until
horizontal alignment is achieved between the
external auditory meatus and sternal notch.
This has been found to be superior to the tradi-
tional “sniff” position that is created by placing
a cushion under the patient’s head and raising
the occiput [104, 105]. In pregnant trauma
patients, once cervical spine instability has
been ruled out, ramped positioning may facili-
tate direct laryngoscopy.
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Table 16.1 Physiologic changes of pregnancy

Cardiovascular

Heart rate

Cardiac output
Mean arterial blood pressure

Systemic vascular resistance

Respiratory

Tidal volume

Minute ventilation
Expiratory reserve volume
Functional residual capacity
Blood gas

pH

pCO;

PO,

HCO;

Hematologic

Blood volume

Erythrocyte volume
Hemoglobin
Leukocytes

Increased 15-20 bpm

Increased 30-50 %
Decreased 10 mmHg

Decreased 10-15 %
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Clinical significance

75-95 bpm Adaption to tolerate blood
loss

6—8 L/min

Midtrimester

80 mmHg

1,200-1,500 dyn/s/
cm™

Increased 40 % 700 mL

Increased 40 % 10.5 L/min Respiratory alkalosis
Decreased 15-20 % 550 mL

Decreased 20-25 % 1,350 mL Rapid desaturation
Unchanged 7.4-7.45

Decreased 27-32 mmHg

Increased 100-108 mmHg

Decreased 18-21 mEq/L

Increased 30-50 % 13-18 4,500 mL

weeks

Increased 10-15 % Dilutional anemia
Decreased 1-2 g/dL. 9-11 g/dL

Increased up to 18 X 10°
Leukocytes/L 24—40 weeks

5,000-150,000/mm?

Coagulation

Factors I, 11, V, VII, IX, X, and
XII

Increased

There are no studies that compare direct and
video laryngoscopes in pregnant patients. In
cases of neck trauma, there are conflicting data
regarding decreased motion of the cervical spine
using videolaryngoscopes [106, 107]. One study
which randomized non-pregnant trauma patients
to intubation with Glidescope® video laryngo-
scope or direct laryngoscopy with Macintosh
blade found that the use of the Glidescope
resulted in longer median intubation times with-
out a mortality benefit [108]. Video
laryngoscopes may have theoretical benefits in
late-term pregnancy or in cases of maternal obe-
sity, but there are no robust supporting data.
Once intubation has been achieved, nasogastric
decompression should be initiated to minimize
the risk of aspiration. If intubation is impossible,
a LMA may permit ventilation, although the risk

Hypercoagulable state

of aspiration remains. Some patients may require
cricothyrotomy or tracheostomy.

Gastrointestinal Changes

While all trauma patients are at risk for aspira-
tion, the risk is increased in pregnant patients due
to progesterone-mediated relaxation of the lower
esophageal sphincter, gastric tone and mobility.
One case-controlled study of non-trauma patients
reported an aspiration risk as high as 8 % [109].
Prolonged bag/mask ventilation in a trauma
setting will increase the risk of aspiration.
While pregnancy itself does not prolong gastric
emptying, delays occur with obesity, labor, and
the presence of pain, or opioid administration. In
addition, many pregnant women may resort to
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Fig. 16.2 Maternal

physiologic changes .
associated with .
hemorrhage
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Compensated blood loss: 10-15% of blood volume (600 mL—900 mL)
Heart rate unchanged
Mean arterial pressure unchanged

Mild blood loss: 20-25% of blood volume (1200 mL—1500mL)
e Tachycardia (95—-105 bpm)
e Mean arterial pressure drops 10—15% (70-75 mmHg)
e Vasoconstriction—cold, pale extremities, poor capillary refill

Moderate blood loss: 25-35% of blood volume (1500 mL—2000 mL)
e Tachycardia (105—120 bpm)

Oliguria

Restlessness

Mean arterial pressure drop 25-30% (50—-60 mmHg)
Tissue hypoxia

Severe blood loss: > 35% of blood volume (>2000 mL)

Oliguria

small frequent meals, increasing the likelihood of
a full stomach when presenting with trauma.

Respiratory Changes

Weight gain and enlargement of the uterus dur-
ing pregnancy cause decreased functional resid-
ual capacity (FRC) and can lead to rapid
desaturation, further complicating airway man-
agement. Oxygen should be provided to all preg-
nant trauma patients, with early consideration of
an oral, nasal, or endotracheal airway. Metabolic
needs and oxygen consumption are high in preg-
nancy, both of which worsen hypoxia.
Denitrogenation with 100 % oxygen must be
performed prior to intubation. Maternal oxygen
saturation should be maintained at >95 % in
order to maintain a PaO, > 70 mmHg and opti-
mize oxygen diffusion across the placenta. When
maternal oxygenation falls below 60-70 mmHg,
fetal oxygenation is compromised.

Maternal minute ventilation rate increases as a
result of expanded tidal volume and
progesterone-mediated stimulation of the medul-
lary respiratory center that controls ventilatory
drive. This results in lower carbon dioxide
tensions of between 28 and 32 mmHg. There is

Tachycardia (>120 bpm)
Hypotension (mean arterial pressure <50 mmHg)
Tissue hypoxia

Altered consciousness
Coagulopathy—disseminated intravascular and/or trauma—associated

a compensatory excretion of bicarbonate to
maintain an arterial pH of 7.40-7.45. These
values need to be taken into account when
interpreting blood gases and adjusting ventilator
settings.

In trauma patients, ventilatory drive can be
reduced following drug overdose, poisoning,
alcohol ingestion, head injury, pneumothorax,
hemothorax, lung, or chest wall injury. Success-
ful management of these injuries may involve
drainage of air or blood. In pregnancy, the tho-
racic anteriorposterior diameter increases and the
diaphragm moves 4 cm cephalad. If a
thoracostomy procedure is needed, needle entry
should be made one or two intercostal spaces
higher than in non-pregnant patients to avoid
injuring the diaphragm and abdominal organs.

Cardiovascular Changes

Many of the cardiovascular changes seen in preg-
nancy can complicate the evaluation and man-
agement of pregnant trauma patients. The
enlarged uterus causes the heart to shift cephalad
and to the left. The electrocardiogram (ECG) can
show sinus tachycardia, left-axis deviation, non-
specific ST-T changes, and inverted or flattened
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T-waves. Q-waves may also be present in leads
III and avF. Premature atrial and ventricular
beats are common. As the body adjusts to
expanded circulating volume and preload, the
heart becomes hypertrophic and dilated with an
enlarged left ventricular end-diastolic volume.
Afterload, however, is reduced due to decreased
peripheral vascular resistance. The heart rate and
stroke volume begin to increase early and peak at
28-32 weeks’ gestation. Heart murmurs, such as
a pulmonary mid-systolic murmur and a
supraclavicular murmur, may be present.

As the pregnant patient prepares for the blood
loss of delivery, blood volume increases 50 %
with a 30 % increase in red cell volume. The
greater increase of plasma volume over erythro-
cyte count leads to a dilutional anemia resulting
in hemoglobin values of 9-11 g/dL. Signifi-
cantly, the pregnant patient can lose 2,000 mL
of blood (3040 % of blood volume) before she
reveals changes in heart rate or blood pressure.
As blood loss approaches 2,500 mL, rapid dete-
rioration occurs [110]. These normal physiologic
changes of pregnancy may provide better organ
perfusion and maternal tolerance of “shock” state
and may partially contribute to increased sur-
vival after traumatic injury [111].

Blood pressure is lower than normal in preg-
nancy due to the vasodilatory effects of proges-
terone and the low-resistance placental bed,
which causes a decrease in peripheral vascular
resistance that reaches its nadir at 28 weeks.
Normal mean arterial blood pressures in preg-
nancy are 80 mmHg. By the second trimester,
heart rates are mildly elevated by 15-20 bpm.
Vascular remodeling and deterioration of the
arterial media during pregnancy can predispose
the patient to vascular aneurysms and injury.
Spontaneous rupture of the aorta and coronary,
vertebral, splenic, hepatic, gastric, and renal
arteries has been reported in pregnancy indepen-
dent of traumatic injury.

