
Pediatric Oncologic Emergencies

Although the diagnosis of cancer in childhood is relatively rare, with an annual 
incidence of 165 cases per million,1 it remains the leading cause of death by disease 
in children, accounting for approximately 10% of all childhood fatalities.2 Since 
1970, childhood cancer survival rates have increased from 45% to more than 80%.3 
This dramatic increase in survival has been accomplished due to the availability 
of new therapies and therapeutic strategies, as well as to prompt diagnosis and 
enhanced supportive care, including that provided in the emergency department 
setting. 

The pediatric oncology patient may present with a variety of life-threatening 
situations, including those resulting from structural or functional compromise of 
the cardiopulmonary or neurologic systems, hematologic abnormalities, or a com-
promised immune system. Emergencies in these patients may occur as a result of 
the disease itself or as a consequence of treatment. The emergency department is 
often the first point of contact for newly diagnosed pediatric oncology patients, and 
they may be quite ill on initial presentation. Children with known malignancies 
often are immunocompromised secondary to their treatment and, as a result, pose 
unique diagnostic and therapeutic challenges.

This article will highlight six of the most commonly encountered oncologic 
emergencies.

— Ann Dietrich, MD, FAAP, FACEP, Editor

Emergencies Related to Structural Compromise
Malignancies of the Central Nervous System (CNS). Brain Tumors. Brain 

tumors are the most common solid tumors in childhood and the second most 
common type of childhood cancer overall.4 Patients with CNS lesions are at 
risk for rapid deterioration as a result of increased intracranial pressure (ICP). 
Consequently, rapid diagnosis may be life-saving in this population. However, 
children and adolescents with brain tumors often present with non-specific 
complaints and, as a result, pediatric patients with CNS masses often make 
several visits to their primary care physician or emergency department prior to 
obtaining a diagnosis. Careful attention to the history and physical exam can 
assist the practitioner in determining which patients warrant imaging studies to 
evaluate for an intracranial mass. 

Headache is perhaps the most common presenting complaint for a CNS 
mass. In a study of 3,291 subjects in the Childhood Brain Tumor Consortium 
Databank, 62% of children with brain tumors experienced chronic or frequent 
headaches prior to their first hospitalization.5 Headache is a common complaint 
in the pediatric population, and accounts for a significant number of visits to 
emergency departments and pediatrician offices. Most patients presenting with 
such a complaint do not require further radiologic investigation. However, 
specific features of the headache and associated signs and symptoms should 
increase the practitioner’s suspicion that this may be the result of a more seri-
ous condition. The practitioner should evaluate for signs of increased ICP or 
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localizing signs or symptoms. Table 
1 lists symptoms that should raise 
suspicion that the headache may be 
secondary to a brain tumor.

A thorough physical examination, 
including a complete neurological 
and fundoscopic exam, is essential 
in making the diagnosis of a brain 
tumor and evaluating for increased 
ICP. More than 97% of patients with 
a brain tumor, presenting with a 
headache, will have a documentable 
neurologic abnormality found on 
physical exam.5,6 Macrocephaly and 
splitting of sutures may be present in 
infants. Limitation in eye movement, 
visual field defects, seizures, and gait 
disturbance are suggestive of signifi-
cant CNS pathology.

A computed tomography (CT) 
scan should be obtained for gross 
brain structural evaluation and signs 
of increased ICP if magnetic reso-
nance imaging (MRI) cannot be 
performed. CT imaging must be 
reviewed with caution because it 
is not very accurate for evaluating 
brain tumors, especially posterior 
fossa tumors. MRI is the preferred 
test to evaluate brain structure, but 
may not be feasible in the emergency 
setting. Lumbar puncture should be 
approached with caution, and prefer-
ably deferred if increased ICP is sus-
pected, as this can lead to herniation.

Emergent treatment of increased 
ICP consists of elevation of the head 
of the bed, intravenous dexametha-
sone at a loading dose of 0.5-2 mg/
kg, followed by 0.25-0.5 mg/kg 
IV every 6 hours. Mannitol 20% 
solution and hypertonic saline solu-
tion should also be considered. 
Intravenous fluids of normal saline 
at a rate of 75% maintenance may 

be started. Endotracheal intubation 
should be considered in severe cases 
to control airway and partial pressure 
of carbon dioxide. Immediate pediat-
ric neurosurgical consultation should 
be obtained. Oncology and radiation 
oncology consultations should be 
obtained.

Spinal Cord Compression (SCC). 
SCC occurs in approximately 3-5% 
of all pediatric oncology patients.7 If 
not detected and treated in a timely 
manner, SCC may lead to irrevers-
ible neurologic damage, including 
permanent paralysis. SCC is the most 
common cause of lower limb paraly-
sis in children.8 Early recognition 
and treatment of cord compression is 
essential to decrease long-term mor-
bidity. Appropriate, definitive man-
agement is best determined through 
multidisciplinary consultation with 
pediatric oncology, neurosurgery, 
and radiation oncology. SCC may 
result from virtually any malignancy 
and can present either at the time of 
diagnosis or as the disease progresses.  

SCC may occur as a result of an 
infiltrative paraspinous process, 
tumors originating from the ver-
tebral process, intrinsic spinal cord 
tumors, or infiltrative lesions. In the 
pediatric patient, cord compression 
most frequently results from a para-
vertebral tumor extending through 
the intervertebral foramina (e.g., 
soft-tissue sarcomas, tumors of neu-
rogenic origin).8 Tumors growing 
through the intervertebral foramina 
initially cause mechanical nerve root 
compression. If growth continues, 
transverse myelitis (inflammation of 
gray and white matter of the spinal 
cord) ultimately may occur. Also, the 
venous plexus may be compressed 

at the intravertebral level, result-
ing in ischemic injury to the cord.10 
Intradural spinal metastasis from an 
intracranial process (e.g., medul-
loblastoma) also may lead to cord 
compromise. These lesions tend to 
occur in the lumbosacral region. 
Primary spinal cord tumors, such as 
an intramedullary astrocytoma, also 
may be the cause of pain and neu-
rologic symptoms in children. More 
rarely, leukemic chloromas may be a 
cause of SCC. Chloromas are more 
commonly due to acute myelog-
enous leukemia (AML) as opposed 
to acute lymphoblastic leukemia 
(ALL).11 Leukemic infiltration of the 
spinal cord has a predilection for the 
cauda equina or conus medullaris,12 
and patients should be screened for 
symptoms of cord involvement.13   

SCC should be suspected in any 
pediatric oncology patient presenting 
with back pain or suggestive neuro-
logic findings. Localized or radicular 
back pain occurs in 80% of children 
with SCC.7 Back pain in any child 
with a malignancy is highly suspi-
cious for SCC and deserves further 
investigation. Patients with SCC 
also may present with complaints 

 � More than 97% of patients with a brain tumor, present-
ing with a headache, will have a documentable neuro-
logic abnormality found on physical exam.

 � Localized or radicular back pain occurs in 80% of chil-
dren with spinal cord compression.

 � Orthopnea, upper body edema, and dyspnea at rest are 
all associated with increased anesthesia risk in a child 
with superior mediastinal syndrome.

 � Tumor lysis syndrome is characterized by the triad of 
hyperkalemia, hyperuricemia, and hyperphosphatemia 
and is often complicated by secondary renal failure and 
symptomatic hypocalcemia.

Executive Summary

Table 1. Symptoms 
Suggestive of a Brain 
Tumor as the Etiology of 
Headache 
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of motor or sensory abnormalities. 
Depending on the rate of tumor 
growth, the pain and/or deficits may 
be long-standing (present for weeks 
to months) and slowly progressive, 
or more acute in nature. History 
should elicit the time course and 
include questioning about changes 
in gait and bowel or bladder habits. 
Tenderness to palpation tends to 
localize to the site of the lesion. A 
thorough neurologic examination 
should be performed, with atten-
tion to motor strength, reflexes, gait 
abnormalities, sensation, and sphinc-
ter tone. The diagnosis of SCC is 
particularly challenging in the infant 
or young child who cannot verbalize 
back pain; regression in motor mile-
stones or refusal to ambulate may be 
initial symptoms.  

Imaging studies should be 
obtained as soon as possible. Plain 
radiographs are insufficiently sensi-
tive. The optimal study in a patient 
with potential SCC is an MRI. In 
the rare case where an MRI cannot 
be performed in a timely manner, 
CT myelography is an acceptable 
alternative.  

If SCC is suspected, dexametha-
sone should be initiated without 
delay. Corticosteroid therapy may 
decrease cord edema and preserve 
neurologic function while plans for 
more definitive therapy are under-
way. Optimal dosing of dexametha-
sone is not known; a loading dose of 
1-2 mg/kg IV, followed by 0.25-0.5 
mg/kg every 6 hours, has been sug-
gested. If lymphoma or a leukemic 
infiltrate is the cause of the SCC, 
dexamethasone has the potential to 
be cytolytic and may lead to tumor 
lysis syndrome.

Definitive therapeutic options 
include surgical resection, radia-
tion therapy, and/or chemotherapy. 
The optimal choice of treatment 
is best determined by a multidisci-
plinary team. Treatment choice will 
be influenced by whether a tissue 
diagnosis has been made, radio- and 
chemosensitivity of the tumor, extent 
of disease, and the degree of neuro-
logic compromise present. Studies 
have suggested that the degree of 
neurologic deficit at the time of 

presentation and the duration of 
symptoms prior to initiating therapy 
both correlate with the ultimate 
functional outcome, regardless of 
the treatment method employed. 
When planning definitive therapy, 
both acute relief of SCC as well as 
long-term sequelae of the treatment 
modality used should be considered. 
Radiation therapy and surgical resec-
tion, while offering more immediate 
benefit in terms of local tumor con-
trol, may lead to long-term sequelae 
in terms of growth problems and 
scoliosis. For this reason, chemo-
therapy is generally the treatment 
of choice in a child with a chemo-
sensitive process such as lymphoma, 
leukemia, or disseminated neuroblas-
toma and who has minimal symp-
toms of SCC.14 If SCC occurs in 
the setting of progressive refractory 
disease, palliative therapy for SCC 
should not be withheld, as it may 
have a substantial positive impact on 
the quality of life.  

Mediastinal Mass, Superior 
Mediastinal/Superior Vena Caval 
Syndrome. Masses within the medi-
astinum are fairly common in chil-
dren, and the differential diagnosis 
is quite different than one would 
consider for an adult patient.15 In the 
young infant, congenital anomalies 
should be considered. Children may 
present with a mass in the posterior 
mediastinum, often representing a 
neurogenic tumor such as neuro-
blastoma. The differential diagnosis 
of a mediastinal mass in a pediatric 
patient depends on the age of the 
child, the rapidity with which symp-
toms develop, and the mediastinal 
compartment that contains the mass. 
The majority of children or adoles-
cents presenting with a mediastinal 
mass who are experiencing respira-
tory compromise ultimately will be 
diagnosed with a malignancy, most 
often lymphoma. Table 2 shows 
the differential diagnosis of a medi-
astinal mass by location within the 
mediastinum.

Children presenting with an ante-
rior mediastinal mass often have 
symptoms suggestive of a respiratory 
infection, such as cough, fever, and 
wheezing. It is not uncommon for a 

child with a mediastinal mass to pres-
ent to a medical facility and receive a 
diagnosis of a respiratory tract infec-
tion or asthma exacerbation on more 
than one occasion prior to receiving 
imaging studies and detection of the 
mass. Therefore, it is critical that the 
practitioner keep broad differential 
diagnoses in mind and perform a 
thorough physical exam and detailed 
history, especially in the child with 
wheezing or dyspnea with no previ-
ous history of asthma. 

