KEY CONCEPTS

e Female trauma patients of reproductive potential should be screened for
pregnancy and assumed to be pregnant until proven otherwise.

e Management of life- and limb-threatening injury in the mother comes first.
Saving the mother provides the best chance of saving the baby.

e Even in the stable pregnant trauma patient, the fetus is at increased risk of
morbidity and mortality; therefore, the fetus should be monitored by cardio-
tocography continuously for a minimum of 4 hours after any trauma.

e The fetus is considered viable between 22 to 24 weeks' gestation (>500
grams). This usually corresponds to when the fundus is at or above the umbili-
cus.

e Alterations in anatomy and physiology that occur during pregnancy alter the
pattern of injuries in trauma and the clinical findings related to blood loss,
which may mask injuries, making a systematic approach essential.

e Keeping the mother tilted 15 to 30 degrees to the left, or manually displac-
ing the uterus leftward, in any pregnancy of 20 weeks' gestation or greater
is recommended to alleviate hypotension due to aortocaval compression in
order to improve maternal and fetal perfusion.

e Resuscitative hysterotomy should be initiated for a potentially viable fetus
(fundus above the umbilicus) within 4 minutes and completed in 5 minutes
after the onset of cardiopulmonary arrest and no return of spontaneous
circulation (ROSC) for optimal maternal and fetal benefits.

e The use of ionizing radiation to the pregnant patient, including CT and plain
radiography, should be minimized, but imaging should not be withheld if
it may provide significant diagnostic information. In certain circumstances
ultrasound, MRI, or a period of observation can preclude the need for ioniz-
ing radiation.

FOUNDATIONS

Trauma, both intentional and unintentional, occurs in up to 8% of all
pregnancies and is the leading nonobstetric cause of maternal death.!-
3 The most common causes of injury in pregnancy are motor vehicle
collisions (MVCs), interpersonal violence, and falls. Trauma in preg-
nancy increases the risk of spontaneous abortion, preterm rupture of
membranes, preterm birth, uterine rupture, cesarean delivery, placen-
tal abruption, and stillbirth. Because some woman are not aware they
are pregnant when they present to a trauma center, all women of repro-
ductive potential should be screened for pregnancy.

Commonly used thresholds of fetal viability are an estimated ges-
tational age between 22 and 24 weeks or an estimated fetal weight of
500 gr. Only viable fetuses are monitored, because no obstetric inter-
vention will alter the outcome with a previable fetus. Counseling on
proper seatbelt and alcohol/drug use as well as screening for interper-
sonal violence may help to reduce the morbidity and mortality rates
for pregnant patients.* Although the essential principles of trauma
management remain unchanged in the pregnant patient, there are
special considerations in the management of these patients due to the
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gravid uterus altering the pattern of injury, and changes in physiology
and anatomy that affect multiple organ systems. Although there are
two lives involved, maternal life takes priority and fetal outcomes are
directly correlated with early and rapid maternal resuscitation.’

Anatomic Changes in Pregnancy

The uterus remains an intrapelvic organ until approximately the 12th
week of gestation. It reaches the umbilicus by 20 weeks and the costal
margins by 34 to 36 weeks. At term, the uterus has often enlarged by
30 cm and has increased fifteen-fold in weight, which alters the normal
anatomic location and function of multiple structures. The diaphragm
progressively rises in pregnancy with compensatory flaring of the ribs,
which may predispose to pneumothorax and a faster progression to
tension pneumothorax. A thoracostomy done in the third trimester
requires that the chest tube be placed one or two interspaces higher
than the usual fifth interspace site to allow for diaphragm elevation.®

Abdominal viscera are pushed upward by the enlarging uterus and
can alter the location of perceived pain. The gravid uterus itself tends
to protect abdominal organs from trauma but substantially increases
the likelihood of bowel injury from penetrating trauma to the upper
abdomen. Conversely, the upward displacement of the bowel makes
it less susceptible to blunt trauma. The stretching of the abdominal
wall as pregnancy nears term modifies the normal response to perito-
neal irritation (blunting of muscle guarding and rebound), potentially
underestimating the extent and severity of maternal trauma despite
intra-abdominal bleeding and organ injury.

In the first trimester, the bony pelvis shields the uterus and blad-
der. After the third month, these structures rise out of the pelvis and
become vulnerable to direct injury. Both organs become hyperemic
during pregnancy, and injury may lead to a marked increase in blood
loss compared with similar injury in a nonpregnant patient. Ureteral
dilation secondary to smooth muscle relaxation or from compression
by the gravid uterus is often found on imaging studies but is not neces-
sarily pathologic. The ligaments of the symphysis pubis and sacroiliac
joints are loosened during pregnancy. As a result, a baseline diastasis of
the pubic symphysis may exist that can be mistaken for pelvic disrup-
tion on radiographic studies.

Physiologic Changes

Cardiovascular

The normal cardiovascular changes of pregnancy can alter the clinical
presentation and may either mimic or mask the recognition of shock
or exacerbate the effects of traumatic hemorrhage (Table 177.1). Blood
pressure declines in the first trimester, levels out in the second trimes-
ter, and then returns to nonpregnant levels during the third trimester.
The decline in systole is small, 2 to 4 mm Hg, whereas diastole falls 5 to
15 mm Hg. Heart rate increases in pregnancy but does not rise by more
than 10 to 15 beats per minute above baseline (mean of approximately
90 beats/min).
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TABLE 177.1 Hemodynamic Changes of Pregnancy (Mean Values)

Parameter Nonpregnant Trimester 1 Trimester 2 Trimester 3

Heart rate (beats/min) 70 78 82 85

Systolic blood pressure (mm 115 112 112 114
Hg)

Diastolic blood pressure 70 60 63 70
{mm Hg)

Cardiac output (L/min) 45 45

Central venous pressure 9.0 7.5 4.0 3.8
(mm Hg)

Blood volume (mL) 4000 4200 5000 5600

Hematocrit without iron (%) 40 36 33 34

Hematocrit with iron (%) 40 36 34 36

White blood cells (cells/mm?) 7200 9100 9700 9800

Data from: de Swiet M. The cardiovascular system. In: Hytten F, Chamberlain G, eds. Clinical Physiology in Obstetrics. Oxford: Blackwell Scientific
Publications; 1980: 3-42; Colditz RB, Josey WE. Central venous pressure in supine position during normal pregnancy. Comparative determinations
during first, second and third trimesters. Obstet Gynecol. 1970;36:769; Letsky E. The haematological system. In: Hytten RF, Chamberlin G, eds.
Clinical Physiology in Obstetrics. Oxford: Blackwell Scientific Publications; 1980: 43-78; and Cruikshank DP. Anatomic and physiologic alterations of
pregnancy that modify the response to trauma. In: Buchsbaum HJ, ed. Trauma in Pregnancy. Philadelphia: WB Saunders; 1979: 21-39.

A major contributor to maternal hypotension is the supine hypoten-
sive syndrome. After 20 weeks’ gestation, the enlarging uterus has risen
to the level of the inferior vena cava, resulting in compression when the
mother is supine. Aortocaval obstruction diminishes cardiac preload,
which can decrease cardiac output and systolic blood pressure. In late
pregnancy, it is common for the inferior vena cava to become completely
occluded when the pregnant patient is supine. Hemodynamic improve-
ment occurs when compression is relieved. In determining whether
observed hypotension is related to positioning, the pregnant woman can
be tilted 15 to 30 degrees onto her left side, or if unable due to injuries, the
uterus can be manually displaced to the left by using two hands in order
to relieve compression on the inferior vena cava. Elevating the patient’s
legs will improve venous return. Inferior vena caval compression can also
lower central venous pressure (CVP) in the last two trimesters.

Blood volume gradually increases during pregnancy, starting at 6
to 8 weeks™ gestation, to as much as 45% above normal, peaking at 32
to 34 weeks gestation. Blood volumes become increasingly larger for
multigravidas and for twin, triplet, and quadruplet gestations. With this
increased circulatory reserve, clinical signs of maternal hypotension
from acute traumatic bleeding may be delayed. Up to 35% of circulating
blood volume may be lost before an injured pregnant patient exhibits
signs or symptoms of shock.”> By the beginning of the second trimester
and throughout the remainder of pregnancy, cardiac output is increased
40% to 6 L/min. Blood flow to the uterus increases from 60 mL/min
before pregnancy to 600 mL/min at term. This hyperdynamic state is
needed to maintain adequate oxygen delivery to the fetus. Because the
mother’s total circulating blood volume flows through the uterus every 8
to 11 minutes at term, this can be a major source of blood loss in injury.

By the third trimester, there is also marked venous congestion in the
pelvis and lower extremities, increasing the potential for hemorrhage
from both bony and soft tissue pelvic injuries. Compression of the
lower abdominal venous system by the gravid uterus increases periph-
eral venous pressure and blood volume in the legs, creating the poten-
tial for brisk blood loss from leg wounds and can exacerbate bleeding
from attempts at central venous catheter placement.

Pulmonary

The pregnant woman at term has a reduced oxygen reserve due to
a reduction in functional residual capacity caused by diaphragm

elevation and an increase in oxygen consumption related to the grow-
ing fetus, uterus, and placenta. Mean arterial oxygen tension drops
by 29% in pregnant women at term during 60 seconds of apnea com-
pared with 11% in nonpregnant women. Labor further accelerates this
decline. In addition, minute ventilation and tidal volume increase,
leading to hypocapnia. Therefore, a partial pressure of carbon dioxide
in the arterial blood (Paco,) of 35 to 40 mm Hg may indicate inad-
equate ventilation and impending respiratory decompensation in the
pregnant patient. Maternal hypoxia rapidly leads to fetal hypoxia,
distress, and possibly demise. There are no contraindications to rapid
sequence intubation during pregnancy. Bag-valve-mask ventilation is
more difficult in the pregnant patient due to weight gain and obesity.
The incidence of difficult or failed intubations in obstetric anesthesia
is four times higher than in surgical nonobstetric patients. Pregnant
patients are considered difficult airways with potential for rapid desat-
uration due to decreased oxygen reserves, increased oxygen demands,
upper airway edema, mucosal friability, increased Mallampati scores
with increasing gestational age, and increased risk of aspiration. It is
recommended that the emergency clinician use a difficult airway algo-
rithm, prepare equipment in advance including rescue devices, call
for help early if available, and optimize a ramped, head up, or reverse
Trendelenburg position to optimize preoxygenation and apneic oxy-
genation in all pregnant patients.

Gastrointestinal

Gastroesophageal sphincter tone and gastrointestinal motility are
decreased in pregnancy, thus increasing the possibility of aspiration
in patients with altered level of consciousness, such as during intu-
bation. Early gastric decompression should be performed in these
circumstances.

SPECIFIC DISORDERS
Blunt Trauma

Physical examination is unreliable in predicting adverse outcomes in
the pregnant woman with blunt trauma.” Risk factors predictive of the
onset of contractions or preterm labor include gestational age greater
than 35 weeks, assaults, and pedestrian collisions. Fetal mortality can
be as high as 40% after maternal trauma, with most likely causes of fetal
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death occurring from placental abruption, maternal shock, and mater-
nal death, in order of decreasing incidence. Risk factors significantly
predictive of fetal death include ejection, motorcycle and pedestrian
collisions, maternal death, maternal tachycardia, abnormal fetal heart
rate, lack of restraints, and an injury severity score greater than 9 (see
Chapter 32).

Unbelted or improperly restrained pregnant women are twice as
likely to experience excessive maternal bleeding and increased mater-
nal death with fetal death being three times more likely to occur. For
low- to moderate-severity collisions (constituting 95% of all MVCs),
proper restraint use, with or without air bag deployment, generally
leads to acceptable fetal outcomes. For high-severity collisions, even
proper restraint does not improve fetal outcome.

Pregnant crash-test-dummy trials show that improper placement
of the lap belt over the pregnant abdomen causes a threefold to four-
fold increase in force transmission through the uterus. The lowest force
transmission readings through the uterus occur when a three-point
seat belt is used properly. For correct position, the lap belt should be
placed under the gravid abdomen, snugly over the thighs, with the
shoulder harness off to the side of the uterus, between the breasts and
over the midline of the clavicle. Women who receive information on
seat belt use during pregnancy from a health care provider are statisti-
cally more likely to use seat belts and to use them properly than unin-
formed controls.