Engorgement of the pelvic vasculature during
pregnancy increases the risk of retroperitoneal
hemorrhage and hematoma following lower
abdominal or pelvic trauma. At term, uterine
blood flow accounts for approximately 20 % of
cardiac output and may be up to 600 mL/min
[112]. The placenta is a large and inelastic
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vascular structure with high blood flow and low
vascular resistance, and following trauma these
changes can lead to rapid maternal and fetal
exsanguination. Uterine perfusion 1is not
autoregulated and is thus dependent on maternal
mean arterial blood pressure. Fetal distress, due
to inadequate placental perfusion, can be one of
the first indicators of maternal hemodynamic
deterioration.

By 18-20 weeks gestation, the enlarged uterus
exerts pressure on the inferior vena cava which
can restrict venous return. In the supine position,
this can reduce cardiac output by up to 30 % and
cause pallor, diaphoresis, nausea, vomiting, and
hypotension. Inferior vena caval compression
makes the saphenous and femoral veins less pref-
erable for delivering medication, but lower
extremity access is possible in emergencies. In
order to release inferior vena caval pressure and
promote venous return left uterine displacement
with either a hip wedge, tilted backboard, or
manual displacement, should be used during
resuscitation.

Coagulation

Most procoagulant factors are increased in preg-
nancy. This adaptive mechanism can be benefi-
cial in achieving hemostasis after delivery and in
trauma. Nonetheless, venous stasis, dilation of
the pelvic vessels, and endothelial damage
accompanying trauma increase the risk of throm-
boembolism, and prophylaxis is indicated.
Fibrinogen levels are normally higher in preg-
nancy, thus a low fibrinogen level (<100 mg/dL)
can be an early indication of massive hemorrhage
or disseminated intravascular coagulation. This
finding can help guide transfusion therapy.

Field Intervention and Resuscitation

Management of trauma involves a multidisci-
plinary team of paramedics, nurses, emergency
physicians,  surgeons, obstetricians, and
anesthesiologists. Evaluation and resuscitation
should follow the Advanced Trauma Life Sup-
port (ATLS) guidelines for rapid assessment and
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management of injury, which have been shown
to decrease deaths during initial stages of resus-
citation for all trauma patients [112, 113]. Modi-
fication of ATLS protocols for trauma in
pregnancy may include supplemental oxygen,
upper-extremity intravenous access, and left
uterine displacement.

Newer strategies for pre-hospital treatment of
trauma patients in the United States have been
termed “load and go” or “scoop and run,” as
opposed to the “stay and play” strategies of
Germany and France. The US strategies provide
patients with minimal life-saving treatment at the
site of injury before rapid transfer to trauma
centers. Current guidelines for field trauma indi-
cate that patients at >20 weeks pregnant should
be transported to the closest trauma center even if
they fail to meet physiologic, anatomic, or mech-
anistic injury criteria for severe injury [114].
This avoids the under triage of pregnant women
that would occur if only physiologic and ana-
tomic triage criteria considerations were applied
[115]. Injuries that are not significant to general
patients can be serious to pregnant women and
even minor injuries can lead to poor fetal
outcomes [25, 116, 117]. This has been shown
in a retrospective cohort study of approximately
10,000 deliveries that were associated with
trauma [16]. Patients with non-severe injury
scores had 7.7-fold increased risk of abruption,
a 16-fold increase in uterine rupture, a 4.9-fold
increase in maternal death, and a 2.7-fold
increase in fetal death for non-severe injuries
compared with uninjured patients.

Primary Survey

The primary survey summarizes the “ABCs” of
resuscitation: immediate attention to ‘“‘airway,
breathing, and circulation.” The trauma protocol
is completed with “D and E,” which refer to
disability assessment and exposing the patient
for identification of all injuries [6]. In the preg-
nant patient “D” should also prompt left uterine
displacement (see below and Fig. 16.3).

The primary survey is designed to be efficient
and begins with airway assessment, maintaining
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inline cervical immobilization, ascertaining that
the airway is free from obstruction and that air-
way reflexes are intact. Oral or nasal airways, or
tracheal intubation may be necessary.

Respiratory effort and rate are determined in
the spontaneously breathing patient, and high-
flow oxygen can be given via a non-rebreather
facemask to insure adequate oxygen delivery to
mother and fetus. Hyperventilation is required
for treating patients with maternal head injury
and suspected increased intracranial pressure,
but it may result in decreased uterine blood
flow. When possible, carbon dioxide tension
should be maintained within normal limits for
pregnancy.

Blood pressure and peripheral pulses can be
decreased by aortocaval compression. Left uter-
ine displacement can be achieved with tilt of a
spine board to 15° angle with a 6-in. diameter
rolled towel (or bag of crystalloid fluid) or, once
spinal injuries are ruled out, through manual
uterine displacement [117].

Early volume replacement must be achieved
to maintain placental perfusion and fetal well-
being and needs to be adjusted to reflect the
increased circulating volume of pregnancy.
Sources of bleeding should be identified and
controlled and blood pressure parameters kept
within values normal for the gestational age of
the pregnancy.

Venous access should be obtained with two
large bore peripheral intravenous catheters in the
upper extremities, particular in the setting of
aortocaval compression, but may be difficult to
obtain in hypovolemic shock. In pregnancy the
internal jugular vein overlies the carotid artery to
a greater degree than in non-pregnant patients,
making the traditional landmarks technique more
risky for carotid puncture [118]. Use of ultra-
sound and the Seldinger technique can help to
guide needle placement. Needle puncture of the
internal jugular vein is preferred over the subcla-
vian vein because it is less frequently associated
with hemo- or pneumathoraces. Obtaining
venous access through the femoral veins can
increase the risk of thromboembolism and sepsis
and should only be used in emergencies. Direct
visualization of the vessel with a cutdown



346

Airway

A.K.F. Hack

e Prepare for difficult intubation with airway edema and friability, aspiration risk, rapid desaturation

e Use smaller endotracheal tube (6-7)

Breathing

e If achest tube is needed, place in 3rd or 4™ intercostal space

Circulation
e Place 2 large bore IVs above diaphragm

Disability

e Consider eclampsia as cause of altered mental status

Displacement

e Displace uterus after 18-20 weeks to avoid aortocaval compression

Exposure
e Locate entry and exit wounds

Fig. 16.3 Primary survey in the pregnant trauma patient

technique can also be employed. Finally, the use
of interosseous needles has been reported in a
case of massive obstetric hemorrhage [119].

The brief evaluation for disability should
focus on the patient’s level of consciousness
using the Injury Severity Score or the Glasgow
Coma Scale. A more detailed evaluation of neu-
rologic injury should also evaluate pupil size and
reactivity, lateralizing signs, and level of spinal
cord injury. Eclampsia should be considered as a
reason for altered mental status or seizures.
Injury scales are not useful in prospectively
identifying those at risk for adverse fetal
outcomes, as even minor injuries are associated
with increased risk [14, 25, 26]. Indicators of
maternal hypoperfusion and hypoxia, direct uter-
ine injury, and maternal head injury have been
repeatedly associated with poor fetal outcomes.

After immobilizing the cervical spine to main-
tain the airway and providing respiratory support
and fluid resuscitation, the patient should be fully
exposed and evaluated for any missed injuries. In
the case of gunshot injury, it is mandatory to
locate entry and exit wounds.

Fluid Resuscitation
In the past 1015 years there has been a paradigm

shift regarding the best strategies to resuscitate
trauma patients before achieving definitive

surgical control of hemorrhage. Current pre-
hospital trauma life support recommends 1-2 L
of fluids be given in the field [120]. The most
recent ATLS guidelines advocate aggressive
crystalloid resuscitation as 3:1 replacement of
estimated blood loss, with administration of
fresh frozen plasma (FFP) and platelets (PLT)
when one whole blood volume had been replaced
or 1 unit FFP for every 5 units packed red blood
cells (RBC) administered [113, 121].