Masses in the anterior mediasti-
num have the potential to create 
life-threatening compromise of the 
airway or cardiovascular system. 
Superior mediastinal syndrome 
(SMS) refers to compression of the 
trachea or mainstem bronchi by a 
mediastinal mass. SMS is closely 
related to superior vena caval syn-
drome (SVCS), which refers to 
compression or obstruction of the 
vena cava. These two entities often 
coexist. In children, the trachea and 
mainstem bronchi are very com-
pliant and vulnerable to collapse 

Table 2. Differential 
Diagnosis of a Mediastinal 
Mass by Location Within 
the Mediastinum
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from external compression. The 
superior vena cava is a thin-walled 
vessel with low intraluminal pres-
sure. Compression by a mediastinal 
mass or obstruction by a tumor or 
thrombosis leads to venous stasis 
and diminished blood return to the 
heart. (See Table 3.) It should be 
noted that a child with an indwelling 
central venous catheter may develop 
SVCS secondary to thrombosis of 
the catheter. SMS and SVCS gener-
ally result from compression from a 
mass in the anterior compartment 
of the mediastinum, with lymphoma 
being the most common cause. 
Children with leukemia also may 
present with a mediastinal mass; 
therefore, it is important that all 
newly diagnosed leukemia patients 
have a chest X-ray performed as part 
of their initial evaluation.  

A thorough history and physical 
exam should be performed on any 
child or adolescent with a suspected 
mediastinal mass, with particular 
attention to signs and symptoms of 
SMS/SVCS.  

Children with SMS and/or SVCS 
may be asymptomatic at the time 
of presentation, or they may come 
to medical attention just prior to 
cardiopulmonary collapse. In some 
cases, the airway may be so tenu-
ous that total airway loss may be 

precipitated by simply placing the 
child in a supine or flexed position. 
Once there is suspicion of a medias-
tinal process, care must be taken to 
protect the airway. When performing 
the physical exam or while obtaining 
imaging studies, it is important that 
the child not be forced to lie in a 
position that may precipitate airway 
collapse. Diagnosis and initiation of 
therapy should occur in the most 
expeditious and least invasive manner 
possible.

Children with evidence of SMS/
SVCS must be managed with care to 
avoid complete loss of the airway or 
cardiovascular collapse. In particular, 
the use of procedural sedation or 
general anesthesia should be avoided 
until a thorough evaluation of the 
child’s anesthesia risk has been com-
pleted. Several clinical factors have 
been associated with an increased 
risk for life-threatening anesthesia-
related complications in the context 
of SMS. Orthopnea, upper body 
edema, and dyspnea at rest have 
all been associated with increased 
anesthesia risk.16 Orthopnea most 
closely correlates with the level of 
risk assumed, and questioning for 
this symptom should occur directly, 
as parents may not give such infor-
mation unless it is specifically asked. 
Although these elements of the 
physical exam and history should be 
taken into consideration, it should be 
noted that the degree of symptoms 
does not always correlate with the 
degree of airway compromise,17 since 
anesthesia-related deaths have been 
reported in asymptomatic children 
with anterior mediastinal masses.18-20 
Therefore, in a child with a known 
mediastinal mass, a CT scan and 
pulmonary function testing should 
be performed prior to subjecting the 
child to anesthetics. A CT scan can 
assess the tracheal cross-sectional 
area (TCA), which can then be com-
pared to well-established norms for 
age and gender.21 Pulmonary func-
tion testing to determine the peak 
expiratory flow rate (PEFR) may 
be done fairly easily at the child’s 
bedside with a handheld device, and 
readings should be done in both the 
sitting and supine position. Studies 

have shown that children with a 
TCA and PEFR of > 50% for age can 
be safely given general anesthesia 
or procedural sedation if needed.22 
Table 4 shows findings for relative 
contraindications for anesthesia in a 
child with a mediastinal mass.

In severe cases of SMS, empiric 
therapy may need to be employed 
prior to making a tissue diagnosis. 
In most cases, empiric corticosteroid 
therapy will provide sufficient tumor 
reduction.23 However, administra-
tion of steroids may result in tumor 
lysis syndrome and may impair the 
ability to make a diagnosis. Steroids, 
therefore, should be given only 
in an immediately life-threatening 
situation after consultation with a 
pediatric oncologist. Even more 
rarely, the mass may not be sensitive 
to corticosteroids, and emergent 
radiation therapy may be consid-
ered.24 However, in most cases, a 
tissue diagnosis can be made prior to 
instituting therapy. If general anes-
thesia or sedation must be avoided, 
the use of local anesthesia with the 
child in a seated position should be 
considered.  

Hematologic 
Emergencies

Hyperleukocytosis. Leukemia is 
the most common type of childhood 
malignancy. Approximately 3500 
children are diagnosed with acute 
leukemia in the United States each 
year, accounting for approximately 
one-third of childhood cancers.25 
The presentation of leukemia var-
ies widely, from children present-
ing with only mild symptoms, such 
as fatigue, to those presenting in 
extremis. Likewise, the degree of 
hematologic derangement in a newly 
diagnosed pediatric patient ranges 
from a normal peripheral blood 
count to life-threatening hyperleu-
kocytosis, defined as a white blood 
cell (WBC) count of greater than 
100,000 per μL.  

Hyperleukocytosis is present at the 
time of diagnosis in approximately 
10% of cases of ALL.26 Among ALL 
patients, those with infant leukemia, 
hypodiploid chromosome blasts, 
and those with T-cell ALL are at 

Table 3. Signs and 
Symptoms of SVCS
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particular risk for hyperleukocyto-
sis.26 The clinician should be certain 
to obtain a chest X-ray early in the 
initial management of the ALL 
patient with hyperleukocytosis, as 
the presence of a mediastinal mass in 
these patients is not uncommon.26 
Five percent to 20% of pediatric 
AML cases will present with hyper-
leukocytosis, and virtually all patients 
with chronic myelogenous leukemia 
(CML) will have hyperleukocytosis 
at diagnosis.27,28  

Hyperleukocytosis results in 
hyperviscosity and leukostasis. 
Aggregation of leukemic blasts 
occurs in the microvasculature, 
which may result in multisystem 
organ dysfunction. End-organ dam-
age results from interaction between 
aggregates of leukemic blasts and 
injured epithelium. This interaction 
leads to tissue hypoxia, with resultant 
release of inflammatory cytokines.29 
Myeloblasts are more apt to cause 
damage due to their larger size and 
increased adhesiveness.30 Leukostasis 
may cause devastating dysfunction 
in any organ system. In the central 
nervous system, cerebrovascular 
accidents, both thrombotic and 
hemorrhagic, may occur spontane-
ously. This is most common in the 
setting of AML.27 From a cardio-
vascular standpoint, fatal pericardial 
hemorrhages secondary to hyper-
leukocytosis have been reported. 
Pulmonary complications also may 
occur, including hypoxia, pulmonary 
hemorrhage, and respiratory fail-
ure. Intra-abdominal complications, 
including gastrointestinal bleeds, 
are also possible.27 Splenic rupture is 
most commonly a risk in the patient 

with extreme hyperleukocytosis 
and CML. In addition to the dam-
age caused by leukostasis, children 
with hyperleukocytosis from acute 
leukemia are at risk for the meta-
bolic complications from tumor lysis 
syndrome, including renal failure, 
hypocalcemia, hyperphosphatemia, 
and hyperuricemia. Life-threatening 
metabolic abnormalities occur more 
commonly in the setting of hyper-
leukocytosis in ALL.27 This topic 
is covered more thoroughly in the 
tumor lysis section. Disseminated 
intravascular coagulation (DIC) is 
most common in high white-blood-
cell count AML patients. All patients 
with hyperleukocytosis should be 
screened for a coagulopathy, as cor-
rection of these abnormalities may 
decrease the incidence of bleeding 
complications.27  

Patients with hyperleukocytosis 
should be closely monitored for 
signs and symptoms of end-organ 
damage. Neurologic symptoms may 
include headache, seizures, and 
altered mental status. On examina-
tion, papilledema or retinal vascular 
distention may be detected. Pulse 
oximetry should be employed to 
detect hypoxia, and the patient 
should be screened for other signs 
and symptoms of respiratory com-
promise. Priapism, clitoral enlarge-
ment, and dactylitis, all secondary to 
leukostasis, may be present on physi-
cal examination.  

Children with hyperleukocytosis 
are at increased risk of death early 
in their course of treatment. The 
threshold at which hyperleukocytosis 
becomes clinically significant varies 
by leukemia type. This is most likely 

due to differences in adhesiveness 
of the leukemic blasts in different 
types of leukemia. The risk of fatal 
complications is highest in patients 
with AML with hyperleukocytosis. 
In patients with hyperleukocytosis, 
early death occurs in approximately 
20% of patients with AML and 5% 
of patients with ALL.27 Studies have 
suggested that life-threatening vis-
cosity becomes increasingly prevalent 
at WBC greater than 200,000/μL in 
AML and greater than 300,000/μL 
in ALL and CML.23 

Aggressive supportive care and 
prompt consultation with a pediatric 
oncologist for initiation of cytore-
ductive chemotherapy reduces the 
risk of early death in these patients. 
Supportive care is directed at cor-
rection and prevention of metabolic 
abnormalities and coagulopathies. 
Table 5 outlines the suggested 
initial studies and management of 
the patient with hyperleukocytosis. 
Hydration should be instituted. 
Supplemental potassium should 
not be given, even in the setting of 
hypokalemia, as hyperkalemia may 
result from tumor lysis even prior to 
the initiation of therapy. The patient 
should be monitored very closely for 
the development of metabolic abnor-
malities. Efforts should be made to 
correct coagulopathies, including the 
transfusion of platelets if the plate-
let count is < 25,000 per μL. For 
the anemic patient, red blood cell 
transfusion should be avoided if the 
patient is hemodynamically stable, as 
this will further increase the blood 
viscosity. Emergent cranial radia-
tion, which has been used in the past 
in an effort to prevent intracranial 
bleeds, is of no proven benefit and 
is no longer routinely employed or 
recommended.27 Leukapheresis and 
exchange transfusion may be consid-
ered as temporizing measures or to 
reduce the leukemic burden prior to 
initiation of cytoreductive therapy; 
however, this remains controver-
sial.26,31,32 It should be noted that 
the blast count will rise again quickly 
after these procedures are completed. 
Prompt initiation of effective cytore-
ductive therapy remains critical. 

Tumor Lysis Syndrome. Tumor 

Table 4. Critical Airway: Relative Contraindications to 
Anesthesia in a Child with a Mediastinal Mass
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lysis syndrome (TLS) is an oncologic 
emergency characterized by a triad 
of hyperkalemia, hyperuricemia, and 
hyperphosphatemia, and it is often 
complicated by secondary renal fail-
ure and symptomatic hypocalcemia. 
TLS may occur prior to the initia-
tion of cytoreductive therapy and 
up to one week after initiation of 
therapy. When tumor cells lyse, large 
amounts of intracellular chemicals 
are released into the circulation and 
may cause metabolic derangements, 
which may lead to renal dysfunction 
and cardiac dysrhythmia. 

TLS may occur with any malig-
nancy with rapid cell turnover 
and high tumor burden. It most 
commonly occurs in the setting of 
leukemia or high-grade lymphoma. 
Children with hyperuricemia or 

renal insufficiency at presentation are 
at particularly high risk. Evidence 
of tumor lysis may be present prior 
to the initiation of the chemo-
therapy or after the child receives 
corticosteroids. 