Interpersonal Violence

Women experiencing abuse in the year before or during a pregnancy
are 40% to 60% more likely than nonabused women to report high
blood pressure, vaginal bleeding, severe nausea, kidney or urinary tract
infections, and hospitalization during that pregnancy.* Abused preg-
nant women are more likely to deliver preterm, and children of abused
pregnant women are more likely to be born underweight. Children
born to abused mothers are more likely than other children to require
intensive care at birth. Physicians detect only a minority of interper-
sonal violence cases in pregnant women, which supports the need for
routine screening for interpersonal violence in this population.*

Falls

Falls become more prevalent after the 20th week of pregnancy and
roughly 25% of pregnant women will fall at least once while pregnant.
Protuberance of the abdomen, loosening of pelvic ligaments, strain
on the lower back, and fatigability are contributory factors. In a given
pregnancy, about 2% of pregnant women sustain repeated direct blows
to the abdomen from repetitive falls. Although repeated falls often trig-
ger premature contractions, they seldom result in immediate labor and
delivery.

Penetrating Trauma

The gravid uterus affects the injury pattern seen with penetrating
trauma to the upper abdomen with the probability of harm to the
bowel, liver, or spleen at almost 100%. When the entry site is anterior
and below the uterine fundus, visceral injuries are less likely. Although
the enlarging uterus can act as a shield against intra-abdominal injuries
in the mother, it makes the fetus more susceptible to injury. A high fetal
death rate from penetrating trauma to the uterus has been reported
and is lower for maternal injuries above the uterus.

Fetal Injury

There is a high risk of fetal loss in the pregnant trauma patient. Poor
fetal outcome is predicted by maternal hypotension and acidosis, and a
fetal heart rate less than 110 beats/min. When the mother sustains life-
threatening injuries, there is a 40% chance of fetal demise, compared

with a less than 2% chance in cases of non-life-threatening maternal
injuries. Disseminated intravascular coagulation (DIC), which may
be caused by placental products entering the maternal circulation,
is a significant predictor of fetal mortality. The American College of
Obstetrics and Gynecology recommends a minimum of 4 hours of car-
diotocographic fetal monitoring after maternal trauma because moni-
toring is useful in predicting fetal outcome.

Fatal fetal injuries from blunt trauma are usually the result of intra-
cranial hemorrhage and skull fractures secondary to fractured mater-
nal pelvic bones striking the fetal skull as a result of vertex lie.® Pelvic
and acetabular fractures during pregnancy are associated with a high
maternal (9%) and a higher fetal (38%) mortality rate. Both gunshot
wounds and stab wounds to the uterus produce substantial morbidity
and mortality to the fetus.

Placental Injury

The leading cause of fetal death after blunt trauma is placental abrup-
tion.! Placental separation results when the inelastic placenta shears
away from the elastic uterus during sudden deformation of the uterus.
Because deceleration forces can be as damaging to the placenta as direct
uterine trauma, abruption can occur with little or no external sign of
injury to the abdominal wall. Placental abruption inhibits the flow of
oxygen to the fetus and causes in utero carbon dioxide (CO,) accumu-
lation, resulting in hypoxia and acidosis that leads to fetal distress. Sus-
tained uterine contractions induced by intrauterine hemorrhage also
inhibit uterine blood flow, further contributing to fetal hypoxia.

The diagnosis of abruption is made clinically. Classic clinical find-
ings of abruption are vaginal bleeding, abdominal cramps, uterine ten-
derness, maternal hypovolemia (up to 2 L of blood can accumulate in
the gravid uterus), or a change in the fetal heart rate; but many cases
of placental abruption after trauma present without vaginal bleeding.

The most sensitive indicator of placental abruption is fetal distress,
which can be detected with prompt fetal monitoring. In clinical set-
tings without continuous fetal monitoring capabilities intermittent
monitoring of FHR (e.g., every 15 minutes) is recommended, but early
transfer should be arranged to a facility with obstetric and neonatal
services as the definitive treatment may be surgical. Increased fre-
quency of contractions is associated with abruption. Transabdominal
ultrasonography has poor sensitivity for detection of placental abrup-
tion (24% sensitivity; 96% specificity).” Placental abruption hemato-
mas have a variable appearance on ultrasound including homogenous
and heterogenous consistency, and can be either hypo-, hyper-, or
isoechoic compared to the placenta depending on the extent and chro-
nicity of bleeding. If the abruption bleeds externally, there may be an
insufficient quantity to be detected sonographically. Even with signifi-
cant intrauterine blood accumulation, accurate ultrasonographic diag-
nosis may be difficult because of placental position (i.e., posterior) and
confounding uterine or placental structural conditions. An ultrasound
is useful in clinical practice despite the poor sensitivity because it can
help identify other causes of abdominal pain or vaginal bleeding in the
setting of trauma.

Placental abruption is associated with an increased risk of stillbirth
(after 20 weeks) and preterm delivery (before 37 weeks) even with
minor abruption. The extent of placental separation is correlated with
the rate of stillbirth. A trial of expectant management with ongoing
maternal and fetal monitoring is appropriate when mother and fetus
are stable and with partial placental abruptions of less than 25%. This
usually applies to fetuses of less than 32 weeks’ gestation in which the
likelihood of morbidity and mortality associated with prematurity
makes delivery management risky. Expectant care in stable patients
may allow further fetal maturation and improved outcome. An imme-
diate cesarean section is recommended in cases of fetal distress from
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further placental separation. After 32 weeks’ gestation, the risk of fur-
ther placental separation outweighs the benefits of further fetal matu-
ration, so intervention is indicated.

Women with placental abruption are more likely to have coag-
ulopathies than those without abruption. The injured placenta can
release thromboplastin into the maternal circulation, resulting in DIC,
whereas the damaged uterus can disperse plasminogen activator and
trigger fibrinolysis. The precipitation of DIC is directly related to the
degree of placental separation. Severe clotting disorders rarely occur
unless separation of the placenta is significant enough to result in fetal
demise.

Uterine Injury

The most common obstetric complication caused by maternal
trauma is uterine contractions. Myometrial and decidual cells, irri-
tated by contusion or placental separation, release prostaglandins
that stimulate uterine contractions. Progression to labor depends
on the extent of uterine damage, the amount of prostaglandins
released, and the gestational age of the pregnancy. The routine use
of tocolytics for preterm labor is not recommended because most
contractions stop spontaneously. Contractions that are not self-
limited are often induced by some pathologic condition, such as
underlying placental abruption, which is a contraindication to toco-
lytic therapy. Some studies describe this risk as relative and have
used tocolysis successfully with careful evaluation and intensive
monitoring to continue the pregnancy and enhance fetal maturity.
The option to use tocolytics ends when cervical dilation reaches 4
cm or greater.

Traumatic uterine rupture is a rare event. It is most often caused
by severe vehicular collisions in which pelvic fractures strike
directly against the uterus. Uterine rupture may occur from stab
wounds and gunshot injuries, but this is rare. Maternal shock,
abdominal pain, easily palpable fetal anatomy caused by extrusion
into the abdomen, and fetal demise are typical findings on exam-
ination. Diagnosing uterine rupture can be difficult. A fractured
liver or spleen can produce similar signs and symptoms of perito-
neal irritation, hemoperitoneum, and unstable vital signs. Optimal
treatment, between suturing the tear or performing a hysterectomy,
depends on the extent of uterus and uterine vessel tears and the
importance of future childbearing.

DIAGNOSTIC TESTING

All women of childbearing potential presenting with trauma should be
assessed for possible pregnancy.

Changes in Laboratory Values with Pregnancy

Increases in plasma volume greater than red blood cells cause a phys-
iologic anemia of pregnancy (hematocrit 32% to 34% by the 32nd to
34th week). Despite the lower hematocrit, there is an overall increase
in oxygen-carrying capacity because of an increased total red blood
cell mass. Placental progesterone directly stimulates the medullary
respiratory center, producing a lower Paco, (30 mm Hg) from the
second trimester until term. The subsequent compensatory lowering
of serum bicarbonate slightly reduces blood-buffering capacity during
conditions of physiologic stress. A Paco, of 40 mm Hg in the latter half
of pregnancy reflects inadequate ventilation and potential respiratory
acidosis that could precipitate fetal distress.

Electrocardiographic changes include a left-axis shift averaging 15
degrees, caused by diaphragm elevation. Consequently, flattened T
waves or Q waves in leads III and augmented voltage unipolar left limb
lead may be seen (Fig. 177.1)
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Fig. 177.1 EKG changes in pregnancy. (From: Angeli F, Angeli E, Verdec-
chia P. Int J Mol Sci. 2015;16(8):18454-18473; https://doi.org/10.3390/
ijms160818454.)

Laboratory

Laboratory tests for a pregnant patient with trauma should include a
complete blood count, basic electrolyte panel, urinalysis, blood type
with Rh status, and coagulation studies including fibrinogen.® Patients
who appear to be stable but have a low serum bicarbonate level may
have occult maternal shock. Interpretation of bicarbonate results
requires consideration of the physiologic changes that occur in the
later stages of pregnancy as a result of respiratory alkalosis (see Chap-
ter 173). Coagulation studies are important in directing management
of patients with multisystem trauma or when the diagnosis of placental
abruption is considered.

Kleihauer-Betke Test and Fetomaternal Hemorrhage

Fetomaternal hemorrhage (FMH), the transplacental bleeding of fetal
blood into the normally separate maternal circulation, is a unique com-
plication of pregnancy. MVCs, anterior placental location, and uter-
ine tenderness are associated with an increased risk of FMH. Massive
fetomaternal transplacental hemorrhage causes alloimmunization in
Rh incompatibility but also endangers the fetus by causing severe fetal
anemia, fetal distress, and possible exsanguination. ABO incompatibil-
ity causes less severe disease.

FMH most commonly occurs after 12 weeks’ gestation, when the
uterus rises above the pelvis and becomes susceptible to direct trauma.

The Kleihauer-Betke test quantifies the amount of FMH. Most labora-
tories screen for FMH of 5 mL or more, even though the amount of FMH
sufficient to sensitize most Rh-negative women is much less than 5 mL.
Therefore, it is advisable that all Rh-negative mothers who have a history of
abdominal trauma receive one prophylactic dose of Rhesus immune globulin
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(RhIG) within 72 hours of injury. Trauma patients at risk for massive FMH
will have major injuries or abnormal obstetric findings, such as uterine ten-
derness, contractions, or vaginal bleeding. Rarely, the amount of FMH will
exceed that covered by the maximum RhIG dose (300 pg). Because RhIG
can effectively prevent Rh isoimmunization when administered as late as 72
hours after antigenic exposure, the results of the Kleihauer-Betke test are not
immediately needed in the emergency department (ED).

Radiography

Adverse effects to the fetus are unlikely if radiation exposure is less
than 50 mGy. Less than 1% of trauma patients are exposed to more
than 30 mGy. Sensitivity to radiation is greatest during intrauterine
development when the embryo undergoes organogenesis in weeks 2
to 15. However, the risk to the fetus of a 10-mGy exposure is thou-
sands of times smaller than the spontaneous risks of malformations,
abortions, or genetic disease. Intrauterine exposure to 50 mGy does
not appear to cause a significant increase in congenital malformations,
intrauterine growth retardation, or miscarriage but is associated with a
0.3% increased risk of childhood cancer and 2% risk of lifetime cancer.
Pathologic conditions more readily appear with intrauterine radiation
doses of 150 mGy or greater.

Providing information on radiation exposure from diagnostic radio-
graphs is difficult. Fetal dose from computed tomography (CT) scans
depends on the type of equipment used, the abdominal girth of the
mother, and the fetal distance from the maternal skin. Diagnostic radio-
graphic studies should be performed with regard for fetal protection, but
necessary diagnostic studies of the traumatized pregnant patient should
not be withheld out of concern for fetal radiation exposure.'? Fetal irradi-
ation should be minimized by limiting the scope of the examination and
using technical means, such as shielding and collimation. Table 177.2
provides estimated radiation doses from various types of examinations.