The dilutional effects of crystalloid adminis-
tration can affect coagulation function [122], and
large volumes can lead to acidosis, interstitial
edema, tissue swelling, dysfunction of the micro-
circulation, and impaired oxygenation [123].
Normal saline is isotonic with respect to extra-
cellular fluid and large volumes can result in a
hyperchloremic metabolic acidosis [124]. Con-
cern about water and sodium overload has led to
the notion of “small volume” resuscitation with
hypertonic saline [125]. The early use of hyper-
tonic saline for resuscitation, however, has not
improved short- or long-term outcomes, and it is
not recommended in traumatic brain injury
[126]. Balanced salt solutions, such as
Hartmann’s or Ringer’s solutions, are increas-
ingly recommended for resuscitation; they are
relatively hypotonic and use lactate, acetate, glu-
conate, or malate as anions [127]. A recent study
has shown that in the setting of hemostatic trans-
fusion, trauma patients who received restricted
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crystalloid fluids <150 mL rather than standard
fluid resuscitation had better survival [128].

Colloids interfere with coagulation more
extensively than crystalloids by reducing fibrin
polymerization. Albumin, prepared by fraction-
ation and heat-treatment of blood, is the refer-
ence colloid solution. A comparison of the use of
saline versus albumin (the SAFE Study) showed
no significant difference between the two in ICU
death rates at 28 days [129]. However, albumin
was associated with increased deaths at 2 years in
patients with traumatic brain injury due to
increased intracranial pressure in the first weeks
of treatment [130]. Hemodilution with albumin
results in a coagulopathy that is more easily
reversed with fibrinogen and factor XIII than
that of synthetic colloids [131], but it is unclear
whether specific groups of patients benefit more
from albumin resuscitation compared with
saline. Moreover, albumin is unlikely to be
widely used given its cost and problems with
storage.

Worldwide, hydroxyethyl starch (HES)
solutions are the most commonly used semi-
synthetic colloids. HES causes movement of
plasma proteins into the interstitial space,
decreases levels of factor VIII and von
Willebrand factor (vWF), decreases the function
of activated factor XIII, and inhibits platelet
function [132]. These changes are more signifi-
cant than those induced by crystalloid or colloid
treatment [133]. The HES-induced coagulopathy
can be reversed with fibrinogen and Factor XIII
which together will improve fibrin polymeri-
zation. The use of HES in resuscitation is cur-
rently controversial, as meta-analyses of HES
versus control fluids show adverse effects on
renal function and trends toward increased mor-
tality [134, 135].

Transfusion

Severe trauma often results in uncontrolled and
noncompressible microvascular bleeding which
can potentially lead to exsanguination. Resusci-
tation is a key component in trauma manage-
ment, but trauma-associated coagulopathy is
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still seen in approximately 40 % of patient deaths
[136]. So-called damage control resuscitation
strategies target conditions that worsen hemor-
rhage in these patients [137]. In 2005, The US
Army Institute of Surgical Research proposed a
resuscitation strategy for severely injured mili-
tary personnel which minimizes the use of
crystalloids and colloids and matches RBC
transfusions to FFP and PLT in an effort to treat
and prevent ongoing coagulopathy [138]. A large
study showed that patients with greater FFP:
RBC ratios (>1:2) had a decrease in short-term
and 30-day mortality without any increase in
multi-organ failure [139].

Damage control resuscitation differs from
conventional approaches by attempting to more
aggressively correct coagulation and metabolic
abnormalities in the assumption that coagulopathy
is present early. This strategy includes the use of
blood products over isotonic fluid for volume
replacement, is permissive of some degree of
hypotension, and provides early correction of
coagulation disorders by using blood component
therapy [140]. The goal of permissive hypotension
is to achieve palpable radial pulses, with the
caveat that patients with head injuries should
maintain a systolic blood pressure of
>110 mmHg [141, 142]. In addition, relative ane-
mia is permitted in the early stages of resuscitation
before hemostasis has been achieved.

Any extrapolation of data from non-pregnant
trauma patients directly to pregnant trauma
patients, or pregnant patients with massive
hemorrhage (as occurs with placenta accreta)
without taking into account the particular physi-
ologic requirements of pregnancy should be
viewed with caution, especially in light of the
increased metabolic demands of pregnancy. In a
study of postpartum patients admitted to an ICU
with severe hemorrhagic shock, 51 % percent
were found to have elevated serum levels of
cardiac troponin I (cTnl) [143]. Factors
associated with elevated troponins were hemo-
globin of <6.0 g/dL on admission, systolic blood
pressure of <88 mmHg or diastolic blood
pressure of <50 mmHg, and transfusion of >9
units of RBC within 24 h. Electrocardiogram
abnormalities have been noted in patients
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Minimize early crystalloid administration
Early use of FFP with RBC in >1:2 ratio
Early use of platelets
Aggressive treatment of coagulopathy
e antifibrinolytics—tranexamic acid
o fibrinogen concentrate
e prothrombin complex concentrate
e recombinant Factor Vlla

Fig. 16.4 Damage control resuscitation strategies in the
pregnant trauma patient

undergoing routine cesarean sections without
massive hemorrhage [144].

In the event of urgent blood transfusion in
pregnant  patients,  O-negative/Rh-negative
blood should be used in order to prevent sensiti-
zation to Rho (D) factors and erythroblastosis
fetalis in future pregnancies. Balanced adminis-
tration of warmed RBCs, FFP, and PLT is
warranted, guided by monitoring and treatment
of the coagulation abnormalities often seen with
massive hemorrhage. Frequent arterial blood gas
sampling during transfusion is necessary to pre-
vent acidosis and electrolyte abnormalities (see
Fig. 16.4) [145].

The optimal dose and timing of FFP delivery
to trauma patients remains controversial. Collec-
tive data indicate that an FFP:RBC ratio greater
than 1:2 is associated with improved survival
compared to one that is less than 1:2 [146-149].
Increased platelet administration to patients with
massive hemorrhage has also been shown to
increase survival [150].

Techniques which minimize the use of colloids
and crystalloids to avoid dilutional coagulopathy
and optimize the FFP:RBC:PLT ratio have been
employed in the case of massively bleeding
parturients with placenta accreta or extreme uter-
ine atony. Considered together, 1 unit of RBC,
one of FFP, and one pack of PLT have a hemato-
crit of 29 %, a platelet count of 85,000 cells/mL,
and coagulation factor activity of 62 % [151].
Early use of cryoprecipitate and antifibrinolytic
agents has also been advocated [152].

Massive transfusion is defined as the loss of
more than half of the circulating blood volume in
3 h or an ongoing loss of 150 mL/min. If rapid
transfusion devices are used to deliver blood
products (such as the Belmont®™ Rapid Infuser
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FMS 2000; Belmont Instrument Corporation,
Billerica, MA which can deliver 1,000 mL/min,
or the Level-1® H-1200 Fast Flow Fluid
Warmer; Smiths-Medical, St. Paul, Minnesota),
then point-of-care testing must be available to
evaluate acidosis and electrolyte imbalances
that can rapidly occur [151, 153].

Both RBC and FFP are stored in citrate-
containing solutions. A healthy adult liver can
metabolize the amount of citrate contained in 1
unit of RBCs administered every 5 min, but liver
metabolism is adversely affected by hypotension
and hypothermia. These rates of transfusion are
often exceeded in the exsanguinating patient, and
as a result the liver may be underperfused. Hypo-
calcemia, due to citrate toxicity, and
hyperkalemia from RBCs can lead to cardiac
arrest, and ionized calcium and potassium must
be measured frequently during massive transfu-
sion [145].