Conditions at highest risk for TLS 
include:

• ALL or AML (WBC >100,000/
μL)

• Leukemia with massive lymph-
adenopathy and/or organomegaly

• T-cell ALL
• Infant leukemia
• Burkitt’s lymphoma
• Large cell lymphoma.
Laboratory monitoring should 

include CBC and blood chemistries, 
with specific attention paid to serum 
potassium, calcium, magnesium, 
phosphate, uric acid, creatinine, urea 

nitrogen, and lactate dehydrogenase. 
Initially, these studies should be 
done every 6 hours, and then spread 
out as the tumor lysis improves. 
Fluid input and output should be 
monitored closely, and body weight 
documented twice daily. Sequential 
vital signs should be performed and 
a cardiopulmonary monitor with 
multi-lead ECG should be used to 
monitor for effects of hyperkalemia. 
(See Table 6.)

Interventions should be initiated 
to prevent TLS in tumors with a risk 
of TLS, and aggressive treatments 
should be started if there is evidence 
of TLS. These include hydration 
and alkalinization. Urine alkaliniza-
tion helps with excretion of uric acid 
but should be performed with care 
because a urine pH > 7.5 may lead 
to precipitation of CaPO4 and xan-
thine crystals. Hyperkalemia should 
be treated with hydration, sodium 
polystyrene sulfonate, calcium glu-
conate, or insulin and dextrose as 
needed. Dialysis may be needed. 
Hyperphosphatemia can be treated 
with aluminium hydroxide, and 
dialysis may be necessary. 

Hyperuricemia is treated with allo-
purinol and, when possible, should 
be started prior to initiation of cyto-
lytic therapy. For severe hyperurice-
mia, rasburicase may be used. Table 
7 outlines suggested intervention for 
the management of TLS.

Infections in the 
Immunocompromised 
Child 

Febrile Neutropenia. The 
advances made in the overall survival 
rates for children over the past few 
decades have been due, in part, to 
an increased intensity of chemo-
therapy given to pediatric patients. 
Cancer-directed therapy for this 
population is often quite cytotoxic 
to rapidly growing cells, often 
resulting in hematologic and immu-
nologic suppression and breakdown 
of normal mucosal barriers. Selected 
patients may also be receiving radia-
tion therapy, which may result in 
further tissue injury and impairment 
of the body’s innate immunologic 

Table 5. Initial Supportive Therapy in the Setting of 
Hyperleukocytosis
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barriers. Additionally, most pediat-
ric cancer patients have indwelling 
central venous access, representing a 
further breakdown in the body’s nat-
ural defenses against infection. As a 

result, children receiving therapy for 
cancer are at high risk for life-threat-
ening infections, which are known 
to occur, especially in the setting of 
neutropenia. Although fever in the 

general pediatric patient is a fairly 
common, often benign presenting 
complaint, fever in the potentially 
neutropenic pediatric cancer patient 
is a medical emergency and needs to 
be recognized quickly as such, with 
prompt initiation of treatment. 

The generally accepted definition 
of fever in the neutropenic patient is 
a single temperature of greater than 
38.3°C (101° F) or two consecutive 
temperatures greater than 38.0°C 
(100.4°F) taken orally in a 12-hour 
period and lasting at least 1 hour.33 
It should be noted that axillary tem-
perature is, on average, about 0.6°C 
lower than oral temperature. Rectal 
temperature should never be per-
formed in children with neutropenia. 
Note that the absence of fever in a 
neutropenic patient with localizing 
signs or symptoms does not exclude 
infection. This is particularly true of 
the child receiving steroid therapy 
as a part of treatment. Such patients 
may present with non-specific com-
plaints as the only sign of bacteremia. 
Clinically significant neutropenia is 
defined as an absolute neutrophil 
count (ANC) < 500/�L or < 1,000/
�L and expected to decline due to 
recent chemotherapy administration. 

Certain risk factors place the 
febrile neutropenic patient at partic-
ularly high risk. Patients with severe 
neutropenia, prolonged neutropenia, 
and those who developed neutrope-
nia over a short period of time are 
at highest risk for the development 
of septicemia.34 Individuals with an 
ANC of less than 200 are particularly 
vulnerable, as are those patients who 
have been neutropenic for more than 
10 days. 

A thorough history and physical 
examination should be performed, 
with particular attention to potential 
sites of infection (oral lesions, peri-
rectal tenderness, and central venous 
access sites). Rectal temperatures 
should be avoided due to the risk of 
bacteremia from colorectal organ-
isms. Neutropenic patients do not 
have the ability to mount the same 
degree of inflammatory response 
as an immunocompetent host. As a 
result, the localizing signs and symp-
toms may be subtle (e.g., pneumonia 

Table 7. Prevention and Treatment of TLS
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may present with mild respiratory 
symptoms and may not have charac-
teristic findings on examination or 
CXR). Any reported areas of discom-
fort should be pursued as potential 
sites of infection. 

The initial laboratory work-up 
of a febrile neutropenic pediatric 
oncology patient should include, 
at a minimum, a CBC, electrolytes, 
BUN/creatinine, and blood cul-
tures for bacteria and fungi from all 
lumens of the central venous access 
device. Peripheral blood cultures are 
not routinely needed. Urinalysis and 
urine culture should be obtained. A 
chest X-ray should be considered and 
certainly obtained if hypoxia, tachy-
pnea, physical exam findings sug-
gestive of a respiratory infection, or 
respiratory complaints are present.35 
Stool studies and wound cultures 
should be considered if the history 
warrants. Meningitis is fairly rare 
in the febrile neutropenic patient; 
however, a lumbar puncture should 
be considered if there is alteration of 
mental status or neck stiffness. 

Neutropenic patients are at risk 
for both common and opportunistic 
infections; therefore, the differential 
diagnosis of the febrile neutropenic 
patient is broad. Bacterial infections 
are the most common type of infec-
tion in this patient population and 
they present the most immediate risk 
to life. Broad-spectrum antimicrobials 
should be instituted within 30 min-
utes of presentation to a medical facil-
ity. Administration of broad-spectrum 
antimicrobials should not be delayed 

while awaiting laboratory results or 
imaging studies. The optimal choice 
of empiric antibiotic therapy is guided 
by institutional susceptibility and 
resistance patterns and history and 
exam findings unique to the individ-
ual patient. At a minimum, treatment 
should include a broad-spectrum 
beta-lactam antibiotic with antipseu-
domonal coverage. Potential agents 
for monotherapy include piperacillin/
tazobactam, third- and fourth-gen-
eration cephalosporins (ceftazidime, 
cefepime), or carbapenems (imipe-
nem, meropenem).36-40 

In certain circumstances, mono-
therapy may be inadequate as 
empiric coverage. In the case of 
clinical sepsis, triple therapy with 
vancomycin and an aminoglycoside 
should be considered. Recent data 
suggest a shift in the overall trend 
of positive cultures toward increased 
infection with Gram-positive organ-
isms in the febrile neutropenic 
patient.41 There are several circum-
stances under which Gram-positive 
coverage should be broadened, 
including severe mucositis, potential 
line infections, and concern for cel-
lulitis. In addition, recent treatment 
with high-dose cytarabine raises the 
risk for Gram-positive infection, 
particularly Streptococcus viridans.42 
If any of these risk factors are pres-
ent, there should be a low threshold 
for adding vancomycin. Abdominal 
pain may be a particularly ominous 
symptom in the neutropenic patient, 
as it may indicate the onset of neu-
tropenic enterocolitis (typhlitis). 

In such a setting, or in the case 
of a perirectal infection, coverage 
should include a broad-spectrum 
beta-lactam antibiotic with antip-
seudomonal coverage, vancomycin, 
and additional anaerobic coverage 
such as metronidazole. If respira-
tory symptoms are present, coverage 
for atypical organisms, and perhaps 
vancomycin, should be considered. 
Table 8 shows the suggested initial 
antibiotic management of the febrile 
neutropenic patient, and Table 9 
shows additional antibiotic coverage 
for specific indications.

In addition to bacterial infections, 
oncology patients with prolonged 
severe neutropenia are at risk for 
opportunistic infections. Pediatric 
oncology patients routinely receive 
prophylaxis against Pneumocystis 
jirovecii (carinii), but there are 
instances of noncompliance, and 
breakthrough infections may occur 
even in the patient receiving pro-
phylaxis. Significant hypoxia and dif-
fuse infiltrates on chest X-ray should 
raise concern for Pneumocystis jir-
ovecii pneumonia (formerly PCP). 
Fungal infections are possible causes 
of fever in the neutropenic patient. 
Antifungal coverage should be con-
sidered after consultation with the 
patient’s oncologist. Viral infections 
such as HSV, varicella, RSV, and 
influenza may be life-threatening 
in the neutropenic pediatric patient 
and should be considered in the dif-
ferential diagnosis. When symptoms 
and community infection patterns 
are suggestive, rapid RSV or influ-
enza testing should be employed, 
and practitioners should have a low 
threshold for administering antiviral 
agents to such patients when the 
situation warrants.  

Other Common 
Oncologic Emergencies

Pleural and Pericardial 
Effusions. Pleural or pericardial 
effusions may result from the pri-
mary malignancy, from complica-
tions of treatment such as radiation 
therapy, or from infectious com-
plications. Dyspnea and cough are 
common presenting symptoms. 
Evaluation should include a chest 

Table 8. Frequently Chosen Antibiotics for Febrile 
Neutropenia
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radiograph, ECG, echocardiography, 
and monitoring of central venous 
pressure. Echocardiography is the 
most useful test in the confirmation 
of pericardial effusions. If there is 
significant respiratory distress or cir-
culatory compromise, thoracentesis 
and pericardiocentesis for pleural 
effusion and pericardial effusions, 
respectively, should be considered in 
addition to routine resuscitative mea-
sures. Steroids should be considered 
for steroid-responsive tumors.

Bowel Obstruction or 
Perforation. This may result from 
the tumor process, such as Burkitt’s 
lymphoma, or as a complication 
of treatment, such as steroids. 
Vincristine often leads to constipa-
tion and, if not treated, may cause 
obstipation. Whenever an acute 
abdomen is suspected in an onco-
logic patient, the patient should be 
placed on NPO status and surgical 
consultation should be obtained.

Syndrome of Inappropriate 
Antidiuretic Hormone (SIADH). 
Several agents may cause SIADH 
with resultant hyponatremia, which 
may result in mental status changes 
and seizures. Fluid restriction is 
usually sufficient in mild cases. 
Administration of hypertonic solu-
tion should be considered in severe 
cases. Furosemide to promote 
free water excretion may be help-
ful. Electrolytes, especially sodium, 
should be monitored closely.

Pancreatitis. This frequently 

occurs as a complication of che-
motherapy and may present with 
abdominal pain, nausea and vomit-
ing, anorexia, and fever. Evaluation 
should include complete blood 
count, complete metabolic panel, 
and lipase and amylase enzyme lev-
els. Treatment should include pain 
management, NPO status, intrave-
nous fluids, and hospital admission. 
A nasogastric tube should be placed 
in patients with ongoing emesis, and 
antibiotics should be administered to 
febrile or septic patients.

Coagulopathy. This can result 
either in bleeding or deep venous 
thrombosis. A complete physical 
exam, including a careful neuro-
logic exam, should be performed. 
Laboratory studies should include a 
complete blood count, PT, APTT, 
D-dimer, and fibrinogen. Imaging 
of suspected deep vein thrombosis 
(DVT) sites should be performed. 
Treatment with fresh frozen plasma 
and cryoprecipitate should be con-
sidered.44 Careful anticoagulation 
should be initiated in patients with 
DVT with no evidence of bleeding.  