Ultrasonography

Ultrasonography is the best modality for simultaneous assessment of
the mother and fetus. It is useful in detecting major abdominal injury
and establishing fetal well-being or demise, gestational age, and pla-
cental location. It obviates radiation risks, minimizes diagnostic delays,
and provides high sensitivity for injury. The sensitivity of the focused
assessment with sonography for trauma (FAST) examination in identi-
fying intra-abdominal bleeding or pericardial bleeding is 61% to 83%,
lower than the general population, but it has a specificity and nega-
tive predictive value of 99.7%.!! Ultrasonography has low sensitivity
(24%) but high specificity (96%) for placental abruption.” Limitations
in accuracy include operator experience, patient obesity, the presence
of subcutaneous air, and a history of multiple abdominal surgeries.!

Computed Tomography and Magnetic Resonance
Imaging Scans
CT and, increasingly, magnetic resonance imaging (MRI) studies are used
in evaluating abdominal trauma in pregnancy.® If ultrasonography is inde-
terminate and the patient’s condition is stable, CT and MRI can identify
specific organ damage. They are particularly useful in assessing penetrat-
ing wounds of the flank and back. CT can miss diaphragm and bowel inju-
ries. Both of these studies carry the risk of moving the patient from the
closely monitored environment of the ED to the radiography suite.
Radiation from CT is a concern in the pregnant trauma patient.
However, with shielding, fetal exposure from head and chest CT scans
can be kept below an acceptable 1-rad limit. CT of the abdomen can
be performed with 4 mGy of exposure to the fetus. Abdomen and pel-
vic CT produces about 25 mGy of radiation to the fetus, which is well
below the 50 mGy level, where a 2% increase in risk of cancer is seen
without evidence of malformation to the fetus. Radiation exposure

TABLE 177.2 Estimated Fetal Radiation

Dose From Conventional Radiographic and
Computed Tomography Examination

Estimated Fetal
Imaging Study Dose (mGy)?
Radiography
Cervical spine (AP, lateral) <0.001
Extremities <0.001
Chest (PA, lateral) 0.0005-0.01
Thoracic spine 0.003
Abdomen (AP) 0.1-3.0
Lumbar spine (AP, lateral) 1-10
Computed Tomography
Head or neck 0.001-0.01
Chest (routine) 0.01-0.66
Chest (pulmonary embolism protocol) 0.01-0.66
Abdomen 1.3-35
Pelvis 10-50
Abdomen and pelvis 13-25
CT angiography of the aorta 6.7-56
CT angiography of the coronary arteries 0.1-3
Nuclear Medicine
Low-dose perfusion scintigraphy 0.1-05
V//Q scintigraphy 0.1-08
Myocardial perfusion with 99mTc-sestamibi 17
Myocardial perfusion with 99mTc-tetrofosmin ~ 8.45

aThe naturally occurring background radiation dose during pregnancy is
0.5 to 0.1 mGy.

AP, Anteroposterior; CT, computed tomography; PA, posteroanterior.
Data adapted from: Trada N, Dreizin D, et al. Imaging pregnant and
lactating patients. Radiographics. 2015;35(6):1751-1765; Copel

J, et al. Guidelines for diagnostic imaging during pregnancy and
lactation. ACOG committee opinion number 723. Obstet Gynecol.
2017;130:€210-216.

ultimately depends on the patient, scanner, and technique used in per-
forming the study (see Table 177.2).

When available, MRI is preferable to CT because it uses no radiation
and has not been associated with significant fetal disease or disability,
and it is more sensitive in diagnosing diaphragm and bowel injury.

SPECIAL PROCEDURES
Diagnostic Peritoneal Lavage

In unstable trauma patients with equivocal or negative findings on ultra-
sonography, diagnostic peritoneal lavage (DPL) may be considered in
any trimester. It should be performed in conjunction with a trauma sur-
geon using an open technique above the uterus following placement of
a nasogastric tube and Foley catheter. The gravid uterus, in the later tri-
mesters, makes the procedure riskier and technically challenging.

MANAGEMENT

Management of the patient with multiple trauma is covered in Chap-
ter 32. The following discussion focuses on the aspects of management
unique to the pregnant patient.
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Fig. 177.2 Decision-making algorithm in emergency obstetric care. C-section, Cesarean section; FHT, fetal

heart tone; US, ultrasonography.

Depending on the mechanism of trauma, maternal condition, and
gestational age, the clinician should consider early notification or con-
sultation with a trauma surgeon, obstetrician, neonatologist, or pedi-
atrician (or all four) for a multidisciplinary approach. A fetal monitor,
portable ultrasound, and neonatal resuscitation equipment should
be immediately available. Tetanus toxoid and immune globulin have
no detrimental effect on the fetus. The World Health Organization
(WHO) specifically recommends vaccination during pregnancy. To
prevent alloimmunization of a Rh-negative mother, administer one 50-
ug dose of RhIG in the first trimester. It is sufficient because total fetal
blood volume is only 4.2 mL by 12 weeks’ gestation, and a 50 pg-dose
covers 5 mL of bleeding. During the second and third trimesters, a 300-
ug dose of RhIG is given, which protects against up to 30 mL of FMH.
Beyond 16 weeks’ gestation, the total fetal blood volume reaches 30 mL
or more. Massive FMH likely exceeds the efficacy of one 300-pg dose of
RhIG, so the Kleihauer-Betke test can be used to guide effective dosing.

Maternal Resuscitation

Primary Survey

The primary survey focuses on the mother. However, because two
patients are present, it is reasonable to gather preliminary information
about the age of the fetus at this time (Fig. 177.2).

Airway and Breathing. The general principles of airway management
are discussed in Chapter 1. Oxygen therapy should be instituted early
in the traumatized pregnant patient because she can quickly become
hypoxic due to her reduced oxygen reserve and increased oxygen
consumption. The fetus is vulnerable to any reduction in oxygen
delivery. Supplemental oxygen is recommended throughout maternal
resuscitation and evaluation with oxygenation saturation levels
maintained above 95%.°

A secure airway enables proper oxygenation and negates the higher
risk of aspiration in pregnancy. Rapid sequence intubation after pre-
oxygenation of the pregnant patient is reccommended. Data are limited
on use of RSI agents during pregnancy but none have been consistently

associated with congenital malformations or adverse effects on the
fetus. Mechanical ventilation settings need to be adjusted for increased
tidal volumes and respiratory alkalosis, which is consistent with the
physiologic Paco, of 30 mm Hg in the last stage of pregnancy. No spe-
cific initial ventilation settings are recommended, but settings can be
adjusted as clinically indicated and if the patient has ARDS clinicians
can use the ARDS network guidelines.'?

Circulation. Intravenous access with two large-bore catheters above
the diaphragm is preferred. Maternal blood pressure and heart rate are
not consistently reliable predictors of fetal and maternal hemodynamic
stability. Due to an expanded circulating volume, the mother can
hemorrhage without showing early signs of hypotension. Uterine blood
flow is markedly reduced when maternal circulation is compromised.
As a result, after an acute blood loss, uterine blood flow can be
substantially decreased while maternal blood pressure remains normal.
Consequently, the pregnant woman with borderline hemodynamic
stability probably already has a jeopardized fetus. When traditional
signs of shock appear, fetal compromise may be far advanced.

Fluid resuscitation with isotonic fluids should occur in all patients
with suspected or observed significant blood loss. Type O-negative
packed red blood cells are recommended for hemodynamically unsta-
ble trauma patients until type-specific blood products are available.
Vasopressors are recommended only with refractory hypotension
unresponsive to fluid resuscitation because of the adverse effect on
uteroplacental perfusion.® A massive transfusion protocol should be
initiated on all hemodynamically unstable patients ina 1 : 1 : 1 ratio
of red blood cells, platelets, and plasma. Tranexamic acid is an antifi-
brinolytic agent used in trauma to reduce bleeding and mortality and
should be administered within 3 hours of injury. Limited data are avail-
able on the safety of tranexamic acid in pregnancy but no adverse fetal
events have been described. It is unknown if there is a mortality benefit
with the use of tranexamic acid in pregnant trauma patients.>!?

Beyond 20 weeks gestation, a left lateral tilt of 15 to 30 degrees
or leftward manual displacement of the uterus using two hands is
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recommended to reduce compression on the inferior vena cava caused
by the gravid uterus. A Foley catheter for measuring urine output pro-
vides further information on circulatory volume status.

With trauma in pregnancy, the primary survey is modified to
assess uterine size and the presence of fetal heart tones if the patient is
severely injured. Otherwise, this assessment belongs in the secondary
survey. Uterine size, measured from the symphysis pubis to the fun-
dus, is the quickest means of estimating gestational age. This distance
in centimeters equals the gestational age in weeks (e.g., 24 cm = 24
weeks), which allows some early indication of fetal viability if delivery
is necessary (Fig. 177.3). Usually, between 22 to 24 weeks is used as
the cutoff point for fetal viability (Table 177.3). As a rough guide, the
fetus is potentially viable when the dome of the uterus extends beyond
the umbilicus. Fetal heart tones can be detected by auscultation at 20
weeks’ gestation or by Doppler probe at 10 to 14 weeks. If either the
uterus is less than 22 cm in size or fetal heart tones are absent, the
pregnancy is probably too early to be viable, and treatment is directed
solely at the mother.

Secondary Survey

The secondary survey involves a detailed examination of the patient
but is also modified to gather additional information about the mater-
nal abdomen and the fetus. Physical examination of the abdomen, fre-
quently unreliable in the nonpregnant patient, is even more inaccurate

@ Umbilicus

Pelvis

Fig. 177.3 Uterine size at different weeks of gestation. (From: Kravis
TC, Warner CG, eds. Emergency Medicine: A Comprehensive Review.
Rockville, MD: Aspen Publishers; 1979.)

TABLE 177.3 Fetal Viability in Trauma

with changing organ position, abdominal wall stretching in advancing
pregnancy, and uterine contraction pains. Still, valuable information
can be gathered about uterine tenderness, contraction frequency, and
vaginal bleeding.

An external perineal examination should be performed. A sterile
speculum examination is done in consultation with or by an obstetri-
cian after placental previa has been ruled out by ultrasonography. A
bimanual examination is avoided due to the risk of causing prelabor
rupture of membranes or bleeding in cases of unidentified placenta
previa. Vaginal bleeding suggests placental abruption, and a watery dis-
charge suggests rupture of the membranes. Significant vaginal bleeding
from intravaginal injuries can be temporized by packing with sterile
moistened gauze. If the mechanism of injury is significant enough and
the fetus is judged to be viable, early involvement of an obstetrician
may enhance the fetal outcome.

Fetal Evaluation. Fetal evaluation in the secondary survey focuses on
the fetal heart rate and detection of fetal movement. When the presence
of fetal heart tones has been confirmed, intermittent monitoring of
fetal heart rate is sufficient for the previable fetus. If the fetus is viable
(i.e., 22 to 24 weeks or more), continuous external monitoring initiated
quickly and maintained throughout all diagnostic and therapeutic
procedures may be useful in directing management. Such monitoring
can also benefit the mother, because fetal hemodynamics are more
sensitive to decreases in maternal blood flow and oxygenation than
are most measures of the mother. Fetal distress can be a sign of occult
maternal distress. However, fetal distress and even demise can occur
with seemingly minor maternal trauma. Signs of fetal distress include
an abnormal baseline heart rate, decreased variability of heart rate, and
fetal decelerations after contractions.

The normal fetal heart rate ranges from 120 to 160 beats/min; rates
outside or trending toward these limits are ominous. Heart rate vari-
ability has two components. Beat-to-beat variability measures auto-
nomic nervous function, whereas long-term variability indicates fetal
activity. Heart rate variability increases with gestational age. The loss of
beat-to-beat and long-term variability warns of fetal central nervous
system depression and reduced fetal movement caused by fetal distress
(Fig. 177.4).