Other complications of large volume transfu-
sion include acute respiratory distress syndrome
(ARDS), transfusion-related acute lung injury
(TRALI), and transfusion-associated circulatory
overload (TACO), all of which are associated
with FFP and PLT administration [154]. While
there is compelling evidence supporting RBC
and FFP in the early stages of damage control
resuscitation, there are less data supporting the
aggressive use of platelets in initial therapy. Evi-
dence supporting blood replacement rather than
using isotonic crystalloids is promising but not
conclusive, and the optimal ratio for RBC:FFP:
PLT is still under investigation [155-157].
Platelets should be administered if the platelet
count falls below 50,000/pg L. In the case of
traumatic brain injury or known platelet dysfunc-
tion, a platelet count of 100,000/pg L should be
maintained [158].

Point of care viscoelastic coagulation moni-
toring, such as rotational thromboelastography
(ROTEM®; Tem  International, = Munich,
Germany) and thromboelastography (TEG®;
Haemonetics, Braintree, MA), permits rapid
assessment of clot formation, strength, and sta-
bility. This allows identification and guides treat-
ment of specific deficits in the clotting cascade in
order to reverse the effects of shock and
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endothelial dysfunction while improving coagu-
lation function [159-161].

Trauma-Induced Coagulopathy

The extent of coagulation abnormalities in
trauma patients is a significant predictor of their
prognosis. The pathophysiology of trauma-
induced coagulopathy (TIC) differs from that of
disseminated intravascular coagulation (DIC).
Blood loss, localized consumption of coagulation
factors, and hypoperfusion are contributors in
TIC [162]. Hypoperfusion induces coagulopathy
through activation of anticoagulation and fibri-
nolytic pathways [163, 164].

Hypothermia independently contributes to
coagulopathy by causing platelet dysfunction,
reduced factor activity, and initiating fibrinolysis
[165]. Active rewarming with heated blankets,
warmed IV fluids and products, and body cavity
lavage can more rapidly correct hypothermia than
the use of fabric or forced warm-air blankets.

Antifibrinolytics

Tranexamic acid (TXA) is a synthetic derivative
of lysine, which competitively inhibits the
activation of plasminogen to plasmin by binding
to sites on each molecule and preventing hyper-
fibrinolysis. In a trauma coagulopathy model
(using tissue plasminogen activator and tissue fac-
tor), TXA reversed hyperfibrinolysis and abnor-
mal thromboelastogram findings induced by
dilution with crystalloid, colloid, or HES [166].
TXA has been successfully used to minimize
hemorrhage in a wide variety of operative
settings. The randomized controlled CRASH-
2 study of 20,000+ adult trauma patients found
that administration of TXA reduced all-cause
mortality and specifically reduced deaths due to
bleeding [167]. A trial of TXA in patients with
intracranial hemorrhage and traumatic brain
injury was nested within CRASH-2. Investi-
gators found no significant reduction in intracra-
nial hemorrhage size, nor benefit or harm.
Neither of these two studies found significant

349

increases in serious prothrombotic complications
if TXA was administered within 3 h of injury
[168]. A meta-analysis of the use of TXA in
orthopedic surgery found significant reductions
in blood loss and no increased risk of deep
venous thrombosis [169].

TXA can be given orally in both the hospital
and in damage control resuscitation in the field,
and it has great potential to reduce postpartum
hemorrhage worldwide [170]. The WOMAN
Trial (World Maternal Antifibrinolytic Trial) is
a double-blind placebo-controlled trial currently
examining TXA for the treatment of postpartum
hemorrhage [171]. There are as yet no specific
reports of TXA treatment in pregnant trauma
patients, although it has been used in cesarean
section, postpartum hemorrhage, and metrorrha-
gia [172]. In a pregnant trauma patient, supple-
mentation with tranexamic acid should be
considered as part of efforts to reduce ongoing
hemorrhage and coagulopathy.

Fibrinogen

Fibrinogen levels reach critically low levels
(<100 mg/dL) before red cell transfusion is even
necessary due to loss, dilution, increased break-
down, and insufficient synthesis. Small amounts of
colloid administration (>1,000 mL) can impair
fibrinogen polymerization [122]. There is evidence
that fibrinogen supplementation helps manage
trauma-induced coagulopathy. European
recommendations call for fibrinogen repletion
when levels reach 1.5-2.0 g/L [173]. Six units of
FFP deliver roughly the same amount of fibrino-
gen as one bag of cryoprecipitate. As an alternative
to cryoprecipitate, fibrinogen concentrate can be
used and reconstituted with sterile water or saline.

Prothrombin Complex

The use of prothrombin complex concentrate
(PCC) has also been examined in trauma resusci-
tation. PCC is a formula of vitamin K-dependent
clotting factors (II, VII, IX, and X) that are
essential for thrombin formation. Reduced
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thrombin formation generally occurs when blood
losses exceed 150-200 % of estimated blood
volume [174]. Experimental and clinical data
suggest that PCC can be helpful in reversing
trauma-induced coagulopathy. One study
demonstrated that using fibrinogen concentrates
with PCC in a goal-directed manner that was
guided by thromboelastographic measurements
from ROTEM®™ made it possible to treat
coagulopathy without using FFP [175]. Should
this finding be replicated in larger and
randomized studies, it will allow resuscitation
to be undertaken without the time delay
associated with cross-matching, thawing, and
transfusing FFP [176].

Recombinant Factor Vila

The use of recombinant factor VIla (rFVlIIa,
NovoSeven™;  NovoNordisk,  Copenhagen,
Denmark) was shown to be safe and effective in
reducing the amount of blood transfused in blunt
trauma patients [177]. However, this two-armed
double-blinded randomized placebo-controlled
trial failed to show statistically significant
differences in transfusion requirements for pelvic
fractures or penetrating injuries. rFVIla has been
used to stem massive postpartum hemorrhage,
prevent cesarean hysterectomy, and treat
disseminated intravascular coagulation in preg-
nant patients [178—181]. As yet there are no
robust data or guidelines for its broad use in
obstetric patients. Existing hypothermia, acido-
sis, hypofibrinogenemia, and thrombocytopenia
should be corrected before rFVIla use is consid-
ered. It should not be used to compensate for
inadequate transfusion and factor therapy, but
may have a role to play along with timely and
targeted coagulation factors, fibrinogen, and sys-
tematic antifibrinolytics in trauma-induced
coagulopathy [182].

Anti-shock Garments

Anti-shock garments, such as Military Anti-
Shock Trousers (MAST) or Pneumatic Anti-
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Shock Garment (PASG), are currently not
recommended for massive antepartum hemor-
rhage due to concerns about restricting pelvic
blood flow and uterine perfusion. If they are
used in the undelivered pregnant patient, only
the lower extremity portion should be inflated.
They are considered a Class III intervention in
non-pregnant patients and current indications
are: (1) to splint and provide control of bleeding
from pelvic fractures; and (2) to stabilize patients
with intra-abdominal trauma and severe
hypovolemia during transport [183]. Indications
for using anti-shock devices include signs of
severe hemorrhagic shock with systolic blood
pressure <80 mmHg, unconsciousness, and
absent or weak radial pulses after uterine dis-
placement. Leg compartments should be inflated
to 50 mmHg and the patient reassessed. Further
inflation may be required if shock persists.
Sequential deflation should occur only in a hos-
pital setting after upper-extremity intravenous
lines are secure and definitive management of
the causes of hemorrhage has occurred.
Anti-shock garments can reduce uterine per-
fusion and increase cardiac workload, and they
are poorly tolerated in patients with mitral steno-
sis, congestive heart failure, or pulmonary hyper-
tension [4]. Use of MAST may delay
transportation to trauma centers and worsen the
outcomes of thoracic and abdominal injuries
[183]. Anti-shock garments are relatively
contraindicated in obstetric trauma, but in low
resource setting they may be useful as adjuncts in
controlling severe postpartum hemorrhage or in
cases of ruptured ectopic pregnancies [184].
Non-pneumatic Anti-Shock Garments (NASG)
may be used to stabilize hypovolemic shock in
postpartum hemorrhage. Each light and washable
neoprene device has three segments to cover
each leg and one to cover the pelvis. A third
segment is provided with a foam compression
ball to cover the abdomen. Using Velcro®
closures, the garment provides 2040 mmHg cir-
cumferential counterpressure to shunt blood to
core organs. Special training is not required for
its use, and uterine and vaginal procedures can be
performed with the NASG in place [185, 186].
They have been shown to reduce internal iliac
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Complete maternal history and/or exam
e Mechanism of injury
Medications/allergies
Last menstrual period
Presence or absence of contractions

Fetal Evaluation
e Fetal Movement
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Abdominal pain/vaginal bleeding/rupture of membranes

e Check fetal heart rate—continuous fetal heart rate after 23—24 weeks for minimum 4—6 hours
e Biophysical profile and/or middle cerebral artery Doppler

Focused Assessment with Sonography in Trauma (FAST)

Labs and Imaging

Fig. 16.5 Secondary survey in the pregnant trauma patient

blood flow, indicating a mechanism for
stabilizing uterine hemorrhage when all three
compartments are deployed [187].