Summary
Cancer is the leading medi-

cal cause of death in children. 
Morbidity and mortality are either 
directly secondary to the cancer or 
to complications of treatment. The 
significant improvements in child-
hood cancer survival that have been 
witnessed in the past 25 years are 

due to improvements in chemo-
therapy, radiation therapy, surgical 
techniques, supportive care, and the 
recognition and treatment of onco-
logic emergencies. Prompt recogni-
tion and appropriate management of 
oncologic emergencies can decrease 
patient agony, decrease mortality, 
and minimize long-term sequelae. A 
multidisciplinary approach involving 
the emergency department physician, 
the oncologist, and radiation oncolo-
gist is essential in achieving optimal 
outcomes.

Brain tumors and other cancers 
that spread to the CNS can cause 
increased intracranial pressure, the 
symptoms of which can range from 
subtle to obvious. Management 
ranges from observation to adminis-
tration of corticosteroids, mannitol, 
cytoreductive chemotherapy, to 
emergent radiation therapy. Spinal 
cord compression can result from 
intradural or extradural malignan-
cies. If not treated promptly, it can 
result in paralysis and other sequelae. 
Management includes observation, 
cytoreductive chemotherapy, corti-
costeroids, intrathecal chemotherapy, 
radiation therapy, and surgical 
decompression.

Mediastinal tumors can result in 
airway compromise or vascular com-
promise. If airway compromise is 
suspected, care should be taken to 
avoid placing the patient in positions 
that may worsen airway compromise. 
Sedation and anesthesia should be 

Table 9. Indications for Specific Antimicrobial Therapy in Addition to Broad-spectrum 
Antibiotic
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considered with care. Emergent 
cytoreductive therapy with steroids 
and/or radiation therapy may be 
necessary.

Rapid proliferating and high 
tumor-burden cancers can lead 
to tumor lysis syndrome. Tumor 
lysis may occur even prior to the 
initiation of cytoreductive chemo-
therapy. Hydration, alkalinization, 
and allopurinol may be necessary. 
Rasburicase should be considered in 
severe hyperuricemia, provided the 
patient is not G6PD deficient. Severe 
tumor lysis syndrome may necessitate 
dialysis.

Fever in the neutropenic patient 
is an emergency, and prompt evalu-
ation and administration of broad-
spectrum antibiotics are needed. 
Blood culture from indwelling 
catheters should be collected, prefer-
ably prior to initiation of antibiot-
ics. However, the administration of 
antibiotics should not be delayed for 
diagnostic studies.

The awareness and vigilance 
of emergency care providers and 
other physicians for possible onco-
logic emergencies are critical in 
maintaining and further improving 
good outcomes for children with 
malignancies.
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Physician CME Questions

43. Cancer is the leading nontraumatic cause 
of death in children.
A. true
B. false

44. Which of the following is an oncologic 
emergency?
A. spinal cord compression
B. tumor lysis syndrome
C. neutropenic fever
D. superior mediastinal syndrome
E. all of the above

45. Which of the following is a sign of 
increased intracranial pressure?
A. headache
B. papilledema
C. emesis
D. splitting of sutures
E. all of the above

46. Steroids are contraindicated in spinal cord 
compression.
A. true
B. false

47. Which of the following cancers is not 
likely to present with a mediastinal mass?
A. T-cell ALL
B. Hodgkin lymphoma
C. neuroblastoma
D. Wilms’ tumor

48. When a child with signs of respiratory 
distress secondary to a mediastinal mass 
presents, the following measure should be 
taken immediately:
A. intubation
B. emergent radiation therapy
C. place in supine position
D. allow the child to choose preferred 

posture

49. Which of the following findings is not 
suggestive of tumor lysis syndrome?
A. hyperkalemia
B. hyperuricemia
C. hypercalcemia
D. hyperphosphatemia

50. Which of the following is not part of the 
management of tumor lysis syndrome?
A. hydration
B. alkalinization
C. fluid restriction
D. allopurinol
E. rasburicase

51. Which of the following is a possible com-
plication of hyperleukocytosis?
A. mental status changes
B. respiratory distress
C. thromboembolism

D. tumor lysis syndrome
E. all of the above

52. It is important to cover for Pseudomonas 
in a child presenting with neutropenic 
fever.
A. true
B. false 
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1. Are the articles in Pediatric Emergency Medicine Reports
written about issues of importance and concern to you?

2. How would you describe your satisfaction
with your subscription to PEMR?

A. Very satisfied
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Questions 3-14 ask about articles appearing in Pediatric
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the following manner:

3. Trauma Evaluation (June 2010)

A. very useful B. fairly useful C. not very useful D. not useful at all

A B C D

A B C D

A B C D
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A B C D

A B C D
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7. Critical Child (Oct. 2010)
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9. Burn Management (Dec. 2010)
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14. Oncologic Emergencies (May 2011)

A B C D
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A B C D
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32. What do you like most about Pediatric Emergency Medicine Reports?

33. What do you like least about Pediatric Emergency Medicine Reports?

34. What specific topics would you like to see addressed in Pediatric Emergency Medicine Reports?

Contact information (optional):

Please rate your level of satisfaction with the following items.

22. Quality of newsletter A B C D
A B C D
A B C D
A B C D
A B C D
A B C D

23. Article selections
24. Timeliness
25. Quality of Trauma Reports
26. Length of newsletter
27. Overall value
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28. Customer service A B C D
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emergency medicine do you subscribe?

30. Which publication or information source do you find most useful, and why?

35. Has reading Pediatric Emergency Medicine Reports changed your clinical practice? If yes, how?

31. Please list the top three challenges you face in your job today.



Exclusive to our subscribers Rapid Access Management Guidelines

Pediatric  
Oncologic  

Emergencies

Symptoms Suggestive of a 
Brain Tumor as the Etiology 
of Headache

• Occipital location of 
headache

• Worsening symptoms
• Awakens patient at night
• Associated with focal 

symptoms
• Emesis

Differential Diagnosis 
of a Mediastinal Mass 
by Location Within the 
Mediastinum

Anterior
• Lymphoma
• Leukemia
• Malignant germ-cell tumor
• Benign teratoma
• Thymic lesion (thymic 

hyperplasia, thymoma, thymic 
cyst)

• Substernal thyroid

Middle
• Lymphoma
• Tuberculosis
• Histiocytosis
• Sarcoidosis
• Anomalies of the great 

vessels

Posterior
• Neuroblastoma
• Ganglioneuroblastoma
• Sarcoma

Signs and Symptoms  
of SVCS

• Facial swelling
• Upper body edema
• Cyanosis of the face or upper 

body
• Plethora
• Conjunctival edema or 

suffusion
• Headache
• Tachycardia
• Elevated venous pressure
• Vocal cord paralysis, 

hoarseness
• Dyspnea
• Cough
• Decreased mentation
• Horner’s syndrome

Critical Airway: Relative 
Contraindications to Anesthesia  
in a Child with a Mediastinal Mass

• Orthopnea
• Upper body edema
• Dyspnea
• Clinical fi ndings of impending respiratory failure
• Tracheal cross-sectional area < 50% normal for age and sex
• Severe compression of one or both mainstem bronchi
• Peak expiratory fl ow rate of < 50% predicted (performed in sitting 

and supine position)

Initial Supportive Therapy  
in the Setting of Hyperleukocytosis

• Hydration: D5 1/2 NS at 3000 mL/m2/day. No supplemental 
potassium should be given. Consider alkalinized fl uids if 
allopurinol is being used and patient is not hyperphosphatemic.

• Treatment of hyperuricemia
 • Allopurinol 300 mg/m2 divided TID
 • Consider administration of rasburicase if patient is 
  hyperuricemic and not G6PD defi cient.

• Transfuse platelets if platelet count is < 25,000/μL.
• Correct other signifi cant coagulopathies.
• Avoid transfusion of packed red blood cells if hemodynamically 

stable.
NOTE: Management of hyperuricemia and tumor lysis covered more 
thoroughly in tumor lysis section.

Laboratory Studies and Clinical 
Monitoring

• CBC, calcium, phosphate, magnesium, uric acid, urea nitrogen, 
creatinine, lactate dehydrogenase at presentation and then every 
6-12 hours depending on risk

• Sequential vital signs
• Strict assessment of intake and output
• Body weight once to twice daily
• Cardiorespiratory monitor with multi-lead ECG as needed for 

hyperkalemia (e.g., if K > 6 mEq/L, look for wide QRS and peaked 
T waves)

• Close clinical evaluation for signs of hypocalcemia or renal failure
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Indications for Specific Antimicrobial Therapy in Addition  
to Broad-spectrum Antibiotic

Prevention and Treatment of TLS

Frequently Chosen Antibiotics  
for Febrile Neutropenia

Indication Antimicrobial Therapy

Clinical sepsis Broad-spectrum antibiotic + vancomycin + aminoglycoside

High-dose cytarabine chemotherapy 
or mucositis or cellulitis or concern 
for CVC infection

Broad-spectrum antibiotic + vancomycin

Pulmonary infi ltrates Broad-spectrum antibiotic + vancomycin + atypical antibacterial 
agent; if infi ltrates are diffuse and hypoxia is present, consider 
treatment for PJP (PCP)

Abdominal symptoms Broad-spectrum antibiotic + vancomycin + aminoglycoside + 
metronidazole or clindamycin

Perirectal lesions Broad-spectrum antibiotic + vancomycin + metronidazole or 
clindamycin

Delay and/or titrate cytolytic therapy (if possible) until prophylactic 
measures can be implemented (see “hydration therapy,” “urinary 
alkalinization,” “hyperuricemia management” below). AVOID intravenous 
radiologic contrast agents that might precipitate renal failure.

Hydration therapy • Administer IV fl uid: D5 0.2% NaCl + NaHCO3
 

40 mEq/L at 3000 mL/m2/day
• Urine output goal: ≥ 100 mL/m2/hour OR 3 

mL/kg/hour (if body weight is < 10 kg) 
• Urine specifi c gravity goal ≤ 1.010 
• Diuretics may be required (furosemide or 

mannitol)

Urinary alkalinization
(see IV fl uid above)

• Urine pH goal 6.5-7.5 to aid in excretion of 
uric acid 
Note urine pH > 7.5 may increase 
precipitation of CaPO4 and xanthine crystals

• Adjust amount of NaHCO
3
 in IV fl uid to 

achieve urine pH and serum [sodium] goals

Hyperkalemia • Moderate and asymptomatic (≥ 6.0 mEql/L): 
sodium polystyrene sulfonate orally

• Severe and/or symptomatic (> 7.0 mEq/L):
          –Calcium gluconate 100-200 mg/kg IV
          –D25 (2 mL/kg) IV + regular insulin 
            0.1 units/kg IV
          –Dialysis may be necessary

Hyperphosphatemia • Aluminum hydroxide 50-150 mg/kg/day 
divided in 4–6 doses (or 30–40 mL 6 to 8 
hours)

• Dialysis or continuous renal replacement 
therapy may be necessary

Hyperuricemia
(uric acid crystals form 
in renal tubules and 
distal collecting system 
and cause oliguria)

• Allopurinol 300 mg/m2 PO divided TID: 
Decreases production of uric acid by 
inhibiting xanthine oxidase 
If possible, start 12-24 hours before 
induction of cytolytic therapy

OR
• Urate oxidase (rasburicase): Metabolizes uric 

acid 
Should be considered in high-risk situations; 
contraindicated in G6PD defi ciency, 
pregnancy, and lactation

Coverage Antibiotic

Broad spectrum Ceftazidime; cefepime; 
piperacillin-tazobactam; 
meropenem

Additional Gram-negative 
coverage

Amikacin; gentamicin; 
tobramycin

Additional Gram-positive 
coverage

Vancomycin

Additional anaerobic coverage Clindamycin; metronidazole

Atypical bacterial coverage Azithromycin; clarithromycin



Trauma in Pregnancy
Resuscitation in the pregnant patient is an uncommon occurrence, estimated at 

1 in 30,000 deliveries,1 yet it is unique in its potential to save not one, but two lives. 
Trauma is estimated to occur in approximately 5% of pregnant patients,2,3 and it 
is the leading cause of nonobstetric mortality in this population.3,4 The physiologic 
changes of pregnancy, and the need to balance the care of mother and fetus, make 
the care of a critically injured pregnant patient a challenge for any physician. This 
article reviews physiologic changes of pregnancy and injuries unique to pregnancy, 
and discusses the assessment and management priorities of the pregnant trauma 
patient. 