Late decelerations are an indication of fetal hypoxia. These decel-
erations are relatively small in amplitude and occur after the peak or
conclusion of a uterine contraction. By comparison, early decelerations
are larger, occur with the contraction, and recover to baseline immedi-
ately after the contraction. Early decelerations may be vagally mediated
when uterine contractions squeeze the fetal head, stretch the neck, or
compress the umbilical cord. Variable decelerations are large, occur at
any time, and are possibly caused by umbilical cord compression (Fig.
177.5).

Mother Stable, Fetus Stable

Minor trauma does not exempt the fetus from significant injury. It
is estimated that up to 3% of all minor trauma results in fetal loss,

Weeks of Gestation 6-Month Survival (%)

Survival With No Severe
Abnormalities (%)

22 0

23 15
24 96
25 79

0

2
21

69

Data from: Morris JA Jr, et al. Infant survival after cesarean section for trauma. Ann Surg. 1996;223:481.
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Fig. 177.4 Types of fetal heart rate variability. bpm, Beats per minute; FHR, fetal heart rate; UA, uterine

activity.
095 | 87906 094 | 87907 093 | 87908
FHR 240 bpm FHR 240 bpm FHR 240 bpm
210 210 210
Early | | Variable | | Late
Fetal 150
heart
rate
60 60 60
30 30 30
12 100 12 100 12 100
10 75 10 75 10 75
Uterine 8 8 8 =+
contractions 6 6 6
4 4
2 2

UA 0 mm Hg

m Hg

Fig. 177.5 Types of fetal heart rate decelerations. bpm, Beats per minute; FHR, fetal heart rate; UA, uterine

activity.

typically from placental abruption. Therefore, once the traumatized
mother is stabilized, the focus of care is directed toward the fetus. For
the viable fetus (greater than 22 to 24 weeks gestation), monitoring
is the next step. Continuous monitoring maintained throughout all
diagnostic and therapeutic actions is advisable. Because direct impact
is not necessary for fetoplacental pathology to occur, the traumatized
pregnant woman with no obvious abdominal injury still benefits from
monitoring.

The recommended 4 hours of cardiotocographic observation of the
viable fetus is extended to 24 hours if at any time during the first 4
hours there are more than three uterine contractions per hour, uter-
ine tenderness persists, results on a fetal monitor strip are worrisome,

vaginal bleeding occurs, the membranes rupture, or any serious mater-
nal injury is present. Most cases of placental abruption after maternal
trauma are detected within the first 4 hours of monitoring.

On discharge from the hospital, the pregnant woman should be
instructed to record fetal movements during the next week. If fewer
than four movements per monitored hour are noted, the patient should
see her obstetrician immediately and a nonstress test is warranted. The
occurrence of preterm labor, membrane rupture, vaginal bleeding, or
uterine pain also necessitates prompt reevaluation. Serial ultrasound
and fetal heart rate tests on viable fetuses a few days after maternal
trauma and periodically throughout the remaining portion of the preg-
nancy are helpful in monitoring fetal well-being.
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Mother Stable, Fetus Unstable

Fetal death rates after maternal trauma are three to nine times higher
than maternal death rates. If a viable fetus remains in distress despite
optimization of maternal physiology, cesarean section should be
considered.

Although fetal viability is first reached at 22 to 24 weeks, the ulti-
mate determinant of the age of fetal viability is the level of neonatal care
provided by the intensive care nursery unit in each hospital or accessi-
ble regional facility. Determining gestational age for fetuses of less than
29 weeks may be difficult. Emergency decisions on fetal viability are
therefore made on the basis of the best ultrasonography and gestational
age information available.

The presence of fetal heart tones is an important survival marker
for fetuses about to undergo emergency cesarean section. The fetal sur-
vival rate is zero if there are no fetal heart tones present when emer-
gency cesarean section commences. If fetal heart tones are present and
the gestational age is 26 weeks or more, the infant survival rate may be
as high as 75%.

Besides fetal distress, other reasons for a cesarean section include
uterine rupture, placental rupture with significant vaginal bleeding,
fetal malpresentation during preterm labor, and situations in which the
uterus mechanically limits maternal repair. Fetal demise without any
of the aforementioned conditions is not an indication for cesarean sec-
tion, because most will pass spontaneously within 1 week.

Mother Unstable, Fetus Unstable

If the mother’s condition is critical, primary repair of her wounds is the
best course. This may apply even when the fetus is in distress, because
a critically ill mother may not be able to withstand an additional oper-
ative procedure such as cesarean section, which prolongs laparotomy
time and likely substantially increases blood loss. The best initial action
on behalf of the fetus is early and rapid restoration of normal maternal
physiology. If it is felt that the unstable mother can tolerate an emer-
gency cesarean section, it should be considered for the distressed, via-
ble fetus.

As with nonpregnant patients, operative intervention for blunt
trauma and above-the-uterus stab wounds is dictated by clinical find-
ings and diagnostic test results. Above-the-uterus intraperitoneal
gunshot wounds require exploration. In situations of severe maternal
hemorrhage, massive transfusion protocols should be initiated with
fresh frozen plasma, platelets, and red blood cells in a 1:1:1 ratio to
lower the rate of coagulopathy and improve survival. There is little
evidence to support a definitive management strategy for penetrating
trauma to the gravid uterus. In situations of a hemodynamically stable
mother, expectant management has been recommended. However, no
prospective study has verified this. Damage to the uterus alone can be
quite devastating because of its increased circulation. Without explora-
tion, it is impossible to know the occurrence, size, or depth of uterine
penetration, and there are no guidelines indicating whether a uterine
wound can be left unsutured without incurring an increased risk of
infection or delayed uterine rupture. We recommend laparotomy or
laparoscopy as the safest means of managing penetrating uterine
wounds because missed maternal injuries can quickly compromise the
fragile fetus.

Defibrillation

Electrical flow that bypasses the fetus has little effect on the pregnancy.
Maternal elective and emergent cardioversion have been performed
safely for cardiac dysrhythmias in all three stages of pregnancy. Ener-
gies up to 300 Joules on a monophasic defibrillator have been used
without affecting the fetus or inducing preterm labor. Although the
amount of energy reaching the fetal heart is thought to be small, it is
advisable to monitor the fetal heart during maternal cardioversion.

Resuscitative Hysterotomy

Restoration of maternal and thus fetal circulation is the optimal goal
with maternal hemodynamic instability. During maternal resuscita-
tion, adequate oxygenation, fluid loading, and a 30-degree left tilting
position or manual displacement of the gravid uterus is recommended
to improve maternal circulation. If there is no response to advanced
cardiac life support, a resuscitative hysterotomy, formerly known as
a perimortem cesarean section, should be initiated by 4 minutes and
completed by 5 minutes after the onset of maternal cardiac arrest with
no return of spontaneous circulation (ROSC).!41?

In the event of maternal cardiopulmonary arrest, resuscitative hys-
terotomy is recommended to rapidly deliver the fetus to relieve aor-
tocaval compression, improve hemodynamics, and optimize maternal
and fetal survival.?’ A resuscitative hysterotomy is a rare but potentially
lifesaving procedure for both the mother and neonate and is recom-
mended only if uterine size exceeds the umbilicus (20 weeks gestation
or greater). Time since maternal circulation ceased is the critical factor
in fetal outcome. Delivery increases venous return and cardiac output
by 25% to 30% and leads to higher rates of ROSC and survival bene-
fit for mother. Beyond 20 minutes, there is virtually never survival or
favorable neurologic outcome for either mother or fetus.

The most experienced physician available should perform the pro-
cedure as cardiopulmonary resuscitation (CPR) is continuing. A mid-
line vertical incision is made from the epigastrium to the symphysis
pubis. The uterus is then entered with a midline vertical incision. If
necessary, the placenta is incised to reach the fetus; once the fetus has
been delivered, the cord is clamped and cut. Maternal revival after
delivery of the fetus is reported due to relief of vena caval compression
and improved hemodynamics.

DISPOSITION

The emergency clinician should consider the stability of the mother
and the viability of the growing fetus when making management and
disposition decisions. Any pregnant woman at 22 to 24 or more weeks
of gestation who has sustained blunt trauma should undergo at least 4
hours of fetal monitoring, even if she appears well. In general, pregnant
women who sustain minor trauma have a favorable pregnancy out-
come. Other admission and operative criteria are similar for pregnant
and nonpregnant trauma patients.

The references for this chapter can be found online at ExpertConsult.
com.
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. CHAPTER 177: QUESTIONS AND ANSWERS

1. A 30-year-old female who is 28 weeks' gestation presents to the
emergency department after being a restrained passenger in a low-
speed MVC. Which of the following is the best indicator of fetal
outcome in this scenario?

Abdominal tenderness

. Cardiotocographic monitoring for 4 hours

Maternal blood count and arterial blood gas results

. Maternal vital signs
e. Ultrasonography

Answer: B. For women with mild blunt trauma, fetal outcome is not

predicted by maternal vital signs, abdominal tenderness, blood tests, or

ultrasound results. Only cardiotocographic monitoring for a minimum
of 4 hours is useful to predict fetal outcome. Fetal monitoring can iden-
tify fetal distress and the need for further intervention.

2. Which of the following factors is most concerning in the presenta-
tion of a pregnant trauma patient?

Diastasis of the symphysis pubis

. Electrocardiogram (ECG) findings of Q waves in IIT and aVy

Hematocrit 34% in third trimester

. Hypotension in the third trimester
e. Respiratory alkalosis in the third trimester

Answer: D. Blood pressure declines in the first trimester, levels out in

the second trimester, and then returns to nonpregnant levels during

the third trimester. In pregnancy, minute ventilation increases, leading
to hypocapnia. Therefore, a partial pressure of arterial carbon dioxide

(Paco,) of 35 to 40 mm Hg may indicate inadequate ventilation and

impending respiratory decompensation. The physiologic anemia of

pregnancy, resulting from a 48% to 58% increase in plasma volume

ao o

ao o

and only an 18% increase in red blood cells, results in hematocrits of

32% to 34% by gestational age of 32 to 34 weeks. Electrocardiographic

changes include a left-axis shift averaging 15 degrees, caused by dia-

phragm elevation. Consequently, flattened T waves or Q waves in leads

III and aVy may be seen.

3. A 26-week gravid woman presents to the emergency department
(ED) after a moderate-speed motor vehicle collision (MVC). The
patient is without complaints, and her vital signs are as follows:
blood pressure, 100/60 mm Hg; heart rate, 100 beats per minute;
and respiratory rate, 18 breaths per minute. Ultrasound examina-
tion shows good fetal movement, with a fetal heart rate of 150 beats
per minute. What is the appropriate disposition for this patient?

a. Consult obstetrics for a minimum of 4 hours of cardiotoco-

graphic monitoring.

b. Perform a FAST examination and if negative discharge home.

c. Consult trauma and obstetrics for admission and serial exam-

inations.

d. Consult trauma surgery for exploratory laparotomy.

e. Discharge the patient with close follow-up with obstetrics.
Answer: A. Placental abruption results when the inelastic placenta
shears away from the elastic uterus during sudden deformation of the
uterus. Because deceleration forces can be as damaging to the placenta
as direct uterine trauma, abruption can occur with little or no external
sign of injury to the abdominal wall. For the viable fetus (more than 22
to 24 weeks’ gestation), monitoring is the next step.
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. CHAPTER 177: QUESTIONS AND ANSWERS—cont’'d.

4. A 26-year-old, 30-week gestation woman presents unresponsive
with cardiopulmonary resuscitation (CPR) in progress after a high-
speed motor vehicle collision (MVC). The patient lost her vital signs
3 minutes before arrival in the emergency department (ED). What
is the most appropriate next step in the management of this patient?
a. Transfer to the operating room for emergency cesarean section
by obstetrics

b. Resuscitative hysterotomy with vertical midline incision

c. Thoracotomy with cardiac massage

d. Administer epinephrine and continue ACLS guidelines for car-
diac arrest

e. Defibrillate immediately at 300 J

Answer: B. In the event of maternal cardiopulmonary arrest, resus-

citative hysterotomy is indicated in any pregnancy of greater than

20 weeks’ gestation (above the umbilicus) to improve both maternal

and fetal survival. It should ideally be performed within 4 minutes

of loss of spontaneous circulation and completed by 5 minutes of no

ROSC. The most experienced physician available should perform the

procedure.