Secondary Survey

After confirming the hemodynamic stability of the
mother and fetus, the universal secondary survey
should be performed, with particular attention
given to pregnancy-related findings: fetal well-
being and placental injury (see Fig. 16.5).

Information should be elicited about the
mechanism of injury; for example, the type of
weapon used (if any), the use of drugs or alcohol
or the use of seatbelts in motor vehicle accidents.
A past medical and obstetric history should
include the last menstrual period, current or pre-
vious pregnancy complications, and estimated
gestational age.

Using McDonald’s rule for uterine growth, at
approximately 23-24 weeks the fundus can be
palpated at the umbilicus and an injury at this
gestational age should prompt fetal monitoring
which should be continued for at least 46 h
[96]. Continuous fetal monitoring is more sensi-
tive in detecting placental abruption than ultraso-
nography, Kleihauer-Betke testing, or physical
examination. A decision to cease fetal monitoring
should be made in consultation with obstetricians,
and should take into account the presence of uter-
ine contractions, fetal well-being, and plans for
operative delivery.

Uterine monitoring should commence when
gestational age is >20 weeks. Recurrent uterine

contractions with cervical change suggest pre-
term labor. More than four contractions per
hour may signal placental abruption.

The secondary survey should involve a sterile
speculum exam to look for vaginal lacerations or
bony fragments, which may indicate pelvic frac-
ture. If fluid is present, its pH should be deter-
mined; pH 7.0 indicates amniotic fluid and
pH 5.0 indicates normal vaginal secretions.
Fluid can also be evaluated for nitrazine color-
change, ferning, and the presence of fetal fibro-
nectin. In addition, newer bedside tests for
insulin-like growth factor-binding protein-1
(IGFBP-1) and placental alpha-microglobulin-1
(PAMG-1) can be considered; they may be more
accurate in detecting membrane rupture [188,
189]. If vaginal bleeding is present in a second
or third trimester trauma patient, a vaginal exam
should be deferred until placenta previa can be
excluded by ultrasound. The exam should be
postponed until a double set-up for emergency
cesarean section is available.

Maternal and Fetal Monitoring

Standard noninvasive monitoring of the pregnant
trauma patient includes pulse oximetry, electro-
cardiography, blood pressure monitoring, tem-
perature measurement, together with monitoring
of the fetal heart rate and uterine tocodynamo-
metry when necessary. An indwelling urinary
catheter should be inserted to measure hourly
urine output. Invasive arterial monitoring is
indicated if there is persistent hypotension,
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hypoxia, or labile blood pressure; it provides a
means for periodic arterial blood sampling and
gas analysis. Pulmonary artery catheters are cur-
rently used less frequently in general critical care
patients. In obstetric patients, they are more com-
monly used in those with pulmonary edema,
known severe mitral or aortic stenosis, NYHA
class III-IV disease in labor, intrapartum or
intraoperative cardiac failure, shock or adult
respiratory distress syndrome. In patients who
are intubated, tidal volume, airway pressure,
and end-tidal carbon dioxide should be moni-
tored. If a volatile anesthetic agent is used, the
end-tidal concentration should be observed.
Monitoring of cardiac function through
transesophageal echocardiography may also be
useful.

The fetal heart rate tracing should be recorded
in all pregnancies above 20 weeks and recorded
continuously at viability. Fetal heart rate tracings
which indicate distress (i.e., Category II or
Category III [190]), or a low biophysical profile
score should prompt suspicion of maternal
hypovolemia, placental abruption, or feto-
maternal hemorrhage.

Laboratory Tests

Initial laboratory tests in the pregnant trauma
patient should include: complete blood count,
basic metabolic panel with electrolytes and glu-
cose, type and crossmatch, Rh status, coagulation
profile, fibrinogen, liver function tests, blood lac-
tate, toxicology screen, Kleihauer-Betke (KB)
test, urinary protein, blood, bilirubin and glucose
and urine osmolality or specific gravity. An arte-
rial blood gas should be evaluated if respiratory
function is compromised. All laboratory values
should be measured against “normal” parameters
for pregnant patients. Care must be taken in
interpreting the results; for example, low
platelets could be a sign of hypertensive diseases
of pregnancy (see Fig. 16.6).

In the pregnant trauma patient, Rh typing is
necessary. As little as 0.01 mL of fetal blood can
cause sensitization in the Rh-negative mother
[191]. The KB test can be used to quantify fetal
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hemoglobin in the maternal circulation. A positive
KB test (>0.01 mL of fetal RBC) has been
associated with significant fetomaternal hemor-
rhage and preterm labor. All Rh-negative women
should be treated with Rh-immune globulin
within 72 h (300 pg initially and an additional
300 pg for each 30 mL of estimated fetomaternal
transfusion). A positive KB test should be
repeated in 2448 h to investigate ongoing hem-
orrhage. In the future, anti-fetal hemoglobin (anti-
HbF) flow cytometry may prove to be a more
reliable and easily standardized test [192, 193].
While the utility of KB testing in Rh-positive
patients has been questioned, it has been found to
be a reliable independent predictor of preterm
labor after trauma and the test should be obtained
in all patients. Fetal middle cerebral artery Dopp-
ler testing may be considered when significant
fetomaternal hemorrhage is suspected [194].
Fetal anemia can be rapidly detected and treated
in cases where immediate delivery is not
anticipated and lethal fetal hydrops prevented.

Imaging

The ATLS recommends radiographs of the cer-
vical spine, chest, and pelvis. Concern about
effects of ionizing radiation should not prevent
medically indicated maternal X-rays. During the
period of organogenesis (4—10 weeks), ionizing
radiation is most likely to cause congenital
malformations. A fetus is most susceptible to
radiation-induced developmental delay from 10
to 17 weeks. Non-cancer fetal injuries diminish
with increasing gestational age. Theoretical risks
associated with radiation exposure at any time
during pregnancy include an increased incidence
of childhood leukemia (absolute risk ~1:2,000).
Exposure to less than 5 rad (50 mGy), however,
has not been associated with an increase in fetal
anomalies or pregnancy loss and this is deemed a
safe level throughout the gestation.

If multiple diagnostic studies are performed,
consultation with a radiologist should be consid-
ered for calculating the estimated fetal exposure.
The uterus should be shielded as much as possible
and using a posterior-anterior exposure can
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Fig. 16.6 Initial
laboratory evaluation of the
pregnant trauma patient

Serum amylase

increase the distance from the anterior uterus to
the radiation source [195]. If computed tomogra-
phy is necessary, it can be performed with fewer
slices, reduced current, or increased pitch. The
interventional radiologist can use several
techniques to minimize fluoroscopy time,
decrease the fluoroscopy frame rates, and mini-
mize image magnification [196]. Lead shields and
internal shielding (with barium) should be used as
much as possible [197]. Magnetic resonance
imaging (MRI) and ultrasonography during preg-
nancy have not been associated with any adverse
effects and there is no evidence of teratogenicity
with gadolinium, a paramagnetic ion administered
for contrast definition in MRIs [198].