—The Editor

Physiologic Changes of Pregnancy
To effectively manage the injured pregnant patient, it is essential to under-

stand a number of predictable changes in maternal physiology. These changes 
have the potential to impact vital signs, the physical examination, and results of 
laboratory studies. Most importantly, physiological alterations associated with 
a normal pregnancy have a significant effect on cardiopulmonary reserve and 
injury tolerance.

Respiratory. During pregnancy, the resting oxygen requirement and minute 
ventilation increase to meet increasing metabolic demands. At the same time, 
the functional residual capacity decreases by 20%,5,6 due to elevation of the dia-
phragm by the gravid uterus. With greater oxygen demand, and less physical 
space for expansion of the lungs, the pregnant patient functions with a signifi-
cantly decreased oxygen reserve. 

While the pregnant patient will desaturate quickly, the fetus is even more 
vulnerable to hypoxia. The reason for this difference is that the umbilical vein 
and artery have a much lower partial pressure of oxygen than the maternal cir-
culatory system. Maternal oxygenation is important for fetal well-being, as fetal 
oxygenation remains constant until maternal paO2 drops below 60 mmHg.7 
As a general rule, the fetus has roughly two minutes of oxygen reserve. Animal 
studies reveal that significant maternal hypoxia results in a 30% reduction in 
uterine blood flow, further compromising fetal outcome.8

The pregnant patient is also at significant risk for aspiration. During preg-
nancy, progesterone acts to decrease gastrointestinal motility6 and increase laxity 
of the lower gastroesophageal sphincter.9 This effect, in concert with the ana-
tomical compression of the stomach by the uterus, renders the pregnant patient 
more prone to aspiration. Increased and more frequent oral intake further 
increases the chance of aspiration.  

Pregnancy is an edematous state. These changes affect the entire body, 
including the tongue and supraglottic soft tissues.1,10 Capillary engorgement 
due to increased blood volume and decreased plasma oncotic pressure causes 
swelling of the respiratory tract mucosa and easy bleeding that may complicate 
intubation. (See Table 1.)

Cardiovascular. Several cardiovascular changes of pregnancy should be con-
sidered when caring for the pregnant trauma patient. Beginning in the eighth 
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week of pregnancy, increasing pro-
gesterone causes smooth muscle 
relaxation and a significant decrease 
in total peripheral resistance. By 
week 12, blood pressure starts to 
gradually decline to a nadir around 
week 28, with a total systolic and 
diastolic blood pressure drop of 5 
to 15 mmHg.6,9 These effects are 
seen in central venous pressure as it 
drops 9 mmHg to around 4 mmHg 
in the third trimester.11 Due to an 
increase in alpha receptors stimulated 
by estrogen within the myometrium, 
heart rate increases 10 to 15 beats 
per minute, and cardiac output 
increases to 30-50% above normal 
during the second trimester.11 As 
gestation advances, maternal blood 
volume increases steadily, peaking at 
40% above pre-pregnancy levels at 
term. 

These changes, which help the 
pregnant patient tolerate the increas-
ing metabolic demand of the fetus 
and prepare her for the expected 
hemorrhage of childbirth,12 may eas-
ily conceal the presence of shock. 
Hemodynamic changes are often 
not apparent until 35% total blood 
volume loss.11 Therefore, tachycardia 
and hypotension should be viewed 
as late signs of severe hemorrhage 
in the pregnant patient. To preserve 
maternal circulation during hemor-
rhage, blood is shunted away from 
the uterus and fetus via uteroplacen-
tal vasoconstriction,6,11 making fetal 
distress, such as decelerations or low 
variability of the fetal heart rate (the 
fifth vital sign in obstetrics6), a subtle 
sign of compensated shock in the 
mother.

When a pregnant patient is in a 
supine position, uterine compres-
sion of the great vessels (inferior 
vena cava, abdominal aorta, and 
iliac arteries) can cause a significant 
decrease in venous return. This 
aortocaval compression, or “supine 
hypotension syndrome,” can result 
in a 30% decrease in cardiac output.9 
It also should be noted that the 
increased venous pressure caused by 
the gravid uterus may contribute to 
dangerous hemorrhage from lower-
extremity wounds.11 (See Table 2.)

Gastrointestinal. The anatomic 
changes that develop within the 
pregnant abdomen may hide sig-
nificant injury despite a reassuring 
abdominal exam. As the uterus grad-
ually enlarges, the stretched perito-
neal cavity becomes less sensitive to 

irritation, and the attenuated rectus 
muscles may prevent guarding.2,13 
The spleen becomes engorged and is 
at greater risk of rupture. The small 
bowel is displaced cephalad, increas-
ing the risk of bowel injury after pen-
etrating trauma.13,14 (See Table 3.)

Genitourinary. The most signifi-
cant genitourinary change during 
pregnancy is the gradually enlarging 
uterus. During the first trimester, it 
remains encased and protected by 
the bony pelvis. By the 12th week of 
gestation, the uterus rises above the 
pelvic brim, becoming an abdomi-
nal organ. The fetus is small and 
well-cushioned by a large amount 
of amniotic fluid throughout the 
second trimester. In the third tri-
mester, however, the uterus is larger 
and thin-walled, making it more 

Executive Summary 

 � Tachycardia and hypotension should be viewed as late 
signs of severe hemorrhage in the pregnant patient. 

 � Placental abruption can also occur after a minor mech-
anism of injury, with a rate as high as 5%. The absence 
of clinical findings in this setting does not reliably 
exclude the diagnosis.

 � As little as 0.001 mL of Rh-positive fetal blood 
can cause maternal sensitization in the Rh-negative 
mother.

 � Missed abdominal injuries are especially common in: 
patients with neurological impairment due to brain 
injury or alcohol; patients with multiple coincident 
injuries; and patients with severe or “distracting”  
injuries.

Table 1. Changes in Respiratory Physiology
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susceptible to injury.12,13 Further, 
the marked increase in uterine blood 
flow in late pregnancy potentiates 
rapid exsanguination following 
an injury to the uterus or uterine 
vessels.14

Toward the end of pregnancy, the 
fetal head drops into the pelvis and 
may be injured with maternal pel-
vic fractures.9 The bladder is more 
susceptible to injury as the uterus 
pushes the bladder into the abdomen 

and out of the protective bony pelvic 
rim.

Pelvic radiographs may be dif-
ficult to interpret in later pregnancy 
as the pelvis changes in preparation 
for delivery. These changes include 
widening of the pubic symphysis and 
sacroiliac joint space. These areas, 
therefore, may appear abnormal on 
pelvic radiographs.

Renal changes include increased 
renal blood flow by 60% and 

increased glomerular filtration rate 
(GFR). As a result, serum creatinine 
decreases by half. Thus, a “normal” 
creatinine in a pregnant trauma 
patient is an important marker of 
renal impairment.12 In addition, the 
increased GFR results in an increased 
urination frequency and renders 
urine output a poor indicator of 
shock.13 

The elevated levels of progesterone 
in pregnancy stimulate the medullary 
respiratory center, increasing ventila-
tory drive. The physiologic effect is a 
decrease in pCO2 to 25-30 mmHg, 
and a compensatory renal excretion 
of sodium bicarbonate to maintain 
a normal pH. As a result, maternal 
buffering capacity is impaired, plac-
ing the patient at greater risk for lac-
tic acidosis following hemorrhage.11 
(See Table 4.)

Hematology. During pregnancy, 
there is a disproportionate increase 
in red blood cells by 20-30% and 
plasma volume by 50%, resulting 
in a “physiologic anemia of preg-
nancy.” A normal hematocrit in 
pregnancy ranges from 31-34%.11 
Pregnancy also causes an increase in 
all coagulation factors and a decrease 
in fibrinolysis, creating a hyperco-
agulable state. This protects against 
hemorrhage but increases the risk of 
thromboembolism.13 (See Table 5.)

Injuries Unique to 
Pregnancy

Placental Abruption. The uterus 
is made of elastic tissue that can 
respond to the acceleration and 
deceleration forces involved in 
blunt trauma. In contrast, the pla-
centa does not contain elastic tissue 
and lacks the ability to expand and 
contract. As a result of the differ-
ing properties of these two adjacent 
structures, trauma may lead to a 
shearing force that causes a separa-
tion of the placenta from the uterus 
with bleeding into this space, known 
as placental abruption. Placental 
abruption is not uncommon and 
is noted in 40% of cases of severe 
maternal trauma.6 In these cases, the 
rate of fetal demise can be as high 
as 60%,6 making placental abruption 
the second most common cause of 

Table 2. Changes in Cardiovascular Physiology
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Table 3. Changes in Gastrointestinal Physiology
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fetal death in trauma after maternal 
injury. 

Concern should be high for pla-
cental abruption in the patient with 
abdominal pain, uterine contractions, 
back pain, or vaginal bleeding. A 
rigid uterus or “large for dates” fun-
dal height is highly suggestive of the 
diagnosis. When uterine abruption is 
strongly suspected, uterine sonogra-
phy and cardiotocographic monitor-
ing are recommended. Ultrasound 

is highly specific for placental abrup-
tion, but has a sensitivity of only 
50%. This is especially true for small 
abruptions and those located along 
the posterior wall of the uterus.3 
Abnormalities on fetal monitoring 
are a highly sensitive marker of fetal 
distress in the setting of placental 
abruption, although these findings 
are nonspecific. The complemen-
tary use of these two tools is logical 
in the ED evaluation of placental 

abruption. (See Figures 1 and 2.)
Placental abruption can also occur 

after a minor mechanism of injury, 
with a rate as high as 5%.3 The 
absence of clinical findings in this 
setting does not reliably exclude the 
diagnosis. For stable patients with 
a viable pregnancy suffering minor 
trauma, 4-6 hours of continuous 
fetal monitoring are recommended.

Uterine Rupture. During preg-
nancy, the uterus enlarges to accom-
modate the growing fetus. As this 
occurs, the uterus extends out of 
the pelvis and into the abdomen, 
where it is much more susceptible 
to trauma. Uterine rupture occurs 
in less than 1% of pregnant trauma 
patients.10 While this is a rare event, 
it almost always results in fetal 
demise, and carries a 10% maternal 
mortality rate.10 Uterine rupture 
most commonly occurs in patients 
who have had a previous cesarean 
section. Patients will typically present 
with severe abdominal pain, clinical 
signs of peritonitis, and hemody-
namic instability. Often, fetal parts or 
uterine irregularity can be palpated 
on abdominal exam. The combina-
tion of shock and an acute abdomen 
in a pregnant trauma patient should 
prompt immediate evaluation for 
uterine rupture, in addition to the 
traumatic abdominal injuries seen in 
the general population. 

An abdominal radiograph will 
typically show an uncoiled fetus, and 
this diagnosis may be confirmed by 
ultrasound. As time to diagnosis and 
definitive surgical treatment is criti-
cal, time-consuming diagnostic stud-
ies should be avoided. The diagnosis 
of uterine rupture should prompt 
immediate actions to stabilize the 
mother and obtain emergent obstet-
rical consultation.