5. A 28-week pregnant patient comes in after a gunshot wound to the
epigastrium. Her blood pressure is 95/30 and her heart rate is 125
after receiving 1 liter IV fluids by EMS en route. What is the optimal
management for this patient?

a. Explore the wound locally for entrance and exit wounds.

b. Expectant management with serial abdominal examinations.

c. Intraoperative exploratory laparotomy or laparoscopy by a
trauma surgeon.

d. Fetal monitoring for a minimum of 4 hours

Answer: C. The gravid uterus affects the injury pattern seen with pen-
etrating trauma to the upper abdomen with the probability of harm
to the bowel, liver, or spleen at almost 100%. The gravid uterus tends
to protect abdominal organs from trauma but substantially increases
the likelihood of bowel injury from penetrating trauma to the upper
abdomen. A trauma surgeon/trauma service should be activated or
consulted. With persistent hypotension after an initial 1-liter IV fluid
bolus, the massive transfusion protocol should be initiated in anticipa-
tion of the expected course of action. The patient will need to go to the
operating room for an exploratory laparotomy.
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	. The goals of the acute neurologic assessment of head trauma patients include detection of life-­threatening injuries and ident...
	. The GCS is a 15-­point scale used to quantify the patient’s LOC and as an objective method of following the patient’s neurolog...
	. An evaluation of the patient’s pupil size and responsiveness is performed early in the initial assessment of the head-­injured...
	. The patient’s acute motor examination assesses for strength and symmetry. If the patient is not cooperative or is comatose, mo...
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	. Skull radiography after head trauma has long been replaced by cranial CT, which is the cornerstone of imaging for acute head t...
	. Noncontrast CT of the head is the diagnostic standard for identifying intracranial injury in the ED. This scan delineates acut...
	. This is often associated with missile wounds that penetrate the sinuses but can be caused by free air sucked into the penetrat...
	. On CT scan, an EDH appears hyperdense, biconvex, ovoid, and lenticular. The EDH does not usually extend beyond the dural attac...
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	. The ultimate goal in the field is to prevent or minimize hypoxia. Out-­of-­hospital airway protocols balance the risks of emer...
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	. Primary airway compromise in the setting of head trauma may result from craniofacial or neck trauma, bleeding, or vomiting. Se...
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	. Under normal conditions, Paco2 is the most powerful determinant of CBF and, between a range of 20 and 80 mm Hg, CBF is linearl...
	. In patients with impending herniation who do not respond to first-­line therapies, cranial decompression may temporarily rever...
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	. Basilar fractures are the result of considerable impact force and are highly associated with underlying brain injury. Emergenc...
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	. Patients with brain contusions can often be treated conservatively, although almost half will have significant progression on ...
	. Many patients with an ICH require emergent intervention or surgery to lower elevated ICP. Mortality is low in patients who are...
	. Mortality from isolated traumatic intracerebellar hematoma is very high. Emergent neurosurgical consultation is indicated
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	. Brain abscesses develop infrequently after penetrating missile injuries to the head. Abscesses can also develop after open dep...
	. Cranial osteomyelitis can occur after penetrating injury to the skull. The clinical manifestations include pain, tenderness, s...

	Medical Complications
	. The injured brain is a source of tissue thromboplastin that activates the extrinsic clotting system. Disseminated intravascula...
	. Pulmonary complications in the hours to days following TBI are common. Acute lung injury has been theorized to occur from a va...
	. Cushing noted a connection between cardiac dysrhythmias and intracranial bleeding in the early 20th century, and a variety of ...


	Disposition
	Clinical Features
	Physical Examination
	Head and Neck
	Mental Status and Alertness
	Cranial Nerves
	Cognitive Function (Attention, Memory, Concentration)
	Vestibular Function (Balance, Gait, and Eye Movements)

	Differential Diagnoses
	Diagnostic Testing
	Neuroimaging in the Emergency Department with Computed Tomography
	Other Neuroimaging Modalities
	. CT is the imaging modality of choice for initial screening to exclude serious traumatic intracranial lesions in MTBI. However,...
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	. This zone includes the distal phalanx and DIP joint. Terminal tendon disruption from sudden flexion of the extended DIP joint ...
	. Injuries occur over the middle phalanx and are usually due to a laceration. Rarely, a mallet deformity will form from a lacera...
	. Injuries in this zone involve the PIP joint and the central slip. Boutonnière injury (flexion at the PIP joint with hyperexten...
	. This zone includes injuries over the proximal phalanx. Like in zone II, injuries usually occur from lacerations. The tendon is...
	. Injuries at this zone involve the sagittal band at the MCP joint. The most common injury is to the radial sagittal band of the...
	. Injuries at this zone occur over the metacarpals, most frequently secondary to lacerations. Complete lacerations are often mis...
	. Lacerations over the carpals and extensor retinaculum account for most injuries at this zone, though injuries may also occur w...

	Differential Diagnoses
	Diagnostic Testing
	Management
	. Most mallet finger injuries are successfully treated with immobilization, though injuries accompanied by fracture dislocations...
	. Incomplete lacerations can be managed with simple closure and splinting of the DIP in extension for 2 weeks. Complete lacerati...
	. Central slip disruptions (boutonnière injuries) are treated by splinting the PIP joint in extension for 4 to 6 weeks followed ...

	Zone IV Extensor Injuries Management
	. Stable sagittal band injuries (type I) can be treated with buddy or dynamic taping for 3 to 4 weeks. Acute injuries with sublu...
	. Clean, complete tendon lacerations may be repaired by an EM physician, though we recommend discussion with a hand specialist f...
	. If there is no need for immediate surgical intervention (such as gross contamination), wounds should be thoroughly irrigated f...
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	. The nail bed is frequently injured in a manner that ranges from minimal to severe. Injury occurs after direct trauma to the fi...
	. When evaluating a patient with a suspected nail bed injury, the EM clinician should also consider an underlying tuft fracture,...
	. Imaging is needed to determine if there is fracture of the finger tuft. PA, lateral, and oblique radiographs will identify a f...
	. For a subungual hematoma covering greater than 50% of the nail bed, the typical practice is to trephinate, or create an openin...
	. The injuries resulting in subungual hematomas with non-­displaced fractures can be followed up by primary care physicians as m...
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	Fingertip Amputations
	. Amputations of the fingertips are common, most often occurring in children. These injuries can result in macerated tissue, but...
	. When caring for a patient with a digit amputation, one should consider associated foreign bodies, proximal fractures, ligament...
	. Standard 3-­view x-­rays of the affected digit should be performed
	. Initial management includes assessment of the wound, control of bleeding, and thorough irrigation of the injury without furthe...
	. Immediate consultation with the hand specialist is needed for all but those with zone I and other minimal injuries. In the Uni...
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	. Herpetic whitlow is a cutaneous herpes simplex virus (HSV) infection seen on the fingers from contact with oral lesions via se...
	. Herpetic whitlow is sometimes confused with a paronychia or felon. Special attention should be given to the presence of vesicu...
	. Diagnosis is made through viral culture or PCR assay of the unroofed lesions
	. No antiviral therapy is indicated in immunocompetent patients because the disease is generally self-­limited, though oral acyc...

	Purulent Flexor Tenosynovitis
	. The most common symptom of purulent flexor tenosynovitis is fusiform swelling of the digit, with direct tenderness over the fl...
	. One should also consider trigger finger (stenosing tenosynovitis), Dupuytren contracture, tendon injury, inflammatory arthriti...
	. Plain films do not appear to distinguish between tenosynovitis and other general hand infections, though they are used to asse...
	. Skin contaminants of gram-­positive bacteria are typical in these infections, making early use of antibiotics appropriate. Ini...

	Deep Space Infections
	. Deep space infections of the volar side of the hand are found under the flexor tendons but above the interosseous muscles in t...
	. Consider compartment syndrome in patients with exceptional swelling, disproportional pain, and neurovascular compromise
	. Ultrasound and MRI are more sensitive than CT scan and often are needed to make the diagnosis early in the course of the disea...
	. The classic infectious organisms include Staphylococcus aureus and Streptococcus spp. Because there has been an increase in gr...
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	Scaphoid Fractures
	. Scaphoid fractures often occur after a fall on the outstretched hand, causing hyperextension of the wrist. These injuries are ...
	. Patients typically report radial-­sided wrist pain distal to the radial styloid with decreased range of motion of the wrist an...
	. Radiographic imaging remains the cornerstone for the evaluation of acute wrist trauma, but radiographic diagnosis of scaphoid ...
	. To avoid complications associated with delayed diagnosis, such as occult fracture displacement and AVN, patients with suspecte...

	Lunate fractures
	. Fractures of the lunate are relatively uncommon. This injury tends to occur in persons with a congenitally short ulna
	. Patients will experience pain over the dorsum of the wrist, exacerbated by axial loading of the long finger metacarpal. On phy...
	. In the ED, wrist radiographs are utilized to assess for lunate fractures; however, fractures of the lunate may be difficult to...
	. To minimize the risk of AVN, clinically suspected lunate fractures should be immobilized due to the possibility of occult luna...

	Triquetral Fractures
	. There are two main patterns of triquetral fractures that are observed: triquetral body and dorsal cortical chip fractures. An ...
	. Patients will experience local tenderness over the dorsal wrist (in the setting of dorsal cortical chips) or volar wrist (avul...
	. A fracture to the triquetral body is best seen on the AP view. Dorsal triquetral chip fractures are best seen on the standard ...
	. Treatment of triquetral fractures involves immobilization in a short arm volar splint. Urgent orthopedic referral within 5 to ...

	Pisiform Fractures
	. The pisiform is unique because it is the only sesamoid-­like carpal bone and attaches to the FCU tendon, articulating on its d...
	. Fractures of the pisiform usually occur from a fall on the outstretched hand but also may be seen after direct blows to the hy...
	. Pisiform fractures are poorly seen on routine wrist radiographs and are likely underreported. A reverse (supinated) oblique an...
	. Nondisplaced fractures of the pisiform generally carry a good prognosis and are treated conservatively, with immobilization in...

	Hamate Fractures
	. The hook or hamulus is the most common site of hamate fracture, although articular surfaces and body fractures are also seen
	. Fracture of the hook usually occurs from a fall on the outstretched hand or from a direct blow to the palm. A fracture to the ...
	. Hamate body and articular surface fractures are best seen on PA views of the wrist (Fig. 43.17). Standard wrist radiographs ha...
	. Confirmed hook of hamate fractures should be immobilized in a volar splint that includes the fourth and fifth MCP joints in fl...

	Trapezium Fractures
	. There are two main types of trapezium fractures, those involving the body and trapezial ridge
	. A direct blow to the adducted thumb causes fracture through the body of the trapezium, with transmittal of the force by the ba...
	. Although trapezium fractures may be seen on the AP view of the wrist, they are typically better visualized on oblique views (F...
	. Nondisplaced trapezium fractures are treated with immobilization in a short arm thumb spica splint, with orthopedic referral w...

	Capitate Fractures
	. The capitate lies in a central position in the distal carpal row and, because of this protected location, it is rarely fractur...
	. The mechanism generally is a direct blow to the dorsum of the wrist. Fractures may also be seen in association with perilunate...
	. Fractures usually are visible on the standard PA view of the wrist, although the lateral and oblique views may be helpful in d...
	. Identified or suspected nondisplaced fractures of the capitate should be managed with immobilization in a short arm thumb spic...

	Trapezoid Fractures
	. Trapezoid fractures are rare, usually seen in association with other carpal injuries
	. The typical mechanism of injury is a direct blow down the long axis of the index metacarpal, which may result in isolated frac...
	. The fracture may be visible on routine PA views of the wrist; however, oblique views may be superior for visualization of the ...
	. Confirmed or suspected nondisplaced trapezoid fractures should be immobilized with a short arm thumb spica splint with urgent ...