Focused abdominal sonography for trauma
(FAST) can be useful in patients who have expe-
rienced blunt trauma. FAST provides evidence of
free fluid in four areas: the subxiphoid, the right
and left upper quadrants, and the suprapublic
area. In pregnant patients, it has a sensitivity of
80-83 % and specificity of 98-100 % in
detecting intraperitoneal fluid [199, 200]. It can
also be used to establish the diagnosis of an
unknown pregnancy [201]. FAST can often
reduce the need for multiple radiographic imag-
ing studies, but it is of limited use in detecting
maternal injuries such as arterial hemorrhage
[202].

Bedside ultrasound and rapid computed
tomography scans have largely rendered diag-
nostic peritoneal lavage unnecessary. In
resource-limited settings, however, these tests
can be performed safely using a supra-umbilical
open technique [203, 204].
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Blood type, cross—match, Rh status

Complete blood count (hemoglobin, white blood cell count, platelet count)
Coagulation profile (prothrombin and partial thromboplastin time)
Fibrinogen concentration and fibrinogen split products (D—dimer)

Serum electrolytes

Serum glucose level

Liver function tests

Serum lactate and urate

Toxicology screen

Arterial blood gas (pH, PaO2, PaCO2, bicarbonate, base deficit)
Kleihauer—Betke test

Urinary protein, blood, bilirubin, and glucose

Urine specific gravity or urine osmolality

Specific Management Issues
Traumatic Brain Injury

As indicated above, resuscitation with crystalloids
instead of colloids is preferable in traumatic brain
injury. Specific techniques to elevate the head and
minimize head and neck flexion encourage venous
drainage and decrease elevated intracranial pres-
sure. In pregnant trauma patients, hypoventilation
should be avoided because it can decrease uterine
blood flow by decreasing maternal cardiac output
and blood pressure and by causing uterine
vasoconstriction. PaCO, should be maintained
within the normal range for pregnancy with a
baroprotective ventilation strategy. Aggressive
resuscitation to prevent hypotension and hypoxia
is necessary to maintain perfusion of the brain and
other vital organs.

Spinal Cord Injuries

Traumatic injuries to the spinal cord have
implications for pregnant patients. Of the
12,000 women of childbearing age who sustain
spinal cord injuries per year, 2,000 become preg-
nant in any given year [205]. Roughly 14 % of
these women will have at least one pregnancy
after being injured [206]. Should the spinal injury
occur above the T5-T6 level, the patient is at risk
of developing autonomic dysreflexia (AD) or
hyperreflexia. In patients with this condition,
noxious stimuli below the level of injury result
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in unopposed sympathetic activity, piloerection,
vasoconstriction, and pallor below the level of
injury. Above the level of injury, unopposed para-
sympathetic activity can cause flushing, sweating,
pupillary constriction, and nasal congestion.
Without treatment, autonomic hyperflexia can
lead to seizures, retinal hemorrhage, pulmonary
edema, renal insufficiency, myocardial infarction,
cerebral hemorrhage, and death [207].

A review of cases of spinal cord injury in
pregnancy found rates for vaginal delivery,
assisted vaginal delivery, and cesarean section
were 37 %, 31 %, and 32 %, respectively [208].
Invasive hemodynamic monitoring may be
indicated in these patients [209]. Initial manage-
ment of autonomic dysreflexia includes elevating
the head of the bed, loosening tight clothing,
emptying bowel and rectum, and eliminating
any triggering stimulus if possible [210]. Rapidly
acting vasodilators, such as sublingual nitrates,
oral clonidine, or topical nitropaste can be used in
an outpatient setting and the medications can be
changed to intravenous vasodilators or ganglionic
blockers in an intensive care unit setting [211].

In labor and delivery, the pain of uterine
contractions can be a stimulant for AD, which
can be attenuated by administration of spinal, or
epidural anesthesia. Further blood pressure man-
agement can be achieved with sodium nitro-
prusside or trinitroglycerin as needed [212, 213].
In most patients, confirmation of spinal anesthesia
can be confirmed by the absence of a Babinski
sign and the patellar tendon reflex and the loss of
spasticity, although determining the exact level of
block can be difficult [213]. Finally, additional
care must be taken to prevent ascending urinary
tract infections and thromboembolic events in
pregnant women with spinal cord injuries [214].

Respiratory Failure and Extracorporeal
Lung Support

Thoracic trauma and massive transfusion are
independent risk factors for acute lung injury
that may be refractory to conventional therapy.
Approximately 4.6 % of all trauma patients
develop adult respiratory distress syndrome
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[154]. The use of extracorporeal membrane
oxygenation (ECMO) in acute lung injury
remains controversial, and data on its benefits
compared with conventional treatment are lim-
ited. The use of ECMO in trauma is hindered by
concerns over hemorrhage during cannulation in
the presence of trauma-induced coagulopathy,
contraindications to anticoagulation, decreased
venous return as a result of abdominal packing
in damage-control surgery, and risk of iatrogenic
intracranial hemorrhage [215].

A retrospective analysis of ten non-pregnant
trauma patients who were treated with either
high-flow ECMO or interventional lung assist in
one center showed survival in six out of ten
patients, indicating that extracorporeal gas
exchange can be considered as rescue therapy
in adult trauma patients. In another 10-year ret-
rospective analysis of chest trauma patients
treated with ECMO, the overall survival rate
was 79 % [216].

There is only one case report of successful
ECMO therapy in a pregnant trauma patient
who developed ARDS [217]. However,
pumpless and pump-driven extracorporeal lung
support systems have been used to treat pregnant
women with ARDS due to influenza and pneu-
monia, with successful maternal and neonatal
outcomes [218-221]. ECMO has also been
employed in cases of massive thromboembolism/
amniotic fluid embolism and peripartum cardio-
myopathy [222-224]. Recognizing the need to
maintain aortocaval blood flow during medical
procedures, a technique for venous ECMO cannu-
lation has been described for left uterine displace-
ment during late pregnancy [225]. Extracorporeal
lung support should be considered as salvage
therapy in pregnant patients with severe thoracic
trauma and acute lung injury.

Analgesia

All pregnant trauma patients should receive ade-
quate analgesia. Pain causes high levels of
circulating catecholamines, which can reduce
placental blood flow. Opioids cause a reduction
in fetal heart rate variability and the obstetrician
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and neonatal team should be informed whenever
they are given. Remifentanil, an ultra short-
acting synthetic opioid rapidly metabolized by
nonspecific plasma and tissue esterases, can be
used if imminent delivery is suspected and avoid-
ance of neonatal respiratory depression deemed
is a priority.

Nonsteroidal anti-inflammatory medications
should generally be avoided because of their
effects on platelet and renal function. They are
also relatively contraindicated late in gestation
because of risk of fetal ductus arteriosus closure.
Intravenous acetaminophen may be used to min-
imize total opiate doses. Regional anesthetic
techniques can be used in cases where there are
no coagulation abnormalities.

Thromboprophylaxis

Trauma patients in general are at risk of throm-
botic events. Orthopedic injuries and immobility
independently contribute to elevated risk for
blood clots. Recent research indicates patients
develop a hypercoagulable state 48 h after blunt
injury to abdominal organs and that fibrinogen
plays an important role in clot strength [226,
227]. Specific venous thromboembolic prophy-
laxis regimens have not been established in non-
pregnant trauma patients and routine thrombopro-
phylaxis after trauma remains debated. Coagula-
tion changes of pregnancy, however, predispose
women to thromboembolism even without injury.
All pregnant trauma patients should receive
thromboembolic prophylaxis after hemostasis is
obtained. Unfractionated heparins and low molec-
ular weight heparin are too large to cross the
placenta and are safe for the fetus.

Antibiotic and Tetanus Prophylaxis

All patients with traumatic injuries should
receive antibiotic prophylaxis. If emergency lap-
arotomy is necessary, antibiotics should cover
streptococcal, staphylococcal, clostridial, and
polymicrobial infections [20]. If massive trans-
fusion is required, care must be taken to
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administer antibiotics at intervals that are suffi-
cient to maintain adequate tissue levels.

In addition to antibiotics, patients who have
tetanus-prone wounds should be given 0.5 mL of
tetanus toxoid if they have not received a booster
dose within the past 5 years. If they have never
been immunized with tetanus toxoid and have a
high-risk injury, they should receive an additional
500 units of tetanus immunoglobulin intramuscu-
larly [30]. A tetanus-prone wound is an injury or
burn that requires surgical intervention due to a
treatment delay greater than 6 h. Injuries with a
significant degree of devitalized tissue, puncture-
type injuries (particularly when contaminated with
soil or manure, as might be found with farm equip-
ment), and animal bites are also at risk. Wounds
containing foreign bodies, compound fractures,
and injuries in patients who have systemic sepsis
are prone to tetanus infection.

Pregnancy-Related Management Issues

Hypertensive disease in pregnancy is typically
marked by elevated blood pressure and protein-
uria. A patient with preeclampsia may have a
normal or an unexpectedly elevated blood pres-
sure in the setting of significant blood losses
related to injury. In a pregnant woman with
trauma, a near normal blood pressure in associa-
tion with proteinuria, abnormal liver enzymes,
elevated serum uric acid and otherwise unex-
plained thrombocytopenia should suggest the
possibility of underlying preeclampsia. Seizures
after traumatic brain injury in a pregnant patient
with the same findings should prompt consider-
ation of eclampsia, and intravenous magnesium
sulfate therapy should be initiated. In trauma
patients with suspected preeclampsia, blood
pressure should be supported at a level that
maintains adequate uterine perfusion and relative
hypotension should be avoided.

Fetal Delivery

Delivery of the fetus may be required in the
setting of placental abruption, uterine rupture,
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maternal shock, or fetal intolerance to maternal
trauma surgery. The fetal heart rate is a sensitive
indicator of placental perfusion and a fetal heart
rate tracing that is not reassuring (i.e., Category
II or Category III) or does not recover with
maternal resuscitation and uterine displacement
should prompt immediate delivery. Continued
maternal instability in the face of ongoing resus-
citation or cardiac arrest is also an indication for
fetal delivery. Relief of aortocaval compression
by delivery will increase cardiac output by
approximately 60-80 %, decrease oxygen
requirements, improve ventilation, and make car-
diopulmonary resuscitation more effective [228].

Cardiac Arrest and Perimortem
Cesarean Delivery

The global incidence of maternal cardiac arrest is
unknown due to lack of reliable reporting and
differences in standards of perinatal care. Mater-
nal cardiac arrest is rare, but it appears to have
increased in incidence from 2.20 to 2.37 per
100,000 maternities according to the most recent
data from the United Kingdom’s Confidential
Enquiry into Maternal Deaths [228]. Following
cardiac arrest, the American Heart Association
(AHA) recommends urgent operative delivery
within 4 min. Perimortem cesarean section is
defined as cesarean delivery initiated after mater-
nal arrest [230].

In developing countries, hemorrhage and sep-
sis are the most frequent contributors to maternal
cardiac arrest and death. Cardiac disease is now
the most common cause of maternal arrest in
developed countries, exceeding hemorrhage,
thromboembolism, and sepsis. Direct causes of
cardiac arrest include eclampsia, hemorrhage,
thromboembolism, and amniotic fluid embolism.
Indirect causes include underlying cardiac dis-
ease, sepsis, malignancy, and trauma. Anesthetic
causes such as airway failure and local anesthetic
toxicity may be contributing factors.

Resuscitation efforts during pregnancy should
take into account the physiologic changes of
pregnancy (see Fig. 16.7) [231]. Because
aortocaval compression reduces cardiac output,
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thoracic compressions need to be given with the
uterus displaced 15-30°. Wedges, such as the
Cardiff Resuscitation Wedge, have been
designed to produce an adequate degree of tilt,
but they are seldom available [232]. Manual dis-
placement of the uterus may be superior to tilting
the entire patient or raising the right hip to
achieve left uterine displacement, and can be
easily accomplished [233-236]. The force of
compressions needs to be increased when the
patient is no longer supine. When the body is
tilted at 27° for uterine displacement, the force
of adequate chest compressions is reduced to
80 % of that when the patient is flat. Chest
compressions should be performed 2-3 fingers
above the xiphoid in the midsternum to avoid
injury to the uterine fundus, liver, or spleen.

Paddle placement for defibrillation must
account for enlarged breasts, but thoracic imped-
ance remains unchanged and normal defibrillator
current settings can be used [237]. Similarly,
standard doses of ACLS drugs should be used;
the benefits of restoring maternal circulation out-
weigh the risk of uteroplacental vasoconstriction.
However, the volume of drug distribution and
drug metabolism differs in pregnancy, and higher
doses should be considered if standard doses do
not yield an adequate response [238].

In cases of cardiac arrest, cesarean delivery
should be considered when the fetus is estimated
to be beyond 20 weeks gestation and the uterus is
palpable at the umbilicus. It is vital that CPR be
continued during cesarean section. Fetal delivery
during maternal arrest has been shown to improve
overall maternal and fetal outcomes. Maternal and
fetal survival rates have been reported to be 72 %
and 45 %, respectively, in cases of non-traumatic
maternal cardiac arrest [239]. A review of mater-
nal cardiac arrests noted that 12 out of 20 mothers
who experienced cardiac arrest had improved
hemodynamics or a return to spontaneous circula-
tion following urgent cesarean section [240].
Evacuation of the uterus relieves aortocaval com-
pression, provides autotransfusion of the uterine
blood, decreases maternal metabolic
requirements, and improves ventilation.

Prompt delivery of the fetus increases the
likelihood of intact neurologic function in
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Chest compressions
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e Hand placement mid—sternum, 2—-3 finger-breadths higher
e Uterus displaced after 18—-20 weeks with wedge, manual displacement, or tilted backboard

Defibrillation
e Paddle placement unchanged
e Current unchanged

Drugs
e Doses unchanged

Delivery

e Plan for perimortem cesarean delivery within 4 minutes

Fig. 16.7 Cardiopulmonary resuscitation

neonates [241, 242]. Data from patients who
experienced cardiac arrest after amniotic fluid
embolism show that 98 % of fetuses had intact
neurologic function if delivered within 5 min,
83 % had intact neurologic function if delivered
within 6-15 min, but none had neurologic func-
tion if delivered 36+ min after maternal amniotic
fluid embolism [243]. Unfortunately, in cases of
traumatic hypovolemic cardiac arrest, fetal
outcomes are likely to be worse because the
fetus has already suffered prolonged hypoxia
prior to the maternal arrest.

An analysis of case reports of maternal cardiac
arrest indicates that a 4-min time frame for emer-
gency hysterotomy was not met in 93 % of cases,
yet the neonatal survival rate was still 50 %, and
this included cases in which the fetus was deliv-
ered 10 min after the arrest began [244]. This
analysis also indicated that cesarean delivery dur-
ing maternal arrest provided clear improvement in
maternal hemodynamics in only 31.7 % of cases,
which may reflect prolonged arrest times prior to
initiation of cesarean section. Currently, one-third
of women who die during pregnancy remain
undelivered at time of death. It is unclear whether
cesarean section during maternal arrest might
increase the number of viable fetuses who would
otherwise have remained undelivered [245].

Where cesarean delivery during arrest should
be performed is subject to debate. In a
mannequin-based study of simulated maternal
arrest, maternal transport impaired the quality
of the resuscitation [246]. During cardiac arrest,
hemorrhage is minimal and definitive surgical
hemostasis and antibiotic therapy can be

completed in the operating room after spontane-
ous circulation is restored. If resources are avail-
able emergency cesarean sections should be
performed where the arrest occurs.

In cases of maternal arrest with return to
spontaneous circulation, therapeutic hypother-
mia may be considered if coagulation parameters
are normal. The AHA recommends considering
therapeutic hypothermia in the undelivered
patient with continuous fetal monitoring [116].
Occasionally resuscitation is successful, but the
patient has irreversible brain damage and
remains undelivered. Several case reports show
that such patients may deliver viable fetuses even
though they sustained their injuries as early as
the 15th week of pregnancy [247-249].

Anesthetic Management

The anesthetic care of the pregnant trauma
patient combines the principles of trauma resus-
citation with the anesthetic management of preg-
nant women undergoing non-obstetric surgery.
Uteroplacental perfusion and maternal hemody-
namics must be maintained in order to optimize
maternal and fetal outcomes. The specific anes-
thesia techniques employed will depend on the
nature of the patient’s injuries.

Induction and Intubation

All pregnant trauma patients should receive ant-
acid prophylaxis if possible prior to intubation.
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After denitrogenation with 100 % oxygen, a
rapid sequence induction with cricoid pressure
is preferred, if conditions permit. Airway man-
agement in pregnancy and trauma poses
increased risks and additional airway equipment
should be available. Pregnant patients >18-20
weeks gestation should be placed in left uterine
displacement to prevent aortocaval compression
and optimize placental perfusion.

Most drugs for induction are considered safe
for use in pregnant trauma patients. The choice of
induction agents includes etomidate or ketamine.
In hypotensive patients with ongoing hemor-
rhage, they provide better blood pressure support
than thiopental or propofol. Ketamine should be
avoided in patients with traumatic head injuries
because it may increase intracranial pressure. It
can also cause myocardial depression in patients
with severe hypovolemia and in large doses it has
caused increased uterine tone in pregnant ewes
[250]. Opiates such as remifentanil or fentanyl
can be used to supplement the induction agent.
Neuromuscular blockade can be achieved with
succinylcholine or rocuronium. Once endotra-
cheal intubation has been achieved, an oro- or
nasogastric tube should be passed to decompress
the stomach. When muscle tone has recovered,
muscle relaxation can be re-initiated and
maintained with a nondepolarizing muscle relax-
ant guided by peripheral nerve monitoring.

Maintenance of Anesthesia

A balanced anesthetic technique using a volatile
agent, opioids, and neuromuscular blockade is
favored to maintain maternal hemodynamics
during trauma surgery. If a volatile anesthetic is
contraindicated because of hypotension, an opi-
ate such as fentanyl and an antianxiolytic agent
should be used until a volatile agent can be safely
administered. Nitrous oxide should be limited in
trauma cases in which there is a possibility of
pneumothorax. In its absence, nitrous oxide can
be considered to help minimize the use of vola-
tile agents in postpartum patients, thus reducing
the risk of uterine atony and ongoing
hemorrhage.
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If the fetus is between 20 and 23 weeks fetal
heart rate should be evaluated prior to induction
and after surgery is completed. If the fetus
greater than 23 weeks, intraoperative fetal moni-
toring can detect fetal distress that might indicate
a need for urgent cesarean section. Continuous
fetal monitoring is contingent on adequate
facilities, the availability of trained personnel to
interpret the heart rate tracing in the operating
room, and an obstetrical team that is immediately
ready for cesarean delivery.

If a cesarean delivery is performed, uterotonic
agents should be immediately available. An oxy-
tocin infusion should be started after the fetus is
delivered. A slow intravenous drip is preferred to
a bolus dose because rapid infusion can cause
vasodilation and hypotension. In order to mini-
mize ongoing bleeding, high-concentrations of
volatile anesthetic agents should be avoided.
Additional uterotonic agents such as prostaglan-
din E1, prostaglandin F2 alpha, and methyl ergo-
novine may be used if oxytocin alone proves
insufficient.

Intraoperative fluid therapy should be guided
by the preoperative fluid status, preoperative and
intraoperative blood losses, maternal hemody-
namics, urine output, and additional information
from transesophageal echocardiography (TEE),
or central venous pressure monitoring. Early
treatment of hemorrhage and coagulopathy is
vital. If massive hemorrhage occurs,
intraoperative red blood cell salvage can be
achieved with a Cell Saver® (Haemonetics Cor-
poration, Braintree, Massachusetts), with care to
avoid collection of amniotic fluid. A rapid
infuser should be used to assist transfusion
management.

Conclusion

The global burden of trauma mortality is
greater than the mortality burden attributed
to HIV/AIDS, malaria, and tuberculosis com-
bined. In the United States, maternal mortality
from traumatic injury exceeds direct
pregnancy-related causes of death.

Motor vehicle accidents and intimate part-
ner violence remain leading causes of mater-
nal trauma. Providing information on
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Transport and stabilize in trauma center
e protect brain and spinal cord

Monitor maternal vital signs and fetal heart rate

Restore maternal tissue perfusion and oxygenation
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e resuscitate with FFP and RBC transfusion in ratio > 1:2

Prevent and treat coaguloapthy
e prevent hypothermia

o early use of antifibrinolytics, fibrinogen concentrate, prothrombin complex, rFactorVlla

Optimize uteroplacental blood flow and fetal well-being

e uterine displacement
e supplemental oxygen

Prevent preterm labor
e tocolysis

Prepare for emergency cesarean delivery

o Fetal deterioration with gestation > 23—-24 weeks
e maternal deterioration with fetus > 23-24 weeks

e maternal arrest

Fig. 16.8 Management strategies for pregnant trauma patients

seatbelts during prenatal visits can help pre-
vent injury related to absent or improper seat
belt use. Similarly, routine questions about
substance and alcohol use, and exposure to
intimate partner violence can enable appropri-
ate referral and assistance.

Maternal and fetal outcomes of trauma are
often poor and fetal outcomes do not corre-
spond with severity of maternal injury. All
women of childbearing age who experience
trauma should be evaluated for possible preg-
nancy. Pregnant women who are discharged
following their initial injury should be consid-
ered high-risk patients for the remainder of
their pregnancy.

Pregnancy involves significant alterations
in maternal physiology that directly influence
the evaluation and management of trauma
(see Fig. 16.8). Cardiovascular and hemato-
logic changes clinically compensate for hem-
orrhage, but can delay recognition of the
extent of injury. Airway, cardiovascular, and
respiratory changes affect the use of ATLS
protocols. Uterine displacement to relieve
aortocaval compression must be established
for all patients with pregnancies of 18-20
weeks or greater.

Fluid resuscitation and blood transfusion
should be guided by maternal needs and
blood pressure supported at levels that opti-
mize fetal well-being. All pregnant patients
who require emergency transfusion should
receive O-negative/Rh-negative blood to
avoid Rho sensitization. Trauma-induced
coagulopathies should be aggressive treated
and may require use of tranexamic acid, fibrin-
ogen, or prothrombin complex concentrate.

All pregnant women with trauma should be
evaluated for fetomaternal hemorrhage. Rh
immune globulin should be administered if
fetomaternal hemorrhage is suspected. The
fetal heart rate should be recorded for all
pregnancies above 20 weeks. Continuous
fetal heart rate monitoring should be initiated
for pregnancies greater than 23-24 weeks and
it should be maintained for at least 6 h during
the trauma hospitalization.

If pregnant women require diagnostic
imaging, care must be taken to shield the
uterus. Following trauma, they should also
receive thromboprophylaxis, antibiotics, and
tetanus prophylaxis when indicated.

If a pregnant trauma patient suffers a car-
diac arrest after 20 weeks gestation, chest
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compressions must be performed with uterine
displacement. As soon as the arrest occurs, a
cesarean section for fetuses >23-24 weeks
should be initiated within 4 min. Cesarean
delivery of nonviable or dead fetuses should
also be considered as it can improve maternal
hemodynamics and prompt return to sponta-
neous circulation.

Anesthesiologists may have more knowl-
edge of the pregnant patient than other
members of a trauma team. As such, they
can play a critical role in integrating their
understanding of the physiologic changes of
pregnancy with the life support and trauma
protocols needed to reduce morbidity and
mortality in pregnant women who experience
trauma.
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