Fetal-Maternal Hemorrhage. 
Fetal-maternal hemorrhage occurs 
when injury provokes the mix-
ing of fetal and maternal blood. 
This becomes clinically relevant 
when Rh-positive fetal blood is 
introduced into the circulation of 
an Rh-negative mother. As little 
as 0.001 mL of Rh-positive fetal 
blood can cause maternal sensitiza-
tion in the Rh-negative mother.9 If 

Table 4. Changes in Genitourinary Physiology
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Table 5. Changes in Hematologic Physiology
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sensitization occurs, future pregnan-
cies could be complicated by eryth-
roblastosis fetalis, resulting in fetal 
anemia, hypoxia, and even death. 
Rh status should be determined in 
all pregnant trauma patients unless 
the injury is isolated and remote 
from the uterus (for example, a 
penetrating injury to the extremity). 
Universal determination is particu-
larly important, as injury severity is 
not related to the incidence of fetal-
maternal hemorrhage.

Immune globulin should be 
administered to all Rh-negative 
trauma patients within 72 hours of 
injury. During the first trimester, a 
dose of 50 mcg may be used instead 
of the traditional dose of 300 mcg, 
which is used after 13 weeks gesta-
tion. If significant fetal-maternal 
hemorrhage (> 30 mL) is suspected, 
higher doses of immune globulin 
may be required. In these cases, a 
Kleihauer-Betke test may be useful to 
quantify the degree of transplacental 
hemorrhage. Recent data also sug-
gest that a positive Kleihauer-Betke 
test is correlated with uterine con-
tractions and with risk for preterm 
labor following trauma.15 Patients 
with a positive Kleihauer-Betke test, 
therefore, may require more exten-
sive monitoring following trauma.

Assessment and 
Management

Initial Assessment. The assess-
ment of the injured pregnant patient 
should be nearly identical to that 

of the injured nonpregnant patient, 
with the following important 
exceptions:

1. The pregnancy must be imme-
diately recognized. This is especially 
relevant in women who may not 
realize they are pregnant and in 
those unable to communicate due 
to head injury, intoxication, severe 
respiratory distress, or profound 
shock. When pregnancy is not clini-
cally obvious, a urine pregnancy test 
should be done in 100% of injured 
women of childbearing age. When 
pregnancy is clinically obvious, the 
assessment of the fetus occurs during 
the secondary survey.

2. The normal changes in physiol-
ogy resulting from the pregnancy 
must be interpreted in the context of 
injury.

3. The ability of the pregnant 
mother to tolerate and respond to 
specific injuries must be understood.

4. The team must not be distracted 
by an obviously gravid uterus when a 
focused assessment and critical inter-
ventions are needed to stabilize the 
mother. 

5. Once the mother has been 
assessed, an appraisal of fetal viability 
should be performed.

Unique features of the primary 
assessment and the secondary survey 
are outlined below.

Airway. The physiologic and 
anatomic changes of pregnancy 
significantly affect the respiratory 
system and airway management. 
These changes necessitate aggressive 

airway management and preparation 
for a potentially difficult airway. All 
steps should be taken to maximally 
oxygenate mother and fetus. During 
advanced stages of pregnancy, the 
airway will be difficult for two 
reasons: the upward excursion of 
the uterus reduces lung volumes, 
functional residual capacity, and 
respiratory reserve; and increased 
intragastric pressure increases the risk 
of regurgitation. When intubating 
the pregnant trauma patient, precau-
tions for both aspiration and cervical 
spine injury should be taken.  

Rapid sequence intubation (RSI) is 
the preferred method for intubation. 
Traditional RSI medications are safe 
in pregnancy in the absence of other 
contraindications. Both depolar-
izing and non-depolarizing paralytic 
agents cross the placenta and may 
result in a flaccid, apneic infant if 
immediate delivery were to ensue.

Once paralyzed, rapid desaturation 
is the rule rather than the excep-
tion. This is worsened in the pres-
ence of acute chest injury. As such, 
all trauma airways in the pregnant 
patient should be considered high-
risk. To decrease this risk of aspira-
tion, cricoid pressure is vital during 
airway management.9 Keep in mind 
that a smaller endotracheal tube 
than usual may be necessary for suc-
cessful intubation in the setting of 
edematous periglottic tissue. Once 
intubation is accomplished, gastric 
decompression should be performed 
to decrease the risk of aspiration.

Breathing. For the reasons out-
lined above, significant trauma in the 
second or third trimester of preg-
nancy is associated with a potentially 
compromised respiratory status. 
With limited respiratory reserve, 
blunt or penetrating chest injuries 
are not well tolerated. The goal of 
the physical examination is to iden-
tify clinical findings suggestive of 
chest injury, i.e., tachypnea or respi-
ratory distress, external chest trauma, 
and clinical signs of rib fractures, flail 
segments, pneumothorax, or hemo-
thorax. The gradual 4 cm elevation 
of the diaphragm by the growing 
uterus is important to remember 
when placing a chest tube. It should 

Figure 1. Marginal 
Abruption

Figure 2. Retroplacental 
Abruption
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be inserted one to two intercostal 
spaces higher than standard to avoid 
diaphragmatic, liver, or spleen injury. 
Prior to insertion, the chest-tube 
tunnel should be digitally palpated to 
ensure proper placement.7

Circulation. In the first trimes-
ter, the assessment of circulation is 
unchanged. In the second and third 
trimesters, predictable increases in 
blood volume will mask the typical 
response to hemorrhage, i.e., hypo-
tension and tachycardia. In essence, 
the maternal “tank” is over-filled; 
thus, proportionally larger volumes 
of blood loss will be required to 
mount a detectable cardiovascular 
response. It is equally important to 
understand that while maternal heart 
rate climbs in the third trimester, 
tachycardia (a heart rate � 100 bpm) 
is not a normal finding. 

Large-bore IV access should be 
obtained as in any trauma patient, 
and aggressive resuscitation with 
crystalloid should be initiated if 
shock is either evident or suspected. 
If hemodynamic compromise con-
tinues despite this, transfusion of 
type-specific blood is recommended. 
If time does not allow for this, how-
ever, type O, Rh-negative blood 
should be used.  

Vasopressor therapy should be 
avoided whenever possible. The 
disadvantage of vasopressor therapy 
in the pregnant patient is that this 
compromises perfusion to the utero-
placental unit and, therefore, the 
fetus.10 If aggressive volume replace-
ment and blood products are inef-
fective, vasopressor therapy should 
be initiated at the lowest possible 
dose to maintain maternal perfu-
sion. Ephedrine and mephentermine 
offer a theoretical advantage, as these 
agents do not compromise uterine 
perfusion to the same extent that 
epinephrine and norepinepherine 
do.10 

When hypotension is noted in a 
patient who is greater than 20 weeks 
gestation, attempts should be made 
to displace the uterus from the great 
vessels and restore cardiac output. 
This is typically achieved by plac-
ing the patient in the left lateral 
decubitus position. In circumstances 

where spinal precautions must be 
maintained, displacement of the 
gravid uterus from the vena cava may 
be achieved with manual displace-
ment or by raising the backboard to 
a 15- to 30-degree angle.11 Manual 
displacement is achieved by manu-
ally lifting the uterus and displacing 
it to the left and toward the patient’s 
head. 

If CPR is required, chest compres-
sions should be modified in the preg-
nant patient. These patients require 
deeper compressions (1.5-2 inches) 
with more force than the general 
population. This is due to decreased 
chest-wall compliance caused by 
elevation of the diaphragm. The 
position of chest compressions also 
should be shifted from the tradi-
tional mid-sternum to slightly above 
the mid-sternum. Standard ACLS 
protocols for pharmacologic agents 
and defibrillation should be followed 
in the pregnant patient. Electrical 
therapy with standard joule delivery 
has never been found to have injuri-
ous effects on the fetus.1,16

When obtaining central venous 
access, lower-extremity sites should 
be avoided if possible. Drugs admin-
istered to sites below the uterus 
will have difficulty reaching the 
central circulation due to aortocaval 
compression.

The Secondary Survey. The sec-
ondary survey should be done in 
the same order and with the same 
cadence as in any other trauma 

patient. A methodical head-to-toe 
examination will help identify injuries 
posing a threat to both patients. 

The examination of the abdomen 
is especially relevant. Severe tender-
ness may reflect an injury to maternal 
viscera or to the enlarged uterus. A 
large-for-dates uterus may occur fol-
lowing uterine abruption and retro-
placental hemorrhage. (See Figure 2.) 
Palpation of fetal parts outside the 
uterus reflects uterine rupture. 

In the pregnant patient suffering 
severe multisystem trauma, the pelvic 
examination should not be over-
looked. The exam may reveal vaginal 
bleeding, rupture of membranes, or 
vaginal lacerations resulting from 
pelvic-ring fractures.

It is important to recognize 
that the physical assessment of the 
trauma patient has limitations. For 
example, large studies describe a 5% 
to 10% rate of “occult” abdominal 
injuries when patients are evaluated 
with physical examination alone.17-19 
Missed abdominal injuries are espe-
cially common in: patients with neu-
rological impairment due to brain 
injury or alcohol; patients with mul-
tiple coincident injuries; and patients 
with severe or “distracting” injuries. 
It is logical that the same would 
apply to the pregnant trauma patient. 

Fetal Assessment. Fetal assess-
ment is initiated during the second-
ary survey of the pregnant trauma 
patient. Initially, the presence of fetal 
cardiac activity should be confirmed 

Figure 3. Fetal Monitoring Strip
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by Doppler ultrasound. Once this 
has been established, if a fetus is 
viable (> 23 weeks gestation), con-
tinuous external fetal monitoring 
should be initiated. Fetal monitor-
ing can be useful for both fetal and 
maternal assessment, as fetal distress 
is often an early marker of impend-
ing maternal hemodynamic compro-
mise. When significant hemorrhage 
or hypotension occurs, blood is first 
shunted away from the uteropla-
cental unit,1 and fetal distress may 
be seen before maternal vital signs 
become abnormal. It is for these rea-
sons that the fetal heart rate is often 
considered the “fifth vital sign” in 

the pregnant patient.10 
Normal fetal heart rate varies 

between 120 and 160 beats per min-
ute. Fetal distress can be manifested 
by bradycardia, tachycardia, loss of 
beat-to-beat variability, or heart-rate 
decelerations. A fetal monitoring 
strip showing a late deceleration is 
shown in Figures 3 and 4.

Assessment of Gestational Age. 
During the secondary survey, palpa-
tion of the fundal height provides 
a crude assessment of whether the 
fetus is viable outside of the uterus 
(� 20 weeks gestation) or unlikely 
to survive outside the uterus (� 20 
weeks gestation; “pre-viable”). A 

fundal height at or above the umbi-
licus identifies a fetus at greater 
than or equal to 20 weeks gestation. 
Bedside sonography with measure-
ment of crown-rump length and/or 
biparietal diameter is a useful adjunct 
when making this determination.

Pharmacology
Acknowledging limited data, most 

medications used in the trauma set-
ting have not been proven to be 
harmful in the human fetus. The 
pharmacologic strategy used dur-
ing the resuscitation of the preg-
nant patient should follow standard 
American Heart Association guide-
lines. Successful resuscitation of 
the mother provides the greatest 
potential for fetal survival. The fol-
lowing are the safety categories in 
pregnancy:

A: Controlled studies in pregnant 
women fail to demonstrate a risk to 
the fetus in the first trimester with 
no evidence of risk in later trimes-
ters. The possibility of harm appears 
remote.

B: Animal studies show no risk or 
adverse fetal effects, but controlled, 
human, first-trimester studies are not 
available; no evidence of second- or 
third-trimester risk; fetal harm pos-
sible but unlikely.

C: Animal studies show adverse 
fetal effects, but no controlled 
human studies OR no animal or 
human studies; weigh possible fetal 
risk vs. maternal benefit.