	Carpal Instability
	. The Mayfield classification of carpal instability is comprised of four distinct stages. Each stage represents a sequential int...
	. Carpal ligamentous injury is caused by wrist hyperextension, ulnar deviation, and intercarpal supination. Patients with these ...
	. A stage I injury, or scapholunate dissociation, results in a characteristic widening of the scapholunate joint on the PA view,...
	. Carpal dislocation injuries need emergent orthopedic consultation in the ED for reduction and stabilization. ED management of ...

	Radiocarpal Dislocation
	. Radiocarpal dislocations and fracture dislocations are considered extremely rare and are typically associated with high-­energ...
	. Patients are commonly involved in polytrauma scenarios. Dislocations may be volar or dorsal, although ulnar translation of the...
	. Radiographs of the wrist are typically sufficient to identify radiocarpal dislocations
	. Emergent reduction of these injuries is paramount because of the extensive soft tissue damage and commonly associated neurovas...


	Distal Radius and Ulna Injuries
	Colles Fracture
	. A Colles fracture refers to a transverse fracture of the distal radial metaphysis, which is dorsally displaced and angulated
	. Patients classically present with a “dinner fork deformity” on physical examination. The fracture usually is located within 2 ...
	. The PA view may show extension of the fracture into the radioulnar or radiocarpal joints and the amount of intraarticular step...
	. Most Colles fractures require ED reduction for restoration of radial length, correction of dorsal angulation (especially when ...

	Smith Fracture
	. Smith fracture is a transverse fracture of the metaphysis of the distal radius, with associated volar displacement and angulat...
	. The typical mechanism of injury involves a direct blow to the dorsum of the wrist or a fall onto the dorsum of the hand result...
	. The fracture is visible on PA and lateral radiographs of the wrist, but the lateral view best shows the degree of volar displa...
	. Treatment of this fracture involves closed reduction and immobilization in a splint if the fracture is extra-­articular, as di...

	Barton Fracture
	. Barton fracture is an oblique intraarticular fracture of the rim of the distal radius, with displacement and dislocation of th...

	Clinical features
	. Volar and dorsal rim fractures are visible on PA and lateral wrist radiographs; however, the lateral view best shows the degre...
	. Treatment of these unstable fractures requires emergent orthopedic consultation for reduction and fixation. Closed reduction m...

	Hutchinson Fracture
	. Hutchinson fracture, or chauffeur’s fracture, is an intra-­articular fracture of the radial styloid
	. The mechanism of injury is usually a direct blow or fall resulting in trauma to the radial side of the wrist. The term chauffe...
	. The fracture is seen best on the PA view of the wrist as a transverse fracture of the radial metaphysis, with extension throug...
	. Nondisplaced fractures may be immobilized in a sugar tong splint, with the patient given urgent orthopedic referral within 2 t...

	Distal Radioulnar Joint Disruption
	. Acute dislocation of the DRUJ can occur as an isolated injury, which is rare, or in association with a fracture to the distal ...
	. Certain characteristic findings on clinical examination may constitute the only clue to the presence of this injury. The typic...
	. Diagnosis often is difficult because when the injury occurs in isolation or is not suspected, plain radiographs commonly are r...
	. Treatment of DRUJ dislocations commonly requires emergent orthopedic consultation for reduction and stabilization. Closed redu...
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	44 - Humerus and Elbow Injuries
	Background and Importance
	Anatomy, Physiology, and Pathophysiology

	General Differential Diagnoses
	General Diagnostic Testing
	General Management
	General Disposition
	Specific Fractures
	Shaft of the Humerus
	. Fractures of the humeral shaft commonly result from a direct blow to the arm, severe twisting, or a fall on an outstretched ha...
	. Imaging studies should routinely include the shoulder and elbow joints. The humerus is a common site for benign tumors, unicam...
	. Isolated, closed fractures are treated with a high degree of success. Attempts at fracture reduction and external immobilizati...
	. Splinting can be done for comfort during patient manipulation but should be limited. Cefazolin (2 g intravenously) is given, a...
	.5 Radial nerve injury causes wrist drop with loss of the ability to extend the fingers and thumb.6 This nerve injury is most of...
	. All patients with humeral shaft fractures should be referred to an orthopedic surgeon for further evaluation within 48 hours a...

	Distal Humerus
	. Distal humerus fractures that occur proximal to the epicondyles are called supracondylar fractures. This type of fracture is a...
	Anchor 328
	. Extension supracondylar fractures occur as a consequence of a fall on the outstretched hand when the elbow is either fully ext...

	. Two diagnostic aids in evaluating for possible supracondylar fractures include using the anterior humeral line and evaluation ...
	. Current treatment recommendations for supracondylar fractures from the American Academy of Orthopedic Surgeons remain based on...
	Flexion type supracondylar fractures
	. Flexion-­type supracondylar injuries are much less common, with a reported frequency of about 2% of all supracondylar fracture...
	. Plain films may reveal a simple increase in the anterior angulation of the distal supracondylar fragment or gross displacement...
	. For flexion-­type supracondylar injuries, when the posterior periosteum is torn, the anterior periosteum functions as a tensio...


	Transcondylar Fractures
	. Both extension and flexion types of transcondylar fractures have been described based on the position of the elbow when fractu...
	. Transcondylar (or dicondylar) fractures have a fracture line, either transverse or crescent shaped, that passes through both c...
	. Transcondylar (or dicondylar) fractures are difficult to treat because the small distal fragment possesses little extra-­artic...

	Intercondylar Fractures
	. These injuries are rare and generally are seen in adults aged 50 to 70 years. The common mechanism of injury is direct trauma ...
	. Good-­quality anteroposterior and lateral radiographic views are essential in evaluating fracture displacement and comminution...
	. Treatment of intercondylar fractures is challenging. The goal of treatment is to reestablish articular congruity and alignment...

	Condylar Fractures
	. Condylar fractures are rare in adults and typically involve the articular surface and the non-­articular portion of the distal...
	. Diagnosis is usually made on standard anteroposterior and lateral views, although an oblique view also may be helpful. These f...
	. For condylar fractures, treatment depends on radiographic findings, but controversy exists about the accuracy of these finding...

	Capitellum and Trochlea Fractures
	. Fractures of the capitellum and trochlea typically occur together, usually as a result of posterior dislocation of the elbow, ...
	. For capitellum fractures, a lateral plain film usually shows the fragment lying anterior and proximal to the main portion of t...
	. Treatment of capitellum and trochlea fractures begins in the ED with a posterior splint, ice packs, elevation, compression, an...

	Epicondylar Fractures
	. Most epicondylar fractures involve the medial epicondyle. Medial epicondyle fractures are most common in children and adolesce...
	. Simple fractures of the medial epicondyle are extra-­articular injuries with limited soft tissue injury.18 They generally do n...
	. For epicondylar fractures, if the fracture fragment is minimally displaced (< 5 mm), treatment with a posterior splint is appr...

	Olecranon
	. Fractures of the olecranon commonly occur from a direct blow as a result of a fall, a motor vehicle or motorcycle crash, or an...
	. Lateral radiographic views provide the most information. In addition to the fracture, the degree of comminution, the extent of...
	. In olecranon fractures, non-­displacement in the 90-­degree flexion position indicates that the triceps aponeurosis tendon is ...

	Radial Head and Neck
	. Radial head and neck fractures, in general, are produced by an indirect mechanism, typically a fall on an outstretched hand. T...
	. Radiographic findings range from a subtle disruption of the usual gradual sweep of the radial neck and head surface to an obvi...
	. Radial head and neck fractures are classified by Manson criteria. Type I nondisplaced fractures are treated symptomatically wi...


	Dislocations/Subluxations
	Elbow
	. The elbow is inherently subject to mechanical instability because of its anatomic structure and dislocations are common. The e...
	. A radiographic example of posterior elbow dislocation before reduction is provided in Fig. 44.26. The anteroposterior view is ...
	. Rapid reduction of complete elbow dislocations is important to relieve pain and to prevent circulatory injury or cartilaginous...

	Radial Head Subluxation
	. Subluxation of the radial head (or “nursemaids’ elbow”) is a common injury, representing more than 20% of upper extremity inju...
	. When the history is suggestive of radial head subluxation, radiographs are not indicated and are rarely useful. If there is sw...
	. Reduction may be attempted in children with typical presentations and is safe even when the classic history is absent. Althoug...


	Soft Tissue Disorders
	Epicondylitis
	. Epicondylitis is a term first introduced to describe an inflammatory process that involves the radiohumeral joint or lateral e...
	. Radiographic findings may be normal, although with chronicity, calcifications may be present over the lateral epicondyle. Char...
	. Treatment includes protection, rest, ice, compression, elevation, and analgesics. Initial therapy includes avoidance of the in...

	Olecranon Bursitis
	. Olecranon bursitis is commonly caused by repetitive minor trauma, such as leaning on the elbow during work activities. It also...
	. The most important aspect of evaluation is the differentiation of a septic process from a benign inflammatory one, and this di...
	. Aspiration is diagnostic and therapeutic because relief of pressure relieves some of the pain. In cases of purulent bursitis, ...

	Biceps Tendon Rupture
	. Biceps tendon rupture occurs most commonly in the proximal portion of the long head of the biceps. It is most common in middle...
	. The patient’s history and physical exam is often diagnostic of such an injury, and radiographs are not revealing and usually n...
	. All patients require referral to an orthopedist within 72 hours for evaluation for early anatomic repair of complete ruptures....
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	45 - Shoulder Injuries
	Foundations
	Background and Importance
	Anatomy, Physiology, and Pathophysiology

	Clinical Features
	History
	Physical Examination

	Differential Diagnoses
	Diagnostic Testing
	Radiology

	Specific Injuries
	Fractures
	Clavicle
	. The clavicle accounts for 3% to 5% of all fractures with a 2:1 male to female ratio. It is also the most commonly fractured bo...
	. The affected extremity is held close to the body as a result of the effect of gravity and the pull of the muscles (pectoralis ...
	. In patients with direct fall onto lateral shoulder the differential diagnosis includes soft tissue injury (hematoma, contusion...
	. Clavicle-­specific plain radiographs may be required to confirm the presence of a fracture, although most clinically significa...
	. Principles of initial management for simple fractures include pain control, immobilization primarily for comfort, and proper f...
	. Most fractures of the clavicle heal uneventfully, and follow-­up can be provided by a primary care physician. A sling should b...

	Scapula
	. Fractures of the scapula are rare, accounting for approximately 1% of all shoulder fractures and caused by high-­energy trauma...
	. In a conscious patient, the shoulder is held in a position of most comfort, usually with the arm adducted and held close to th...
	. High energy trauma that can lead to a scapula fracture should also include the following on the differential diagnosis: rib fr...
	Diagnostic testing
	. The three-­view trauma shoulder series will reveal most scapular fractures, as will careful examination of the scapula on the ...

	. Presence of a scapular fracture should prompt a thorough search for associated thoracic, intracranial, orthopedic, and neurova...

	Proximal Humerus
	. Fractures of the proximal humerus occur primarily in the older population, in whom structural changes (osteoporosis) weaken th...
	. The affected arm is held close to the body, and movement is restricted by pain. Tenderness, hematoma, ecchymosis, deformity, o...
	. The differential diagnosis of a proximal humerus fracture includes: glenohumeral dislocation, AC joint separation, rotator cuf...
	. The three-­view trauma series allows for assessment of the number of fracture fragments and degree of displacement or angulati...
	. Minimally displaced fractures (see Fig. 45.12) constitute up to 80% to 85% of all cases. In these instances, limited displacem...

	Pediatric Proximal Humeral Fracture
	. Fractures of the proximal humeral physis and metaphysis are uncommon and account for a small proportion of pediatric fractures...
	. The patient typically holds the injured arm tightly against the body, using the opposite hand. The area over the proximal hume...
	. The differential diagnosis for pediatric proximal humeral fractures varies based on age and acuity of the injury. Differential...
	. Orthogonal radiographs help confirm the diagnosis. Comparison views may be helpful with minimally displaced fractures (Fig. 45...
	. Fractures of the proximal humeral epiphysis can result in significant permanent injury and disability as the physis accounts f...


	Dislocations
	Sternoclavicular
	. SCJ dislocations are infrequent and account for less than 1% of all dislocations.17 Significant forces are required to disrupt...
	. Clinical suspicion based on mechanism and exam is the single most important factor in diagnosing these injuries. The injured e...
	. The differential diagnosis for patients with traumatic SC joint pain include medial clavicle fracture, rib fracture, costochon...
	. Although diagnosed clinically, sternoclavicular dislocation requires radiological confirmation. Findings on standard anteropos...
	. Treatment of grade I injuries includes sling immobilization for comfort and primary care follow-­up. Immobilization generally ...

	Acromioclavicular Joint
	. Injuries of the ACJ occur primarily in young men as a result of MVCs, bicycle accidents, or participation in high impact conta...
	. Patients should be examined while they are upright, because the supine position can mask ACJ instability, and it is helpful to...
	. While a lateral blow to the shoulder can cause an AC joint dislocation, other important diagnostic considerations include dist...
	Diagnostic testing
	. The recommended projections include routine anteroposterior and axillary lateral view to evaluate for vertical migration of th...

	. Type I and II injuries should be immobilized in a sling for comfort and to remove stress on injured ligaments. Patients with t...

	Glenohumeral Dislocations
	. The GHJ is the most commonly dislocated major joint in the body. Dislocation follows a bimodal age distribution for men, age 2...

	Anterior Dislocations
	. Anterior dislocations can result from indirect or direct forces. In younger persons, the injury usually is sustained during at...
	. The patient presents in severe pain often supporting the dislocated shoulder with the opposite extremity. The lateral edge of ...
	. Patients presenting with shoulder pain and a full anterior shoulder on examination should be evaluated for glenohumeral disloc...
	Diagnostic testing
	. Radiographs including anterior-posterior, trans-­scapular Y view, and axillary lateral will confirm the clinical diagnosis and...

	. Reduction of the dislocation should be accomplished expeditiously, because the incidence of neurovascular complications increa...

	Posterior Dislocation
	. Posterior dislocations are uncommon, accounting for fewer than 5% of all glenohumeral dislocations.24,26 The glenoid fossa act...
	. Early diagnosis is essential to prevent long-­term complications. The affected arm is held across the chest in adduction and i...
	. Posterior glenohumeral subluxation is a much more common event than posterior glenohumeral dislocation and remains an importan...
	Diagnostic testing
	. True or standard anteroposterior radiographs can appear deceptively normal with posterior dislocations. Radiographic features ...

	. Closed reduction may be attempted in the ED with procedural sedation. The technique incorporates internal rotation and lateral...

	Inferior Glenohumeral Dislocation (Luxatio Erecta)
	. Luxatio erecta is a rare type (<0.5%) of glenohumeral dislocation in which the superior aspect of the humeral head is forced b...
	. Clinically, the patient has the arm locked overhead in 110 to 160 degrees of abduction. The elbow usually is flexed, and the f...
	. Luxatio erectae dislocations are easily mistaken, diagnosed, and treated as subglenoid anterior dislocations, because the radi...
	Diagnostic testing
	. Standard radiographs show the superior articular surface inferior to the glenoid fossa (Fig. 45.28). In addition, the humeral ...

	. Reduction usually can be accomplished by traction/countertraction maneuvers (Fig. 45.29) under procedural sedation. Regional a...

	Scapulothoracic Dissociation
	. Scapulothoracic dissociation is a rare and severe injury characterized by complete disruption of the scapulothoracic articulat...
	. Because most patients present with significant concomitant trauma, the dislocation may not be initially recognized. Massive lo...

	. Scapulothoracic disassociation is the result of a significant forceful movement and evaluation for concurrent neurovascular in...
	. Vascular and neurologic injuries can be confirmed through emergent CT angiography and MRI.30
	. Identification is a critical step in the management of this injury. Rarely occurring in isolation, these dislocations will typ...


	Soft Tissue Conditions
	Impingement Syndrome
	. Impingement syndrome of the subacromial space occurs across a wide spectrum of the population from the young adult overhead th...
	. The spectrum of illness is marked by a progression of symptoms. Initially patients report a dull ache around the deltoid area ...
	. People presenting with vague shoulder pain localizing to lateral shoulder that is worse with movement may have impingement syn...
	. POCUS can show thickening of the supraspinatus tendon and associated fluid in the subacromial bursa.31
	. Initial treatment for impingement syndrome is conservative and consists of rest, simple analgesia using acetaminophen or analg...

	Rotator Cuff Tears
	. The rotator cuff acts as a dynamic stabilizer of the GHJ. Its primary function is to hold the humeral head in place throughout...
	. With acute tears, patients report a sudden tearing sensation in the shoulder followed by severe pain that radiates into the la...
	. Rotator cuff tears are rarely acute traumatic injuries. In the evaluation of a suspected chronic rotator cuff tear alternative...
	Diagnostic testing
	. Plain radiographs likely will be normal in acute or chronic tears and are not generally indicated.34 If obtained, they may sho...

	. Acute tears should be immobilized in a sling for comfort and the patient referred for orthopedic follow-­up within 1 to 2 week...

	Lesions of the Biceps Muscle
	Bicipital Tendinitis
	. Anatomically, the long head of the biceps is subject to the same stresses as those incurred by the rotator cuff within the sub...
	. On examination, point tenderness can be elicited over the biceps tendon as it passes through the bicipital groove. This is bes...
	. The differential diagnosis of insidious onset anterior shoulder pain includes proximal biceps tendon tear, rotator cuff tear, ...
	Diagnostic testing
	. Radiographs are usually normal and not indicated unless fracture or dislocation is suspected. If obtained, they may show evide...

	. Emergency treatment consists of rest (sling for comfort), ice, and oral analgesia. Gentle exercises are encouraged as symptoms...

	Ruptures of the Biceps Tendon
	. Ruptures of the biceps tendon can be classified into proximal and distal types. Distal ruptures are rare (estimated to have an...
	. The classic history of an acute rupture is that of a sudden snap or pop, followed by pain and ecchymosis along the arm. Recent...
	. Alternative differential considerations for anterior shoulder pain after an acute pop include: subluxing bicep tendon, rotator...
	Diagnostic testing
	. Radiographic findings usually are unremarkable, and the confirmatory test of choice is MRI. POCUS can be used to identify pres...

	. The injured arm should be immobilized in a sling with the elbow in 90 degrees of flexion. The patient should be referred to an...

	Calcific Tendinitis
	. Shoulder calcific tendinitis affects up to 10% of the population and frequently is encountered in the ED. The condition affect...
	. The clinical presentation can be divided into silent, subacute, and acute phases based on the physical characteristics of the ...
	. The clinical presentation of symptomatic calcific tendinopathy can be similar to that of rotator cuff tendinopathy, rotator cu...
	Diagnostic testing
	. Radiographs show calcific deposits in the involved tendon (Fig. 45.33). POCUS can identify and effectively localize calcific d...

	. The acute phase should be treated with a sling for comfort, NSAIDs, and avoidance of offending activities. Refer patients to p...

	Adhesive Capsulitis
	. Adhesive capsulitis (“frozen shoulder”) is a specific diagnostic entity characterized by an idiopathic inflammatory reaction w...
	. Risk factors for developing adhesive capsulitis include female sex, age between 40 and 60 years old, thyroid disease, and diab...
	. Asymmetric limitations in passive and active range of motion are hallmarks of adhesive capsulitis. Other causes of limited pas...
	. The diagnosis of adhesive capsulitis is typically made based on a clinical exam and history alone. Radiographs are helpful to ...
	. The best form of therapy is preventive in nature. Prolonged shoulder immobilization is to be avoided, and early motion encoura...

	Injection Therapy
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	Pathophysiology and Key Patterns of Pelvic Fracture
	Stable Injuries (Tile Type A)
	. The normal pelvis is not completely rigid, due to the slight mobility at the sacroiliac joints and symphysis pubis and the inh...
	. Transverse fractures of the sacrum do not compromise the pelvic ring. Transverse fractures at or below the S4 level are unlike...
	. These usually occur during athletic activities and are the result of a sudden, forceful muscular contraction or excessive musc...
	. Stress fractures can occur with vigorous athletic or military training or during the last trimester of pregnancy. The diagnosi...
	. Pathologic fracture related to neoplasm, Paget disease, or dietary osteomalacia should be included in the differential diagnos...

	Partially Stable and Unstable Injuries (Tile Types B and C)
	. Severe anteroposterior compression forces cause disruption at or near the symphysis pubis. The symphysis is normally ≤0.5 cm i...
	. Lateral compression of the pelvic ring results in varying degrees of internal rotation of the affected hemipelvis. Initially, ...
	. Vertical shear injuries are the most unstable injuries affecting the pelvic ring and are associated with violent axial loading...
	. A crucial distinction in considering sacral fractures is that transverse fractures do not involve the pelvic ring, but vertica...
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	Management
	Resuscitation
	Control of Hemorrhage
	Stabilizing the Pelvis
	. The most readily available means to stabilize the pelvis quickly in the ED is a sheet and towel clamps. Wrapping the pelvis ti...
	. External fixation of the pelvis is performed by orthopedic surgeons to prevent movement at fracture sites and to control bleed...
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	47 - Femur and Hip Injuries
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	Anatomy of the Hip and Femur
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	Nerves

	Pathophysiology and Key Patterns of Injury
	Fractures and Trauma of the Femur and Hip
	Osteoporosis of the Femur
	. A large percentage of the American population experiences chronic pain from degenerative osteoarthritis of the hip. Disability...

	Avascular Necrosis
	Myositis Ossificans
	Calcific Bursitis and Calcifying Peritendinitis
	Neoplastic Disease in the Hip

	History
	Physical Examination


	Differential Diagnoses
	Diagnostic Testing
	Radiographic Evaluation
	Occult Hip Fracture


	Management
	Traction and Immobilization
	Open Fracture Care
	Compartment Syndrome
	Pain Management
	Systemic Analgesia
	Pharmacologic Approaches
	Femoral Nerve Block

	Specific Fractures of the Hip and Femur
	Avulsion Fractures
	. The incidence of avulsion fractures is increasing as a result of the growth of competitive sports and outdoor activities, espe...
	. The athlete classically experiences a sudden piercing pain at the site of injury, along with a “snapping” or “popping” sound a...
	. The differential diagnoses of these avulsion fractures include muscle strain and tears, tendinopathy, and hip dislocations
	. As depicted in Fig. 47.15, avulsion at the ASIS involves the separation of a thin piece of bone as the sartorius muscle sudden...

	Proximal Femur Fracture
	Femoral Neck Fractures
	. Femoral neck fractures are classified as either nondisplaced or displaced. Between 15% and 20% of all femoral neck fractures a...
	. On initial evaluation, a patient with a displaced fracture of the femoral neck lies with the limb externally rotated, abducted...
	. Plain hip radiographs generally confirm the diagnosis of a femoral neck fracture
	. Treatment of these displaced fractures consists of open reduction and internal fixation (ORIF), hemiarthroplasty, or total hip...
	. Patients with femoral neck fractures should be admitted for operative repair

	Intertrochanteric Fractures
	. The fracture line of intertrochanteric fractures extends between the greater and lesser trochanters of the femur. These injuri...
	. The strong action of the iliopsoas muscle causes the leg to be shortened and externally rotated
	. Plain hip radiographs generally confirm the diagnosis of intertrochanteric fractures
	. A substantial majority of intertrochanteric fractures require internal fixation. Such fixation brings rapid mobilization, decr...
	. Patients with intertrochanteric fractures should be admitted for operative repair

	Isolated Fractures of the Greater or Lesser Trochanter
	. Isolated fractures of the greater or lesser trochanter are rare. They occur in women more often than in men and are the result...
	. Patients present with hip pain and tenderness over their trochanter
	. Plain hip radiographs generally confirm the diagnosis of these isolated fractures
	. Treatment consists of pain control and early mobilization with crutches; weight bearing is allowed as tolerated
	. Satisfactory outpatient management of this injury is possible because the healing process and prognosis is generally good

	Subtrochanteric Fractures
	. Subtrochanteric fractures occur between the lesser trochanter and the proximal 5 cm of the femoral shaft. They may accompany i...
	. Plain hip radiographs confirm the diagnosis of most subtrochanteric fractures
	. Definitive management of subtrochanteric fractures is complex. Maintaining limb length and controlling rotation are difficult....
	. Patient with subtrochanteric fractures should be admitted for operative repair

	Femoral Shaft Fractures
	. Femoral shaft fractures are common injuries in young adults after high-­energy trauma. As is the case with other femoral corti...
	. Patients often arrive with the injured extremity immobilized by traction devices, which should be removed while immobilization...
	. Plain hip radiographs including full length views of the femur confirm most femoral shaft fractures
	. Internal fixation with intramedullary rods has been demonstrated to shorten both hospitalization and total disability time aft...
	. Patients with femoral shaft fractures should be admitted for operative repair

	Stress Fractures
	. Femoral neck stress fractures or reactions occur when normal bone is subjected repeatedly to submaximal forces. This recurring...
	. The symptoms of a stress fracture of the femoral neck are often subtle and can be mistaken for a muscle strain or an overuse i...
	. Radiographs are helpful if they demonstrate a fracture, but findings are often negative until 10 to 14 days after the symptoms...
	. Treatment of stress fractures of the femoral neck is based on involvement of the compressive or tensile aspect. Compressive-­s...
	. Urgent orthopedic consultation for decision of operative versus nonoperative treatment is recommended for these types of stres...


	Dislocations and Fracture-­Dislocations of the Hip and Femur
	Hip Dislocations
	. Dislocations and fracture-­dislocations of the hip are true orthopedic emergencies. The hip joint possesses impressive inheren...
	. The position of the injured extremity might provide valuable clues in the evaluation of a hip dislocation. A patient with a po...
	. Radiologic investigation begins with an anteroposterior view of the pelvis. This view alone will identify the majority of hip ...
	. Hip dislocations constitute a true orthopedic emergency, and reduction should be performed within 6 hours. The incidence of AV...
	. Most patients with a native hip dislocation will require admission to the hospital and urgent orthopedic referral for serial e...

	Fracture-­Dislocation of the Femoral Head
	. Hip dislocations can be associated with fractures of the femoral head (Fig. 47.29A). Femoral head fracture occurs in 35% to 55...
	. When a femoral head fracture and hip dislocation coexist, patients assume the position typical for the dislocation. Hip mobili...
	. Radiographs should be evaluated for any femoral head fracture in patients with hip dislocations. Evidence for fracture of the ...
	. In most cases, satisfactory results can be obtained with closed reduction (see Fig. 47.29B). Several experts recommend obtaini...
	. Patient with fracture-­dislocation of the femoral head should be admitted for operative management

	Dislocation of Hip Prosthetics
	. An increasing number of patients have undergone hip arthroplasty. In addition to those procedures performed for treatment of f...
	. Most patients will present with inability to bear weight with associated hip or groin pain. The affected leg with be externall...
	. Radiologic investigation begins with an anteroposterior view of the pelvis. See the Hip Dislocation section in this chapter fo...
	. Reduction techniques for prosthetic hip dislocations are identical to those described earlier but are not as time dependent as...
	. Consultation with an orthopedic surgeon is recommended for development of a long-­term treatment plan for the patient as chron...


	Soft Tissue Injuries
	Muscular Injuries
	. Strenuous exercise by a poorly conditioned person, sudden exertion, and direct trauma all can injure soft tissues. Cold temper...
	. Partial tears are reversible injuries that are aggravated by movement or tension. Mild spasm, swelling, ecchymosis, and tender...
	. Differential diagnoses of these soft tissue injuries include muscle strain, partial and complete muscle tears, ligamentous or ...
	. In the ED, plain radiographs can be obtained to exclude any fractures. Bedside ultrasound is also helpful in evaluating for pa...
	. Initial management of incomplete tears traditionally includes the local application of ice for the first 48 hours, followed by...
	. Any patient with significant injury should be referred for physical therapy. A complete muscle tear requires follow-­up care w...

	Tendon Injuries
	. Clinically, tendinopathies tend to have a more insidious onset than that typical for muscle strains. These strains occur at th...
	. Local pain over the tendon, exacerbated by stretching of the tendon, is a common physical examination finding. Pain may radiat...
	. Differential diagnoses of these tendon injuries include avulsion fractures, partial or complete tears of the muscles or tendon...
	. Ultrasound imaging may lend additional diagnostic information. MRI can provide a definitive diagnosis but is not indicated in ...
	. Treatment of a tendon strain is similar to that for other soft tissue injuries. The use of crutches with weight bearing as tol...
	. Most patients will require follow up with an orthopedic or sports medicine specialist within a week

	Osteitis Pubis
	. Osteitis pubis is characterized by pubic symphysis pain and joint disruption and is most common in distance runners and soccer...
	. Clinically, patients have groin pain of insidious onset, with most reporting pain at the symphysis and adductor muscles. Pain ...
	. Osteitis pubis has been associated with spontaneous cases of pubic symphysis osteomyelitis and should be considered in the dif...
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	. Orthopedic or vascular surgery consultation is recommended if any partial or complete vascular tear is found. Fracture reducti...
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	. Most traumatic nerve injuries will be observed in the hospital or require urgent orthopedic consultation. Neurapraxia from com...
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	. An osteochondral lesion should be considered in any patient with an acute ligamentous ankle injury with a joint effusion. Most...
	. Differential diagnoses of osteochondral lesions include those items outlined in Box 49.2
	. Plain radiography can identify significant osteochondral defects, although CT is useful in identifying occult osteochondral le...
	. When an acute osteochondral lesion is confirmed or suspected, patients are best managed with outpatient orthopedic or sports m...

	Subtalar Dislocations
	. Subtalar dislocation, also called peritalar dislocation, is the simultaneous disruption of the talocalcaneal and talonavicular...
	. Obvious deformity is typically present, often with skin tension on the side opposite the direction of dislocation. Neurovascul...
	. Although standard foot radiographic views are diagnostic, properly positioning the patient for them may be difficult. The sing...
	. Subtalar dislocations require emergent reduction. Most closed subtalar dislocations can be treated with closed reduction with ...
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	. Although standard foot radiographs usually identify navicular fractures, advanced imaging with CT may be necessary. This is pa...
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	. The majority of navicular fractures are suitable for outpatient orthopedic referral. Nondisplaced dorsal avulsion fractures in...
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	. Lisfranc injuries carry a significant risk of long-­term disability resulting from arthritis, instability, foot deformity, and...
	. The diagnosis of Lisfranc injury can be a challenge, particularly in the case of low-­energy, isolated ligamentous injuries. C...
	. See Table 49.3 for differential diagnoses of Lisfranc (tarsometatarsal) fractures and dislocations
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	. Metatarsal fractures are common and account for one-­third of foot fractures. Management depends both on the specific location...
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	. Patients will present with pain, tenderness, and swelling in the midfoot and usually inability to bear weight
	. See Table 49.3 for a list of differential diagnoses of metatarsal fractures
	. Plain radiographs are generally adequate for diagnosis of acute fractures. CT imaging may better delineate the diagnosis, part...
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	. The fifth metatarsal is the most commonly fractured metatarsal. Fractures of the fifth metatarsal are divided anatomically int...
	. Fractures of the shaft of the 5th metatarsal are often referred to as “dancers’ fractures.” These injuries result from an inve...
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	. See Box 49.2 and Table 49.3 for a list of differential diagnoses of fifth metatarsal fractures
	. Plain radiographs are generally adequate for diagnosis of acute fractures of the fifth metatarsal
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	Phalangeal Fractures
	. Phalangeal fractures are the most common forefoot fracture. The proximal phalanges are more commonly fractured than middle or ...
	. Although phalangeal fractures generally are considered minor injuries, they can lead to disabling sequelae. Patients present w...
	. See Table 49.3 listing differential diagnoses for phalangeal fractures
	. As with metatarsal fractures, carefully assessed standard radiographic views are sufficient to demonstrate phalangeal fracture...

	. Most phalangeal fractures are easily managed and heal well. Large (greater than 50% of the nail bed) and symptomatic subungual...
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	. See Table 49.3 describing differential diagnoses of metatarsophalangeal dislocations
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	. Most MTP joint dislocations can be managed without orthopedic consultation. If crepitus or obvious instability is present, or ...
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	. Refer to Table 49.3 for differential diagnoses of nontraumatic forefoot pain
	. Although the vast majority of nontraumatic forefoot pain is diagnosed clinically, plain radiography may be useful to rule out ...
	. Most diagnoses of nontraumatic forefoot pain may be managed on a nonurgent basis by a podiatrist or primary care physician. Mo...
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	. Wound closure with simple interrupted sutures is the most common method of laceration repair in the ED and the majority of wou...
	. The needle is placed to one side of the laceration margin and enters the skin at approximately 90 degrees. To pass the needle ...

	. Placing cutaneous sutures in wounds under tension can lead to ischemia of the wound margin and an unsightly scar. Proper place...
	.. Placement of buried sutures differs from traditional suturing because of the need to bury the knot deep to the skin. Failure ...

	. In contrast to small lacerations elsewhere on the body, most scalp lacerations require repair because of the propensity to ble...
	. Anesthesia with epinephrine is recommended to help control bleeding. Hair removal is necessary only if the hair makes closure ...

	. Most commonly seen in elders and the chronically ill, skin tears can be a treatment dilemma for emergency clinicians. These te...
	. Vertical mattress sutures improve wound edge eversion. They are also used to close gaping wounds and deep lacerations that may...
	. A vertical mattress suture technique is a combination of deep and superficial components. The needle is introduced at a 90-­de...

	. Horizontal mattress sutures are useful to help disperse excess skin tension and to evert wound edges. The scalp, which has min...
	. The initial step is to pass the needle as for a simple interrupted stitch (Fig. 50.4). On exiting the skin, however, the needl...

	. Redundant tissue may be left on one side of the repair as the closure nears completion, especially with curvilinear laceration...
	. The laceration repair begins in a traditional manner and continues to approximately the final 1 cm of the wound (Fig. 50.5). A...

	. Jagged and triangular wounds create corners that can be difficult to repair. The clinician must avoid placing the suture direc...
	. The needle is introduced percutaneously through the non-­flap side of the wound a few millimeters from the corner of the wound...

	. The V-­Y closure is indicated for the repair of V-­shaped wounds with tissue loss or with nonviable margins that must be trimm...
	. Nonviable tissue is trimmed with fine iris scissors (Fig. 50.7). The long V-­shaped portion of the wound is sutured with simpl...
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	. The ideal suture is inert to metabolism, resistant to infection and inflammatory reactions, has great tensile strength, does n...
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	. Tape closure may be superior to closure with sutures and staples if applied in the appropriate circumstances. In general, the ...
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	. European and Canadian physicians have used tissue adhesives (butyl-­2-­cyanoacrylates) for many years. In 1998, octyl-­2-­cyan...

	Antibiotic Prophylaxis
	. Antibiotic prophylaxis with an antibiotic covering skin flora (e.g., cefazolin IV, cephalexin PO) is recommended for patients ...
	. Wounds that involve joints or open fractures require prophylactic antibiotics. Prospective randomized controlled studies have ...
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	. Lacerations of the oral mucosa involve bacteria-­rich oral secretions and may become infected slightly more often (6% to 12%) ...
	. Puncture wounds of the foot are seen frequently in the ED. These wounds are often caused by common carpentry nails, although o...
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	. Drains have no role in ED wound care. In general, drains are placed when a collection of fluid exists or may develop. The pres...
	. Various dressing materials are available. The microenvironment created by a dressing affects the biology of healing. The optim...
	. Wounds in proximity to joints must be immobilized as part of routine care. Splinting the injured body part places the injury a...
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	. B virus disease in humans has an incubation period as short as 2 days but more commonly 2 to 5 weeks. The disease often starts...
	. The bacteria isolated from infected monkey bites is similar to that from infected human bites, with a predominance of Staphylo...
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