D: Positive evidence of human 
fetal risk; maternal benefit may 
outweigh fetal risk in serious or life-
threatening situations. (See Table 6.)

Imaging in Pregnancy
Choosing appropriate imaging 

modalities for the pregnant patient 
can be anxiety-provoking for the 
emergency physician (EP) due to 
concerns about fetal radiation expo-
sure. The imaging strategy should 
carefully balance the need to rapidly 
detect and prioritize injuries with the 
radiation dose required to achieve 
this goal. Because trauma is the lead-
ing non-obstetric cause of maternal 
death, fast, accurate diagnostics are 
imperative for both maternal and 

Figure 4. Fetal Monitoring Strip

Table 6. Medications20,21
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fetal well-being. Ultimately, injury 
detection takes priority, and concerns 
about radiation exposure should 
neither deter nor delay radiographic 
imaging in the pregnant trauma 
patient.22,23 

Effects of Ionizing Radiation 
Exposure to the Fetus. The effects 
of ionizing radiation exposure to 
the fetus depend on gestational age 
and radiation dose. Most effects are 
seen at doses that far exceed those 
typically used for diagnostic imag-
ing. See Table 7 for an overview of 
the estimated mean fetal-absorbed 
dose from various radiologic stud-
ies. Before implantation (0-2 weeks 
after conception), there is an all-
or-none risk of either death of the 
embryo or no consequence at all at 
threshold doses 50-100 mGy.22,24 
There is some variable evidence to 
suggest increased risk of childhood 
leukemia by a factor of two with 
a single pelvic CT scan within the 
first two weeks after conception, but 
the increase in absolute risk is very 
low.25 During organogenesis (2-8 
weeks after conception), congenital 
anomalies are seen at 200 mGy and 
growth retardation at 200-250 mGy. 
At 8-15 weeks, the risk of severe 
mental retardation is seen in doses of  
60-310 mGy, and at 16-25 weeks in 
doses of 250-280 mGy.22 

Computed Tomography. 
Computed tomography (CT) is 
often the imaging modality indi-
cated in trauma evaluation, and this 
imaging should be pursued without 
hesitation, although with efforts 
to use the lowest dose possible to 
achieve necessary information. When 
the fetus is out of the imaging field, 
such as with CT of the head, cervi-
cal spine, chest, and extremities, the 
radiation exposure to the fetus is 
low, and these images can be safely 
obtained during any trimester of 
pregnancy. Because the fetus is in the 
direct line of radiation for CT of the 
abdomen and pelvis, the theoretic 
risk to the fetus is greater, and the 
EP should work with the radiologist 
to minimize the radiation dose.23,24 
When possible, studies such as ultra-
sonography and magnetic resonance 
imaging (MRI) that do not have 

ionizing radiation should be used for 
the pregnant patient.22 Shielding of 
the fetus should be performed for 
all radiographs, with the exception 
of pelvic X-rays. Careful attention 
should be paid to avoid radiographic 
redundancy.25

Focused Assessment with 
Sonography for Trauma (FAST). 
Ultrasound is not associated with 
known adverse fetal effects.23 Both 
the technique and the areas of fluid 
accumulation are the same. The 
sensitivity and specificity for detec-
tion of intra-abdominal injury in the 
pregnant patient range from 61-83% 
and 94-100%, respectively.22 Given 
the possibility of false negatives, a 
CT scan is often needed for further 
examination.28

Concluding recommendations 
from the 2010 EAST practice man-
agement guidelines work group as 
published in The Journal of Trauma 
are as follows:

“Level II: clinical studies in which 
data were collected prospectively 
and retrospective analyses that were 
based on clearly reliable data. Types 
of studies so classified include obser-
vational studies, cohort studies, 
prevalence studies, and case-control 
studies.

1. Concern about possible effects 
of high-dose ionizing radiation expo-
sure should not prevent medically 
indicated maternal diagnostic X-rays 
whenever possible.

2. Exposure to < 5 rad has not 
been associated with an increase in 
fetal anomalies or pregnancy loss 
and is herein deemed to be safe at 
any point during the entirety of 
gestation.

3. Ultrasonography and magnetic 
resonance imaging are not associated 

with known adverse fetal effects. 
However, until more information is 
available, magnetic resonance imag-
ing is not recommended for use in 
the first trimester.

4. Consultation with radiology 
should be considered for the pur-
poses of calculating estimated fetal 
dose when multiple diagnostic radio-
graphs are performed.”25

Special Considerations
Perimortem Cesarean Section. A 

perimortem cesarean section should 
be performed in cases of traumatic 
arrest if there is a potentially viable 
fetus (> 23 weeks). It should be 
performed by a provider trained and 
credentialed to perform the proce-
dure. If gestational age is unknown, 
a rapid method to estimate gesta-
tional age is to assume viability if 
the fundus is palpable above the 
level of the umbilicus. A bedside 
ultrasound also may be used to rap-
idly assess for fetal cardiac activity if 
immediately available; however, this 
should not delay the procedure. A 
study assessing fetal outcome in 33 
infants following perimortem cesar-
ean section found that there were 
survivors as early as 26 weeks gesta-
tion, and that none of the 13 infants 
delivered despite absent fetal heart 
tones survived.29 This suggests that a 
rapid assessment for gestational age 
and fetal heart tones can help the 
physician determine if a patient is 
appropriate for perimortem cesarean 
section.

A perimortem cesarean not only 
allows for further resuscitation of the 
infant, but it also relieves uterocaval 
compression; this increases maternal 
venous return and cardiac output. 
In this situation, return of maternal 

Table 7. Imaging and Fetal Exposure Levels22,23,26,27
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circulation may also occur. CPR and 
ACLS protocols should be contin-
ued during the procedure. Ideally, 
perimortem cesarean section should 
begin within 4 minutes of maternal 
cardiac arrest, with a goal of delivery 
within 5 minutes of maternal cardiac 
arrest. This timing is recommended 
because improved fetal outcome has 
been demonstrated when delivery is 
within 5 minutes of maternal cardiac 
arrest.30,31 Data from Katz’s study 
demonstrate that 70% of infants who 
survived perimortem cesarean sec-
tion were delivered within 5 minutes 
of maternal arrest. However, there 
have been case reports of return of 
spontaneous maternal circulation 
and normal fetal neurologic outcome 
after more than 15 minutes follow-
ing maternal arrest, so arrest time 
greater than 5 minutes is not a con-
traindication to perimortem cesarean 
delivery.32

Domestic Violence During 
Pregnancy. When caring for the 
pregnant trauma patient, careful 
consideration should be made for 
the possibility of physical abuse. 
Domestic violence rates are increased 
during pregnancy, as this is fre-
quently a time of both emotional 
and financial strain. The rate of 
violence during pregnancy is esti-
mated at 10-15%.3 Furthermore, the 
vast majority of physical assaults on 
pregnant patients are perpetrated by 
boyfriends and spouses, and are likely 
to be significantly underreported. 
Assaults on pregnant patients tend 
to recur and to increase in severity 
throughout the pregnancy. Common 
areas of injury during pregnancy 
include the abdomen, breasts, and 
genitals.32 Other warning signs 
include frequent office or emergency 
department visits, depression, sub-
stance abuse, and a history inconsis-
tent with injury. It is recommended 
that all pregnant trauma patients be 
screened for domestic violence. If 
possible, screening should be per-
formed without the presence of part-
ners or family members.

Burns. Approximately 7% of 
women seen for the treatment of 
burns in the United States are preg-
nant. Most of these events occur in 

the workplace.26 Fetal outcomes are 
closely linked to burn severity. As 
the total body surface area (TBSA) 
of the burn increases, so does the 
risk of poor fetal outcomes and fetal 
death. In general, uncomplicated 
burns of less than 20% TBSA will 
have little effect on fetal well-being. 
Burns greater than 30% can lead to 
fetal distress and premature labor. 
Fetal survival is uncommon when 
burns exceed 60% TBSA.34

There are insufficient data in the 
literature to develop specific guide-
lines for the management of burns in 
the pregnant patient. Most recom-
mendations are based on small case 
series or are extrapolated from non-
pregnant patients. With that in mind, 
several recommendations can be 
made with regard to airway manage-
ment and fluid resuscitation.

In the patient suffering major 
burns and/or smoke inhalation, 
careful and early attention to air-
way management is of paramount 
importance. In the third trimester, 
tidal volume and minute ventila-
tion both increase by 30% to 50%. 
As such, impaired ventilation and 
gas exchange due to upper airway 
edema, inhalation injury, or con-
comitant chest injury can profoundly 
impair maternal and fetal physiology. 

RSI is the technique of choice 
when intubation is required. Because 
gravid patients desaturate rapidly fol-
lowing paralysis, careful preparation 
and planning are fundamental. It is 
important to recall that acute burns 
are not a contraindication to the use 
of succinylcholine as the preferred 
neuromuscular blocking agent. 
Conversely, succinylcholine should 
be avoided in subacute burns (i.e., � 
72 hours old) to avoid drug-induced 
hyperkalemia. When upper-airway 
burn edema threatens the success of 
laryngoscopy, alternative techniques 
should be considered as the primary 

approach, or immediately available as 
part of a “double set-up.”

Use of the Parkland formula (see 
Table 8), which has not been vali-
dated in the pregnant patient, is con-
troversial. Pacheco and colleagues35 
argue that predictable physiologic 
changes occurring during pregnancy 
create an inherent risk of under-
resuscitation if the Parkland formula 
is used: pregnancy is a hyperdynamic 
state with an increase in cardiac 
output, a drop in systemic vascular 
resistance, and increased overall 
metabolic demands; intravascular 
volume requirements increase by 
50% at term; decreases in colloid 
osmotic pressure increase tissue fluid 
extravasation; and total body surface 
area is increased, promoting burn-
surface fluid loss. Without outcome 
data or guidance to the contrary, the 
Parkland formula seems like a logical 
starting point. To ensure adequate 
resuscitation, ongoing monitoring 
of vital signs, urine output, cardioto-
cographic monitoring, and objective 
measures of tissue perfusion (e.g., 
serial serum lactate or base deficit) is 
important.

Burn cleansing and debridement 
should be done in standard fashion. 
Topical antibiotics, such as bacitracin 
and silver sulfadiazine, and biosyn-
thetic dressings (e.g., Biobrane®, 
TransCyte®, Aquacel®) are not asso-
ciated with fetal malformations and 
are considered safe in pregnancy.36

Victims of major burns, and all 
those burned in an enclosed space, 
should be assessed for carbon mon-
oxide (CO) poisoning. Because fetal 
hemoglobin avidly binds CO, hyper-
baric oxygen is recommended for all 
symptomatic pregnant patients and 
asymptomatic patients with a venous 
CO level greater than 15%.37

Electrical Injury. Traditional 
teaching emphasizes that even 
low-voltage electrical injuries are 

Table 8. Parkland Formula26,34
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associated with a significant risk 
of poor fetal outcomes and fetal 
demise.38-40 Pathophysiologically, this 
is attributable to the high conduc-
tivity of amniotic fluid, putting the 
fetus at risk when the offending cur-
rent “crosses” the uterus. There is 
no debate that major electrical inju-
ries, lightning strikes, and Taser-gun 
injuries pose a major risk.41,42

A review of 31 patients by 
Einarson and colleagues points out 
that most electric injuries in preg-
nancy are due to 110 V household 
current, with no proven difference 
in outcomes.43 Given the lack of 
certainty on this issue, it seems rea-
sonable to assess fetal well-being 
immediately in all pregnant patients 
suffering electric injury. In the 
absence of fetal distress and mater-
nal indications for admission (loss 
of consciousness, persistent neuro-
logical symptoms, history of cardiac 
disease, abnormal maternal ECG), 
a 4-hour period of fetal monitoring 
is reasonable. With most significant 
maternal injuries or any signs of 
fetal distress, immediate obstetric 
consultation and a longer period of 
maternal and fetal monitoring are 
indicated. 

Conclusion
Management of the injured preg-

nant patient presents unique chal-
lenges to the emergency physician. 
A thorough knowledge of the differ-
ences between a pregnant and a non-
pregnant trauma patient is imperative 
to adequately care for the pregnant 
trauma patient. Ultimately, maternal 
stabilization should be the primary 
focus to ensure the best possible out-
come for both mother and fetus.
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CME/CNE Questions
1. Which findings on fetal monitoring indi-

cate fetal distress?
A. bradycardia (HR < 120)
B. tachycardia (HR > 160)
C. reduced variability
D. all of the above

2. Which of the following is one of the 
physiologic changes of pregnancy?
A. decreased heart rate
B. increased cardiac output
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C. decreased respiratory rate
D. increased lung capacity

3. Which of the following statements is 
true regarding Rh immune globulin 
(RhoGAM)?
A. It must be administered within 24 

hours of trauma.
B. It should be administered after even 

minor abdominal trauma.
C. It is effective up to 72 hours follow-

ing trauma.
D. B and C are true.

4. Which medication should be avoided dur-
ing resuscitation in the pregnant patient?
A. rocuronium
B. morphine
C. ketamine
D. etomidate

5. A 33-year-old G1P0 pregnant patient at 
30 weeks gestation presents as a belted 
driver in a low-speed motor vehicle crash. 
After assessment of the patient reveals 
only a knee contusion, a bedside ultra-
sound confirms a fetal heart rate of 143. 
Which of the following is correct regard-
ing patient disposition?
A. The patient can be safely discharged 

home.
B. Further ultrasound imaging is 

required to evaluate for placental 
abruption.

C. Continuous fetal monitoring is 
required for a period of 4-6 hours.

D. The patient should be admitted to the 
OB service for 24-hour observation.

6. A 24-year-old G2P1 with a pregnancy 
of unknown gestational age presents to 
the emergency department intubated for 
respiratory distress after a motor vehicle 
crash. What is the quickest way to esti-
mate gestational age in this setting?
A. bedside ultrasound for crown-rump 

length
B. calculation of biparietal diameter
C. palpation of the fundal height
D. rapid retrieval of records from the 

obstetrician

7. Which of the following should be consid-
ered when ordering imaging tests in the 
pregnant patient?
A. Consult with a radiologist to ensure 

lowest radiation dose.
B. High-dose ionizing radiation should 

not be used despite the need for 
maternal diagnostics.

C. The FAST exam can rule out intra-
abdominal injury.

D. Exposure to < 5 rad has been associ-
ated with fetal anomalies. 

8. A 29-year-old G3P2 at 30 weeks gesta-
tion presents to the emergency depart-
ment with complaint of falling down the 
stairs and injuring her left arm. Which of 
the following should prompt concern for 
domestic abuse?
A. frequent office or emergency depart-

ment visits
B. history of depression or substance 

abuse
C.  a history inconsistent with the injury
D.  all of the above

9. Which of the following are necessary 
changes of ACLS for a pregnant patient?
A. Medication dosages must be adjusted.
B. Defibrillation joules should be 

decreased. 
C. Chest compressions should be deeper 

and more cephalad.
D. All of the above are necessary.

10. Which of the following is true regarding 
electrical injuries in pregnant patients?
A. Most electrical injuries in pregnant 

patients are due to 110 V household 
current. 

B. Amniotic fluid has low conductivity of 
current. 

C. Lightning strikes to the mother pose 
minimal risk to the fetus. 

D. All of the above.

CNE/CME Objectives
Upon completing this program, the participants will be able to:
• discuss conditions that should increase suspicion for traumatic injuries;
• describe the various modalities used to identify different traumatic conditions;
• cite methods of quickly stabilizing and managing patients; and
• identify possible complications that may occur with traumatic injuries.

CNE/CME Instructions
Physicians and nurses participate in this continuing medical education/continuing 

education program by reading the article, using the provided references for further 
research, and studying the questions at the end of the article. Participants should select 
what they believe to be the correct answers, then refer to the list of correct answers to 
evaluate their knowledge. To clarify confusion surrounding any questions answered 
incorrectly, please consult the source material. After completing this activity, you must 
complete the evaluation form that will be provided at the end of the semester and return it 
in the reply envelope provided to receive a credit letter. When your evaluation is received, a 
credit letter will be mailed to you.
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To reproduce any part of this newsletter for promotional purposes, please 
contact:
Stephen Vance
Phone: (800) 688-2421, ext. 5511
Fax:     (800) 284-3291
Email:  stephen.vance@
 ahcmedia.com

To obtain information and pricing on group discounts, multiple copies, site-
licenses, or electronic distribution please contact:
Tria Kreutzer
Phone: (800) 688-2421, ext. 5482 
Fax:     (800) 284-3291
Email:  tria.kreutzer@
  ahcmedia.com

To reproduce any part of AHC newsletters for educational purposes, please 
contact:
The Copyright Clearance Center for permission
Email: info@copyright.com
Website: www.copyright.com
Phone: (978) 750-8400



Editor in Chief
Ann Dietrich, MD, FAAP, FACEP
Professor of Pediatrics
Ohio State University
Attending Physician
Nationwide Children’s Hospital
Associate Pediatric Medical Director
MedFlight
Columbus, Ohio

Editorial Board
Sue A. Behrens, APRN, BC
Director of Emergency/ECU/Trauma 
Services
OSF Saint Francis Medical Center
Peoria, IL

Mary Jo Bowman, MD, FAAP, FCP
Associate Professor of Clinical 
Pediatrics
Ohio State University College of 
Medicine
PEM Fellowship Director, Attending 
Physician 
Children’s Hospital of Columbus
Columbus, Ohio

Lawrence N. Diebel, MD
Professor of Surgery
Wayne State University
Detroit, Michigan

Robert Falcone, MD, FACS
President, Grant Medical Center
Columbus, Ohio;

Clinical Professor of Surgery
Ohio State University

Theresa Rodier Finerty, RN, MS, 
CNA, BC
Director, Emergency and Trauma 
Services, 
OSF Saint Francis Medical Center
Peoria, Illinois

Dennis Hanlon, MD, FAAEM
Vice Chairman, Academics
Department of Emergency Medicine
Allegheny General Hospital
Pittsburgh, Pennsylvania

Jeffrey Linzer Sr., MD, FAAP, 
FACEP
Assistant Professor of Pediatrics and
Emergency Medicine
Emory University School of Medicine
Associate Medical Director for 
Compliance
Emergency Pediatric Group
Children’s Healthcare of Atlanta at
Egleston and Hughes Spalding
Atlanta, Georgia

S.V. Mahadevan, MD, FACEP. 
FAAEM
Associate Professor of Surgery/
Emergency Medicine
Stanford University School of 
Medicine
Associate Chief, Division of 
Emergency Medicine

Medical Director, Stanford University 
Emergency Department
Stanford, California

Janet A. Neff, RN, MN, CEN
Trauma Program Manager
Stanford University Medical Center
Stanford, California

Ronald M. Perkin, MD, MA, FAAP, 
FCCM 
Professor and Chairman
Department of Pediatrics
The Brody School of Medicine at East 
Carolina University
Medical Director, Children’s Hospital 
University Health Systems of Eastern 
Carolina
Greenville, North Carolina

Andrew D. Perron, MD, FACEP, 
FACSM
Professor and Residency Program 
Director, 
Department of Emergency Medicine, 
Maine Medical Center
Portland, Maine

Steven A. Santanello, DO
Medical Director, Trauma Services
Grant Medical Center
Columbus, Ohio

Eric Savitsky, MD
Associate Professor Emergency 
Medicine

Director, UCLA EMC Trauma Services 
and Education
UCLA Emergency Medicine 
Residency Program
Los Angeles, California

Thomas M. Scalea, MD
Physician-in-Chief
R Adams Cowley Shock Trauma 
Center
Francis X. Kelly Professor of Trauma 
Surgery
Director, Program in Trauma
University of Maryland School of 
Medicine

Perry W. Stafford, MD, FACS, 
FAAP, FCCM
Professor of Surgery
UMDNJ Robert Wood Johnson 
Medical School
New Brunswick, New Jersey

Steven M. Winograd,MD, FACEP, 
Attending,
Emergency Medicine, St. Joseph 
Medical Center,Yonkers, NY.

CNE Nurse Reviewer
Sue A. Behrens, APRN, BC
Director of Emergency/ECU/Trauma 
Services
OSF Saint Francis Medical Center
Peoria, IL

© 2011 AHC Media. All rights 
reserved. 

Trauma Reports™ (ISSN 1531-1082) is published bimonthly 
by AHC Media, a division of Thompson Media Group, LLC, 
3525 Piedmont Road, N.E., Six Piedmont Center, Suite 400, 
Atlanta, GA 30305. Telephone: (800) 688-2421 or (404) 262-
7436. 

Vice President / Group Publisher: Donald R. Johnston

Executive Editor: Shelly Morrow Mark

Managing Editor: Leslie Hamlin

POSTMASTER: Send address changes to 
Trauma Reports,  
P.O. Box 105109, Atlanta, GA 30348. 

Copyright © 2011 by AHC Media, Atlanta, GA, a division of 
Thompson Media Group LLC. All rights reserved. Reproduction, 
distribution, or translation without express written permission is 
strictly prohibited.

Subscriber Information
Customer Service: 1-800-688-2421

Customer Service E-Mail:  
customerservice@ahcmedia.com

 Editorial E-Mail:  
shelly.mark@ahcmedia.com

World Wide Web page:  
http://www.ahcmedia.com

FREE to subscribers of Emergency Medicine Reports and 
Pediatric Emergency Medicine Reports

Subscription Prices

United States

$249 per year. Add $17.95 for shipping & handling 

Multiple Copies

Discounts are available for group subscriptions, multiple 
copies, site-licenses or electronic distribution. For pricing 

information, call Tria Kreutzer at 404-262-5482.

All prices U.S. only. U.S. possessions and Canada, add $30 
postage plus applicable GST. 

Other international orders, add $30. 

Accreditation

AHC Media is accredited by the Accreditation Council for 
Continuing Medical Education to provide continuing medical 
education for physicians. 

AHC Media designates this educational activity for a maximum 
of 2.5 AMA PRA Category 1 Credit(s)TM. Physicians should only 
claim credit commensurate with the extent of their participation 
in the activity.

Approved by the American College of Emergency Physicians for 
a maximum of 2.5 hours of ACEP Category 1 credit.

AHC Media is accredited as a provider of continuing nursing 
education by the American Nurses Credentialing Center’s 
Commission on Accreditation.

This activity has been approved for 1.5 nursing contact hours 
using a 60-minute contact hour.

Provider approved by the California Board of Registered 
Nursing, Provider # 14749, for 1.5 Contact Hours.

This is an educational publication designed to present scientific 
information and opinion to health professionals, to stimulate 
thought, and further investigation. It does not provide advice 
regarding medical diagnosis or treatment for any individual 
case. It is not intended for use by the layman. Opinions 
expressed are not necessarily those of this publication. Mention 
of products or services does not constitute endorsement. 
Clinical, legal, tax, and other comments are offered for general 
guidance only; professional counsel should be sought for 
specific situations.

This CME/CNE activity is intended for emergency, family, 
osteopathic, trauma, surgical, and general practice physicians 
and nurses who have contact with trauma patients. 

It is in effect for 24 months from the date of publication.

© 2011 AHC Media. All rights reserved.

��������	��

�	
 ���������



