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Managing Patients With 
Oncologic Complications in 
the Emergency Department
 Abstract 

As the prevalence of cancer continues to increase in the general 
population and improvements in cancer treatment prolong sur-
vival, the incidence of patients presenting to the emergency de-
partment with oncologic complications will, similarly, continue 
to rise. This issue reviews 3 of the more common presentations 
of oncology patients to the emergency department: metastatic 
spinal cord compression, tumor lysis syndrome, and febrile neu-
tropenia. Signs and symptoms of these conditions can be varied 
and nonspecific, and may be related to the malignancy itself or 
to an adverse effect of the cancer treatment. Timely evidence-
based decisions in the emergency department regarding diag-
nostic testing, medications, and arrangement of disposition and 
oncology follow-up can significantly improve a cancer patient's 
quality of life.
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sion of the underlying disease or a complication 
of its therapy.1,2 This issue of Emergency Medicine 
Practice reviews the current state of diagnosis and 
ED treatment for metastatic spinal cord compression 
(MSCC), tumor lysis syndrome (TLS), and febrile 
neutropenia, focusing particularly on updates since 
the last time this topic was reviewed, in 2010.3,4

 Critical Appraisal of the Literature 

Because of the diversity of oncologic emergencies, 
we performed PubMed and MEDLINE® searches us-
ing terms specific to each emergency (eg, metastatic 
spinal cord compression, neutropenic fever, and tumor 
lysis syndrome), rather than simply searching for 
oncological emergencies. Particular attention was paid 
to articles published in the period since the original 
Emergency Medicine Practice articles on this subject in 
2010. Our search yielded significant new literature 
on the topics of MSCC, TLS, and neutropenic fever, 
including updated guidelines for each of these, as 
well as several meta-analyses and large prospec-
tive randomized and observational studies. Despite 
our focus on topics with stronger evidence, in some 
instances, we had to rely more heavily on weaker 
evidence, such as case reports and expert opinion.

 Prehospital Care 

Development of specific prehospital therapies is 
largely limited by difficulties in identification of 
oncologic emergencies in the prehospital setting. 
Cases are rare among the general population, and 
symptoms are often nonspecific. Furthermore, 
diagnostic confirmation often relies on testing that 
is unavailable to prehospital providers (eg, spinal 
magnetic resonance imaging [MRI] to confirm 
vertebral metastasis, or laboratory confirmation of 
neutropenia). Prehospital therapies remain largely 
supportive (eg, supplemental oxygen for hypoxia, 
noninvasive positive pressure ventilation or intuba-
tion for respiratory distress or failure, intravenous 
[IV] fluids for hypotension). Whenever possible, 
the patient should be transported to a facility with 
oncological services, ideally at the same facility as 
the patient’s oncologist.

 Metastatic Spinal Cord Compression 

Epidemiology and Pathophysiology of 
Metastatic Spinal Cord Compression
MSCC is a devastating complication of cancer be-
cause of its potential to cause irreversible neurologic 
damage, such as paraplegia. Fortunately, its inci-
dence remains low; in a retrospective study of the 
last 5 years of life of approximately 120,000 patients 
with any cancer requiring hospital admission, the 
incidence of MSCC was only 2.5%.5 Nonetheless, 

 Case Presentations 

A 67-year-old man presents to the ED with a 5-day his-
tory of constant, dull, nonradiating, mid-lower back pain. 
He denies any alleviating factors or any specific move-
ments or ambulation that worsen the pain. He denies 
numbness or weakness to his lower extremities, fevers, 
or bowel or bladder problems. His past medical history 
is significant for low-grade prostate cancer, diagnosed 
2 years ago, which was managed by active surveillance 
only. On exam, his strength to both lower extremities 
seems diminished, his patellar reflexes are brisk, and his 
gait is unstable. He has no range-of-motion limitations to 
his back, but does complain of some midline tenderness at 
about the L1 level. Straight-leg raise is negative on both 
sides. His rectal tone is normal. At the conclusion of his 
exam, he states: “I really just came in to get something for 
the pain, doc. Can you prescribe me something so I can 
get going?” You wonder if he needs more testing...
 A 55-year-old man with non–small-cell lung cancer 
presents after running a temperature of 38.5°C (101.3°F) 
at home. The fever lasted 3 hours and he denies other 
symptoms. He denies oral or rectal pain. He is currently 
undergoing chemotherapy for non–small-cell lung cancer; 
his last round was about 9 days ago. His additional past 
medical history is significant only for hypertension, 
though he is not on any medications for it. Family and 
social history are otherwise unremarkable. On exam, 
his vital signs are: temperature, 37.5°C (99.5°F); heart 
rate, 105 beats/min; respiratory rate, 25 breaths/min; 
blood pressure, 105/50 mm Hg; and oxygen saturation, 
92% on room air. He is in no apparent distress, HEENT 
exam is normal except for mildly pale conjunctiva, lungs 
are clear, and heart and abdominal exam are unremark-
able. External exam of the anus does not reveal evidence 
of perianal abscess. He has an indwelling peripherally 
inserted central catheter, and the site is well dressed, 
without stigmata of infection. Labs are remarkable for a 
white blood cell count of 0.6 cells/mm3 with neutrophil 
percentage of 10% and no bands. Hemoglobin is 7.1 g/dL, 
platelets are 45,000/mcL. Serum lactate is 2.9 mmol/L. 
Serum electrolytes, creatinine, liver function panel, and 
urinalysis are unremarkable. Chest x-ray shows a possible 
small infiltrate in the right base. The patient says he feels 
better overall, and asks if he needs to go home with any 
antibiotics, but you wonder if it is best practice to send 
him home...

 Introduction 

With increased life expectancy nationwide, the inci-
dence and prevalence of cancer and cancer-related 
visits to the emergency department (ED) continues 
to rise. Evaluating patients for complications of 
malignancy or its treatment is obfuscated both by 
the often nonspecific presenting symptoms (eg, 
lethargy or encephalopathy) and the uncertainty 
about whether the symptoms are due to progres-
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malignancy) should include thorough testing of 
strength, sensation, and reflexes in the lower ex-
tremities; palpation of the full length of the vertebral 
column; and assessment of rectal tone and perianal 
sensation. 
 Although back pain is the earliest and most com-
mon symptom of MSCC, it is also the least specific, 
often causing the diagnosis of MSCC to be delayed by 
weeks to months.17,18 Maintaining a high index of sus-
picion can reduce this delay. In a cross-sectional study 
of 1975 patients with back pain in a large primary 
care practice, a personal history of cancer had a speci-
ficity of 98% for the diagnosis of MSCC, suggesting 
that this diagnosis should be assumed until proven 
otherwise in patients with back pain and a history of 
cancer.19 The absence of cancer in the patient’s history 
does not rule out MSCC, however, as 20% to 30% of 
those afflicted are previously unaware of their malig-
nancy.19,20 Other diagnoses that may cause back pain 
in patients with malignancy include vertebral fracture 
(benign or malignant), vertebral or epidural infection 
(particularly in a potentially immunocompromised 
patient), and musculoskeletal causes of back pain (eg, 
strains or sprains). 

Diagnostic Workup of Metastatic Spinal Cord 
Compression
Magnetic Resonance Imaging
The diagnosis of MSCC is confirmed or refuted 
with spinal imaging. MRI has the highest sensitivity 
(93%) and specificity (97%) for the diagnosis.21,22 An 
MRI including all 3 sections of the spine can provide 
valuable information even when symptoms are lo-
calized to a single section or the diagnosis of MSCC 
has already been established. Two retrospective 
observational studies comparing findings of full-
spine MRI with clinical findings demonstrated that 
one-quarter of patients had a cord-affecting lesion 
that was > 3 vertebral levels away from the clinically 
suspected location,13 and half of the patients had 
treatment changes (usually changes to the radio-
therapy field) based on information provided by the 
scan.13,23 Further highlighting the need for full-spine 
MRI, 4 separate studies of patients with symptom-
atic MSCC have demonstrated that full-spine MRI 
will identify an additional asymptomatic site of cord 
compression in 25% to 40% of patients.11,13,14,24 How-
ever, because of the low incidence of metastasis to 
the cervical spine, only 1% of these additional sites 
were discovered there.25 
 For these reasons, all patients with suspected 
MSCC should undergo MRI imaging of at least the 
thoracic and lumbar segments of the spine, and ideally 
all 3 segments. Because MRI is an expensive and time-
consuming resource, completion of a full-spine MRI 
need not be completed prior to disposition. However, 
because management of cord compression is time-
sensitive, every effort should be made to image the 
affected segment of the spine as quickly as possible. 

when it occurs, MSCC represents both a neurologi-
cal threat and a marker of poor prognosis, with most 
observational studies showing a median life-span of 
3 to 7 months after its diagnosis.5-7

 The most common type of lesion causing spinal 
cord compression arises from extension of vertebral 
body metastases into the spinal canal.8 In animal 
models, the malignancy grows in the marrow space, 
often without invading the cortex, and then exits the 
vertebral body to the anterior spinal canal via the 
vertebral vein foramen, where subsequent further 
growth results in cord compression.9 Because the 
vertebral cortex is often not violated, cord compres-
sion may occur in the absence of metastatic findings 
on plain radiograph.9

 Once the tumor has extended into the spinal ca-
nal, nerve insult occurs by one of two mechanisms: 
First (and more commonly), increasing pressures 
obstruct the epidural venous plexus, leading to com-
promised cord perfusion, breakdown of the blood-
brain barrier, and vasogenic edema, which further 
aggravates compression.8 Administration of cortico-
steroids to counter vasogenic edema can temporarily 
reverse this process, but neuronal damage will even-
tually ensue without definitive management of the 
offending lesion. Second (and less commonly), direct 
pressure on the nerves themselves will eventually 
lead to demyelination and axonal injury.8

 Unsurprisingly, tumor types known for bone 
avidity are most likely to be responsible for MSCC, 
with 50% to 60% of cases attributable to breast, pros-
tate, or lung cancer.10-12 Consistent with the belief 
that vertebral metastases arise from hematologic 
spread, the incidence of metastatic disease within 
each section of the vertebral column parallels the 
distribution of blood supply. Most observational 
studies show 5% to 15% incidence of lesions in the 
cervical spine, 50% to 70% in the thoracic spine, and 
20% to 30% in the lumbar spine.10,11 Importantly, 2 
separate observational studies reviewing imaging of 
patients with suspected MSCC demonstrated that 
30% to 40% of patients with MSCC had identified 
metastatic disease at multiple levels.13,14

Clinical Features of Metastatic Spinal Cord 
Compression
Back pain is the earliest and most common present-
ing symptom, occurring in more than 80% of cases 
of MSCC.15,16 Weakness and sensory loss are the 
next most common presenting symptoms, with 
incidences of 35% to 75% and 50% to 70%, respec-
tively. Autonomic dysfunction, usually involving the 
bowel or bladder, arises latest in the progression of 
symptoms and is seen on presentation in only 50% 
to 60% of cases and almost never as the sole present-
ing symptom.15,16 Physical examination for patients 
in whom MSCC is suspected (which should include 
all patients with back pain and known or suspected 
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the duration of time required to perform the test (eg, 
absorption of the tracer may take up to 4 hours).

Management of Metastatic Spinal Cord 
Compression
Corticosteroids
In addition to appropriate analgesia, the immedi-
ate therapy for proven or suspected MSCC with 
neurological symptoms is corticosteroids, which can 
slow or reverse development of vasogenic edema in 
order to reduce mass effect on the spinal cord.8 In a 
randomized controlled trial of 57 patients compar-
ing only radiotherapy and/or surgery with the same 
therapy plus high-dose dexamethasone (96 mg IV 
immediately, then 96 mg orally for 3 days, then a 
taper), patients in the corticosteroid group retained 
the ability to ambulate at the completion of treat-
ment, and at 6 months post completion, at higher 
rates than those in the noncorticosteroid group (81% 
vs 63%, and 59% vs 33%, respectively, P < .05 in both 
cases).33 An observational trial of 83 patients similar-
ly demonstrated decreased pain in patients receiving 
a single dose of 100 mg of IV dexamethasone.34 
 In a subsequent randomized controlled trial of 
37 patients receiving a bolus IV dose of either 10 
mg or 100 mg of dexamethasone, no differences in 
either ambulatory function or pain control existed 
between the groups.35 Current clinical guidelines 
recommend immediate treatment with 10 mg of 
IV dexamethasone for any patient with known or 
suspected vertebral metastasis and neurological 
symptoms (eg, weakness, numbness, autonomic 
dysfunction), (grade 1B; strong recommendation, 
moderate-quality evidence).36 Because a single dose 
of corticosteroids carries little risk of adverse ef-
fect, poses minimal logistical burden, and does not 
require knowledge of the affected anatomy, this 
treatment can be initiated while awaiting further 
imaging (MRI) or more definitive treatment (eg, 
surgery or radiation). Patients with severe deficits, 
such as dense paraplegia, should receive the higher 
dexamethasone dose of 100 mg IV.36 Patients with 
asymptomatic vertebral metastases or back pain 
only37 do not require immediate corticosteroids.36  

Surgery and Radiation
Corticosteroids decrease pressure on the spinal cord 
by mitigating vasogenic edema; however, compres-
sion will continue until definitive treatment of the 
vertebral lesion is achieved. The roles of surgical 
excision and radiation therapy are often debated, but 
a randomized controlled trial of 101 patients found 
that patients undergoing surgery plus radiotherapy 
retained ambulatory function longer and experi-
enced less pain than patients undergoing radiation 
only.38 Three observational studies arrived at similar 
conclusions,11,39,40 but equivalence between surgery 
plus radiation and radiation alone has been noted 

If not all segments are imaged initially, the remaining 
segments should be scanned nonemergently. 
 
Computed Tomography
If MRI is unavailable or contraindicated (eg, in pa-
tients with MRI-incompatible pacemakers), a com-
puted tomography (CT) scan is the test of choice. A 
CT scan without contrast may be performed initially 
and, if evidence of vertebral metastasis is present, 
a CT myelogram (in which dye is injected into the 
subarachnoid space just prior to the scan) should 
be conducted to evaluate for cord impingement.26 
Two observational, head-to-head comparisons of 
CT myelography and MRI involving a total of 101 
patients have demonstrated similar sensitivity of the 
2 techniques.27,28 Although rarely performed because 
of the widespread availability of MRI, CT myelo-
gram is still widely available. It entails 3 basic steps: 
(1) lumbar puncture; (2) infusion of contrast dye into 
the intrathecal space; and (3) subsequent CT scan-
ning. Depending on the radiologist’s comfort with 
the lumbar puncture procedure, the ED physician 
may be asked to perform the lumbar puncture in the 
CT suite to facilitate contrast administration. Con-
traindications to CT myelography include allergy or 
known adverse reaction to the contrast media and 
standard contraindications to lumbar puncture (eg, 
severe thrombocytopenia, coagulopathy, cellulitis at 
the injection site). Historical concerns about spinal 
coning, in which changes in the pressure gradient 
across a complete subarachnoid obstruction lead to 
paralysis below the obstruction, have not been borne 
out in patients undergoing myelography.29

 
Plain Radiography
Plain radiographs may be helpful in demonstrating 
vertebral metastases, but negative radiographs are 
insufficient to rule out MSCC because a malignant 
lesion may still compress the cord without involv-
ing cortical bone.9 In an observational study of 60 
patients, two-thirds of patients with normal radio-
graphs were found to have metastatic vertebral 
disease by alternative imaging methods.26 Two other 
observational studies have shown that plain films 
failed to identify an epidural tumor in up to 20% of 
cases,30,31 and a prospective observational trial of 
over 300 patients demonstrated that plain films pre-
dict the correct vertebral level of spinal involvement 
in only 20% of cases.17

Radionuclide Scanning
Radionuclide scanning, which utilizes a radioactive 
tracer to localize sites of increased bone turnover, 
has a sensitivity and specificity similar to MRI for 
detecting sites of vertebral metastasis;32 however, it 
cannot provide information about the spinal canal 
or cord itself. Furthermore, its usefulness to the 
emergency clinician is limited by availability and 
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also be reasonable, especially for patients for whom 
cancer treatments have already failed or who desire 
palliation only. This is a complicated and nuanced 
decision for which no firm guidelines exist, so it 
should be made in conjunction with the patient, the 
patient's family, and the patient’s oncologist.

 Tumor Lysis Syndrome 

Epidemiology and Pathophysiology of Tumor 
Lysis Syndrome
TLS occurs when cancer cell turnover outpaces the 
body’s normal regulatory mechanisms for metabo-
lizing serum electrolytes and cellular waste prod-
ucts. This metabolic imbalance results in excess 
serum levels of intracellular contents, which primar-
ily include potassium, phosphorus, and uric acid. 
Meanwhile, excess phosphorus depletes available 
serum calcium by crystallizing into the poorly 
soluble calcium phosphate.55 Bulky tumors, ad-
vanced metastatic disease, and hematologic tumors 
are all risk factors; however, with more effective 
chemotherapy regimens, TLS is increasingly seen 
with other tumor types, including solid tumors.56-58 
Although TLS can occur spontaneously,59 it is far 
more likely to arise when an anticancer therapy trig-
gers large-scale turnover of malignant cells. Pre-ex-
isting renal failure and spontaneous TLS at the time 
of antitumor therapy initiation are both risk factors 
for development or worsening of TLS.56

 Among the complications of TLS, acute kid-
ney injury (AKI) is associated with high morbidity 
and mortality because the kidneys are the primary 
organs responsible for restoring metabolic homeo-
stasis. Uric acid and calcium phosphate crystal 
accumulation in the renal tubules leads to crystal ne-
phropathy,60 but elevated serum uric acid levels can 
also cause AKI by crystal-independent mechanisms, 
which are still poorly understood but are likely 
driven by renal vasoconstrictive and proinflamma-
tory effects of soluble uric acid.61,62 When present, 
a downward spiral may ensue, in which worsening 
metabolic derangements lead to AKI, and worsen-
ing AKI augments metabolic derangements. In an 
observational study of 63 patients with hematologic 
malignancies and TLS, those who also had AKI had 
an in-hospital mortality rate of 51%, compared to 
just 7% for those who had TLS alone.63

Clinical Features of Tumor Lysis Syndrome
Most symptoms of TLS arise due to electrolyte 
disturbances that cause a varied and nonspecific pre-
sentation. Presenting symptoms can include nausea, 
vomiting, muscle cramps, myalgias, tetany, edema, 
cardiac dysrhythmias, and neurological symptoms 
such as lethargy, confusion, seizures, or coma.56,64 
Specific physical examination findings are rare in 
TLS and are mainly limited to those findings caused 

in 1 observational study41 and 1 meta-analysis.42  
Recently, 2 observational studies of patients with 
lymphoma43 and multiple myeloma44—tumor types 
specifically known for radiation sensitivity— have 
shown good outcomes with radiation therapy alone; 
however, these studies do not compare outcomes 
with patients receiving surgery.
 Current guidelines recommend surgical inter-
vention for any patient with MSCC and neurological 
symptoms who can tolerate the procedure (grade 
1B; strong recommendation, moderate-quality evi-
dence).36,45 However, because 30-day mortality and 
overall complication rates can be as high as 13% and 
54%, respectively,46 a patient’s presurgical functional 
status should be a consideration. Without existing 
specific guidelines, expert opinion from consultants 
(eg, spine surgeon, radiation oncologist, or medical 
oncologist) usually weigh heavily in guiding this 
decision. Surgery may particularly benefit patients 
with direct cord compression by bony fragments, 
spinal column instability, sphincter dysfunction, 
known radiation-insensitive tumor histology, or 
compression in an area that has already received 
a maximum allowable radiation dose.45 Immedi-
ate surgical management should precede radiation 
therapy in appropriate patients. Delayed surgery 
following radiation leads to decreased rates of conti-
nence and ambulation at 30 days and wound healing 
complications.47

 
Recurrence of Spinal Cord Compression
Cord compression recurs in approximately 20% of 
patients undergoing management for MSCC, with 
about half of recurrences occurring at the same 
vertebral level as the original lesion.48 Recurrence 
further complicates treatment plans because the 
threat of radiation myelopathy limits the lifetime 
dose of radiation that can be delivered to a single 
area of the spinal cord. In these cases, management 
should favor surgery, when possible,36,49 or radiation 
therapy as allowed within the limits of neurotoxic-
ity.50,51 More recent techniques in radiation therapy, 
such as radiosurgery and stereotactic body radiation 
therapy, employ multiple radiation beams and high-
precision coordinate maps of the patient’s tumor 
location to provide a tight focus of radiation and 
limit collateral tissue exposure,52-54 making them at-
tractive therapeutic options.
 
Palliative Care and Prognosis
Although MSCC generally represents a late-stage 
manifestation of malignancy, with median survival 
of 3 to 7 months after occurrence,7 timely manage-
ment can preserve motor function and improve the 
quality of the remaining life for those affected. For 
patients who are not surgical candidates, emergency 
radiotherapy should be pursued when compatible 
with goals of care. A purely palliative approach may 
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CT or MRI for neurological symptoms, abdominal 
imaging for gastrointestinal symptoms) may also 
be performed.  

Management of Tumor Lysis Syndrome
Intravenous Fluids
First-line therapy for TLS is aggressive IV adminis-
tration of 0.9% sodium chloride (normal saline). This 
optimizes renal perfusion and mitigates formation 
of urate and calcium phosphate crystals by diluting 
their serum concentrations. While the optimal regi-
men for volume repletion is unknown, guidelines 
suggest initial administration of isotonic crystalloid 
at a rate of 3 L/m2/day for children and adults, and 
200 mL/kg/day for infants.56 These fluids should be 
titrated to maintain a urine output > 100 mL/m2/hr 
for children and adults, and 4 mL/kg/hr for in-
fants.69 Diuresis does not directly improve TLS, but 
it should be judiciously employed to avoid volume 
overload in patients receiving high rates of IV fluid 
hydration. Care should be taken to avoid diuresis 
prior to sufficient fluid resuscitation or in patients 
with urinary obstruction.64 Management of TLS in 
patients with acute oliguria or anuria can be chal-
lenging, due to concerns for volume overload. While 
little direct evidence exists to guide management in 
this situation, we advise proceeding with aggressive 
IV crystalloid fluid administration and initiating 
diuresis once euvolemic. If the patient remains oli-
guric, plans for renal replacement therapy and early 
nephrology consultation should commence.
 
Adjunctive Therapies
Despite the lack of evidence to support the prac-
tice, for many years, urine alkalization had been 
touted as an effective means of promoting uric acid 
clearance. More recently, however, expert opinion 
has steered away from this, citing both the lack of 
evidence and the potential danger of causing serum 
acid-base derangements in patients who often have 
underlying acute renal dysfunction.70 Additionally, 
an alkaline environment promotes formation of both 
calcium phosphate60 and xanthine crystals,64,66 thus 
potentiating kidney damage. The most recent guide-
lines advise against urine alkalinization, grading the 
recommendation as 1C (strong recommendation; 
low-quality evidence).69

 Although cancer cell turnover is the primary 
driver of the electrolyte derangements of TLS, un-
intentional administration of exogenous potassium 
or phosphorus may further contribute to electrolyte 
derangements. Emergency clinicians should pay 
specific attention for potassium- or phosphate-
containing IV fluids and medications (both oral and 
intravenous) being administered to the patient to 
avoid unnecessary delivery of these electrolytes.64

 Hyperkalemia associated with TLS should 
be managed just as hyperkalemia from any other 

by electrolyte derangements (eg, Chvostek sign or 
Trousseau sign due to hypocalcemia). Electrocar-
diographic (ECG) findings are similarly driven by 
electrolyte derangements and may include T-wave 
peaking, P-wave flattening, PR- and QRS-interval 
lengthening due to hyperkalemia, or QT-interval 
lengthening due to hypocalcemia.65

Diagnostic Workup of Tumor Lysis Syndrome
The formal diagnosis of TLS in a patient with known 
or suspected malignancy is established by measure-
ment of serum values of uric acid, potassium, phos-
phorus, and calcium. 
 A diagnosis of laboratory TLS is made by 1 or 
more of the following:56

• Uric acid level > 8 mg/dL 
• Potassium level > 6 mEq/L 
• Phosphorus level > 4.5 mg/dL (6.5 mg/dL in 

children)
• Calcium level < 7 mg/dL
• A 25% or greater change from baseline for any of 

those values 

 Clinical TLS is established when a patient who 
meets criteria for laboratory TLS also has at least 1 
clinical manifestation of the disorder, such as:56

• A neurological symptom (eg, seizure, confusion, 
coma)

• Cardiac dysrhythmia
• AKI requiring hemodialysis
 
 Diagnosing TLS requires clinical suspicion. Be-
cause of the nonspecificity of presenting symptoms 
and partial overlap of laboratory findings between 
laboratory TLS and other syndromes, TLS may mas-
querade as sepsis, prerenal azotemia, or malignancy-
associated hypercalcemia. Further complicating this 
picture, lysis of tumor cells may release abnormally 
high levels of proinflammatory proteins, creating 
systemic inflammatory response syndrome.66 
 Once the diagnosis is established, patients 
with TLS should be evaluated further by measur-
ing serum ionized calcium, creatinine, blood urea 
nitrogen (BUN), and lactate dehydrogenase levels. 
For patients with AKI, placing a Foley catheter 
ensures accurate measurement of urine output. A 
urinalysis should be performed as well as renal 
imaging (eg, sonography) to rule out obstructive 
pathology; however, this does not usually need to 
be completed prior to admission. For patients with 
AKI and oliguria who have not received a loop di-
uretic, a fraction of excreted sodium (FeNa) may be 
calculated to differentiate prerenal etiologies from 
intrinsic renal etiologies (eg, crystal nephropathy). 
Contrary to early reports,67 a urine uric acid-to-
creatinine ratio > 1.0 is not a reliable method to 
diagnose a crystalline etiology of renal failure.68 
Any additional symptom-specific workup (eg, head 
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febuxostat75 renders allopurinol the preferred agent 
for most patients. 
 Allopurinol must be renally dosed, and altera-
tions to the metabolism of purine analog chemo-
therapy agents (eg, 6-mercaptopurine, azathioprine) 
often mandates a dose reduction of these agents 
upon initiation of allopurinol or febuxostat.56,64

 
Rasburicase
Two limitations hinder the ability of xanthine oxi-
dase inhibitors to treat hyperuricemia: First, these 
medications do not lower pre-existing levels of uric 
acid. Second, inhibition of xanthine oxidase causes 
elevation of serum xanthine levels, which itself can 
cause crystal nephropathy. The development of 
rasburicase has provided a means to overcome these 
limitations. 
 Rasburicase is a recombinant version of the 
enzyme urate oxidase (found in most nonhuman 
mammals), and it metabolizes uric acid to the far 
more soluble compound, allantoin, which is then 
renally eliminated.56 (See Figure 1.) Rasburicase has 
been shown in at least 1 randomized controlled trial76 
and several observational studies77-80 to effectively 
lower uric acid levels, though at least 1 meta-analysis 
failed to show a benefit for prevention of mortality or 
AKI in children.81 

source. For patients at immediate risk for life-threat-
ening dysrhythmias (eg, widened QRS complex on 
ECG or potassium level > 6.0 mEq/L), administra-
tion of IV calcium will temporarily stabilize cardiac 
myocytes (for < 1 hour),71 allowing time for more 
definitive therapies to take effect. IV insulin (10 
units regular insulin with 25 g D50 [50% dextrose 
in water]), IV sodium bicarbonate (50 mEq), and 10 
mg nebulized albuterol are typical starting doses 
that may then be employed to shift excess potassium 
intracellularly. 
 Ultimately, systemic elimination of potas-
sium occurs in 3 ways: (1) via the kidneys (with 
or without assistance from a loop diuretic); (2) in 
the gastrointestinal tract, with administration of 
potassium-eliminating medication (eg, patiromer or 
sodium polystyrene sulfonate 72); or (3) by hemodi-
alysis. Of note, sodium polystyrene sulfonate should 
be employed with care, as cases of associated bowel 
necrosis have been reported, particularly in patients 
with renal compromise.73

 Hypocalcemia occurs in TLS as a secondary ef-
fect of hyperphosphatemia, which drives formation 
of the poorly soluble compound, calcium phosphate, 
and contributes to crystal nephropathy. Repletion of 
hypocalcemia provides further raw material for cal-
cium phosphate formation, and should therefore be 
avoided except in patients with neurological symp-
toms (eg, seizure or coma) or cardiac dysrhythmias 
believed to be due to hypocalcemia. For all other 
patients, monitoring of serum calcium levels should 
occur without repletion. Normal calcium concentra-
tion will be restored upon resolution of TLS and 
normalization of phosphorus concentration.56

 
Xanthine Oxidase Inhibitors and Rasburicase
Elevated uric acid level (hyperuricemia) results from 
the metabolism of purine nucleic acids released from 
dying cancer cells. Adenosine and guanine are both 
metabolized to xanthine then to uric acid prior to 
renal elimination. Hyperuricemia can be mitigated 
by aggressive hydration, but uric acid generation 
can also be pharmacologically inhibited. 
 Allopurinol, a hypoxanthine analog often used 
to prevent gout, competitively inhibits xanthine oxi-
dase, the enzyme that converts xanthine to uric acid. 
(See Figure 1.) While it does not eliminate existing 
uric acid, allopurinol can prevent further generation 
of it, and thus may be used as a preventative mea-
sure against worsening of hyperuricemia. 
 More recently, febuxostat, a noncompetitive 
inhibitor of xanthine oxidase, has been shown in a 
multicenter randomized controlled trial of 100 pa-
tients to be noninferior to allopurinol in regulating 
uric acid levels in patients at risk for TLS.74 Though 
a feasible alternative for patients in whom allopu-
rinol is contraindicated (eg, in medication allergy), 
the steep cost differential between allopurinol and 

Figure 1. Flow Diagram of Purine Metabolism
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or febuxostat) prevent metabolism of xanthine to uric acid.
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 Nonetheless, the most recent guidelines from 
the British Committee for Standards in Haematology 
recommend giving rasburicase at a dose of 0.2 mg/
kg/day IV for any patient with established laboratory 
TLS.69 Two observational studies have shown that a 
single, fixed dose of rasburicase 6 mg IV is success-
ful in reducing elevated uric acid levels82,83 and that 
a single, fixed dose of 3 mg IV may also be effec-
tive.84  
 Patients who have received rasburicase should 
stop receiving xanthine oxidase inhibitors such as 
allopurinol, as these will unnecessarily elevate xan-
thine concentrations, rather than allowing metabo-
lism to allantoin. Though generally safe, rasburicase 
should be avoided in patients with glucose-6-phos-
phate dehydrogenase (G6PD) deficiency, as hydro-
gen peroxide is a byproduct of enzymatic activity 
and may trigger a hemolytic crisis.56 Methemoglo-
binemia has also been reported as an adverse effect 
of rasburicase administration.85 
 
Renal Replacement Therapy
Although IV fluids and medical management of elec-
trolyte derangements and hyperuricemia are often suf-
ficient management for TLS, in cases of oliguria despite 
fluid resuscitation, recalcitrant electrolyte abnormali-
ties, or worsening AKI, renal replacement therapy may 
become necessary. In a recent cross-sectional study of 
22,785 patients with  laboratory TLS, 12% developed 
AKI requiring dialysis.86 In another observational 
study of patients with hematologic malignancy and 
AKI prior to chemotherapy, 50% of patients required 
dialysis.87 While intermittent hemodialysis or continu-
ous renal replacement therapies may be employed for 
patients with TLS, guidelines advise against peritoneal 
dialysis, as this method corrects metabolic abnormali-
ties too slowly to be of use in TLS.69

 
Disposition of Patients With Tumor Lysis Syndrome
Any patient with established TLS should be admit-
ted for further management, and intensive care unit 
admission should be considered for patients with 
clinical TLS. Prior to admission, adequate IV access 
for fluid resuscitation as well as access for hemodial-
ysis, if emergently indicated, should be established. 
Although guidelines exist to predict TLS risk during 
initiation of chemotherapy and recommend prophy-
lactic measures,55 implementing these measures is 
seldom necessary in the ED unless in conjunction 
with an oncologist.

 Neutropenic Fever 

Epidemiology and Pathophysiology of 
Neutropenic Fever
Neutropenia can arise from 2 main sources in cancer 
patients. First, in patients with hematologic malig-
nancies, overgrowth of malignant cells in the bone 
marrow may crowd out functional blood cell precur-
sors. Thus, despite the appearance of leukocytosis 
on laboratory measurement, functional leukocytes, 
including neutrophils, may be deficient. Second, 
and more commonly, blood cell precursors suffer 
collateral damage from cytotoxic anticancer agents, 
which, by design, are particularly lethal to cells with 
rapid turnover.
 The loss of neutrophils and the resulting defi-
ciency in innate immunity causes patients to be sus-
ceptible to life-threatening infection. Therefore, the 
development of neutropenic fever (febrile neutrope-
nia) or other infectious symptoms may mark the de-
velopment of a serious complication. Unfortunately, 
neutropenic fever is a relatively common occurrence, 
with rates as high as 50% for patients with solid 
tumors and as high as 80% for hematologic cancer 
patients.88 A recent prospective study assessing the 
use of the ED by patients with acute leukemia found 
similar incidence, with 81% of these patients visiting 
the ED at least once in the year following adminis-
tration of induction chemotherapy. Of those, 55% 
presented for neutropenic fever.89

 
Absolute Neutrophil Count
The severity of neutropenia for a given patient can 
be determined by calculating the absolute neutro-
phil count (ANC), which is obtained by multiplying 
the total white blood cell count by the sum of the 
percentages of granulocytes and band cells, and then 
dividing this product by 100. 
 An online calculator for ANC, along with more 
information about the uses of this test, is available at 
MDCalc.com. 
• Absolute Neutrophil Count Calculator:  

www.mdcalc.com/absolute-neutrophil-count-anc 
 
 The risk of infection begins to elevate once the 
ANC falls below 1000 cells/mm3, and risk continues 
to increase, approximately linearly, as ANC de-
creases from this threshold. Patients with an ANC of 
< 100 cells/mm3 have a daily infection risk of more 
than 50%.90 Reflecting this, neutropenia is often 
referred to as mild (ANC 1000-1500 cells/mm3),  
moderate (500 to < 1000 cells/mm3), or severe (< 500 
cells/mm3). For simplicity, the most current guide-
lines do not emphasize these gradations, but rather 
define neutropenic patients as those who have an 
ANC of ≤ 500 cells/mm3, or are expected to fall 
below this threshold within 48 hours.91,92

http://www.MDCalc.com
https://www.mdcalc.com/absolute-neutrophil-count-anc
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Diagnostic Workup of Neutropenic Fever
Diagnostic workup should begin with blood cul-
tures, and at least 2 sets of 2 bottles each should 
be drawn. The first should come from a peripheral 
phlebotomy site. If the patient has no indwelling 
lines, the second set should be peripheral as well, 
preferably from a site independent of the first set. 
If the patient does have an indwelling line or port, 
additional sets should be drawn off the port or 
line, at least 1 set per lumen.91,92,98 Sending blood 
cultures in this fashion can provide evidence for 
or against venous catheter infection. In at least 1 
prospective study, growth in catheter-drawn blood 
cultures occurring 2 hours or more before growth in 
peripherally drawn cultures carried a 100% positive 
predictive value for catheter infection.99 Catheter-
drawn cultures growing out within 2 hours of or 
after peripherally drawn cultures carried a negative 
predictive value of 89% to 96%.99

 Additional elements of laboratory workup 
should include complete blood cell count (CBC) 
with differential to assess the severity of neutrope-
nia, urinalysis, urine culture, and renal and hepatic 
function testing.91,98 Other testing should be ordered 
as directed by the clinical scenario.91,98 For patients 
with respiratory symptoms, this should involve spu-
tum culture and respiratory viral testing. Bronchos-
copy with bronchoalveolar lavage has a diagnostic 
yield approaching 50% in patients with a pulmonary 
infiltrate and is particularly helpful in diagnosing 
fungal pneumonia;100,101 however, this procedure 
may be performed following admission and need 
not be pursued in the ED. Those with diarrhea and 
abdominal pain should be tested for Clostridium dif-
ficile, even in the absence of other traditional risk fac-
tors (eg, recent antibiotics), as neutropenia itself may 
be sufficient to trigger colitis in a colonized patient. 
Patients with hypotension and concern for shock 
should have serum lactic acid levels trended.102

Imaging Studies for Neutropenic Fever
Imaging should be similarly directed by clinical 
scenario. Though not unreasonable to perform, chest 
x-ray has a low yield for identifying the infectious 
etiology in those without respiratory symptoms. In a 
prospective study of 109 patients lacking respiratory 
symptoms, only 2 patients had chest x-ray findings 
helpful in diagnosing the etiology of fever.103 More 
advanced chest imaging, such as CT scan, may be 
performed in patients with respiratory symptoms 
whose chest x-ray is inconclusive or in those who 
have been febrile for ≥ 72 hours without a clear 
source and may be harboring an occult fungal infec-
tion.92 Sinus imaging is also unlikely to be helpful 
in patients without sinus-specific symptoms,103 but 
may be considered as part of a workup for occult 
fungal infection in patients with fever without 
source for 72 hours.92 In general, CT scans of the 
chest and sinuses are low-yield in the ED.

Signs and Symptoms of Neutropenic Fever
The most common sites of infection in neutropenic 
patients are the lung (pneumonia), anorectal area, 
skin (cellulitis- or central line-associated infection), 
oropharynx, and urinary tract.93 Because of impaired 
innate immunity, presenting symptoms may vary. 
Fever, defined by the current guidelines as a single 
temperature of ≥ 38.3°C (100.9°F) or a sustained 
temperature of ≥ 38.0°C (100.4°F) for over 1 hour, 
may be the sole presenting symptom.91,92 Conversely, 
the absence of fever does not indicate the absence of 
infection, and afebrile neutropenic patients with signs 
or symptoms of infection should be managed accord-
ing to guidelines for neutropenic fever. In fact, a large 
observational study demonstrated that hypothermia 
on presentation has a higher correlation with mortal-
ity than fever among neutropenic sepsis patients.94

 Pathogens among neutropenic patients are 
frequently from the patient’s own microbiome.93 
An observational study using high-throughput 
PCR techniques to identify pathogens in bacteremic 
neutropenic patients revealed that 65% were normal 
human flora; however, a total of 30 genera from 5 
phyla were identified.95 Two observational studies of 
blood cultures from neutropenic patients similarly 
identified Escherichia coli and coagulase-negative 
Staphylococcus, both normal flora, as the most com-
mon bloodstream pathogens.96,97  

Clinical Features of Neutropenic Fever
ED evaluation of patients with neutropenic fever 
should begin with a thorough history of the present 
illness and review of systems focusing on infectious 
symptoms such as cough, shortness of breath, head-
ache, neck stiffness, abdominal pain, nausea, vomit-
ing, diarrhea, dysuria, ear or sinus pain, pharyngitis, 
rashes, and upper respiratory symptoms. Physical 
examination should include lung auscultation, neck 
range-of-motion testing, skin examination, abdomi-
nal examination, testing for sinus tenderness, and 
an ear and throat examination. Oral examination 
should be performed, looking especially for mucosi-
tis, and external perianal examination should be per-
formed, looking specifically for perianal abscess.98 
Absent supporting evidence, experts recommend 
against digital rectal examination so as to prevent 
translocation of rectal flora to the bloodstream via 
induced microperforations.91 Inventory should be 
made of indwelling lines, and line sites should be 
examined for evidence of cellulitis.
 Fever in cancer patients may be due to various 
causes, including infection, venous thromboembo-
lism, and inflammatory effects of the cancer itself. 
However, given the high mortality associated with 
neutropenic infection, any patient with neutropenia 
and fever should be empirically treated for infection.
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duced hyperglycemia, monocyte count < 200/mm3, 
platelet count < 50,000/mm3, total serum protein 
level < 6 g/dL, respiratory rate of ≥ 24 breaths/min, 
and presence of pulmonary infiltrate. Overall, neu-
tropenic infection carries a mortality rate approach-
ing 20%.108

 
Antimicrobial Therapy for Neutropenic Fever
Patients at high risk should be managed with intra-
venous broad-spectrum antibiotics. Current guide-
lines recommend single coverage with a broad-
spectrum, antipseudomonal beta-lactam agent such 
as cefepime, piperacillin-tazobactam, meropenem, or 
imipenem.91,92 Prior guidelines have recommended 
empiric double coverage of Pseudomonas with a 
fluoroquinolone or aminoglycoside, which may be 
done at the discretion of the treating physician.104 
However, a recent meta-analysis failed to show 
survival benefit from double coverage with a beta-
lactam and aminoglycoside, and instead suggested 
an increased rate of complications such as renal 
failure and fungal superinfection when compared to 
beta-lactam monotherapy.109 Selection of a specific 
broad-spectrum beta-lactam should be done in refer-
ence to local antibiograms; however, most head-to-
head studies have shown little or no benefit from 
one to another.110-117 Only 1 meta-analysis suggested 
a small survival benefit to piperacillin-tazobactam 
when compared with cefepime.118

 Many emergency clinicians are inclined to 
empirically add gram-positive bacterial coverage; 
specifically, vancomycin.119 Despite increasing rates 
of bacteremia with gram-positive organisms,96,120 
multiple studies have failed to show a survival ben-
efit from empiric addition of vancomycin; converse-
ly, they suggest increased complication rates, such as 
AKI.121-123 Similarly, a retrospective study of vanco-
mycin-resistant Enterococcus-colonized patients with 
neutropenic fever failed to demonstrate a survival 
benefit from empiric therapy with linezolid.124 Clini-
cally unstable patients (eg, those with septic shock) 
and those with cellulitis, suspected catheter-associ-
ated infection, or pneumonia should receive empiric 
gram-positive-specific coverage (eg, vancomycin or 
linezolid).91,92 For all others, gram-positive coverage 
should be initiated according to culture data.
 Additional antimicrobial therapy should be 
tailored to the clinical presentation. Patients with 
abdominal pain and diarrhea should receive met-
ronidazole for empiric C difficile coverage; this 
addition to beta-lactam coverage alone for patients 
with gastrointestinal symptoms has, in fact, con-
ferred a survival benefit in 1 randomized controlled 
trial.125 Patients with community-acquired pneu-
monia should be covered for atypical pathogens 
with azithromycin or a respiratory fluoroquinolone 
(levofloxacin or moxifloxacin), and consideration 
should be given to empiric influenza treatment and 

Management of Neutropenic Fever
Risk Stratification 
Management of neutropenic fever varies depending 
on risk stratification of the presentation, but all risk 
levels mandate immediate empiric antibiotics even 
in the absence of culture results. Three sets of criteria 
for risk stratification exist. The Infectious Diseases 
Society of America (IDSA) identified high-risk 
criteria, and any patient meeting at least 1 criterion 
is considered to be at high risk:
• Expected duration of neutropenia > 7 days 
• Expected nadir in ANC < 100 cells/mm3 
• Hypotension, pneumonia, abdominal pain, neu-

rologic changes 
• Existence of significant comorbidities91  

 The European Conference on Infections in 
Leukemia (ECIL) also identifies current or prior 
infections with resistant organisms, or treatment 
at a center with known prevalence of such organ-
isms.104 Separately, the Multinational Association 
for Supportive Care in Cancer (MASCC) risk index 
was developed to identify patients with low-risk 
features who may be eligible for outpatient treat-
ment with oral antibiotics. (See Table 1.) A score of 
≥ 21 identifies low-risk patients with an approxi-
mately 90% chance of uncomplicated resolution of 
fever within 5 days. 
 An online calculator for the MASCC risk index, 
along with more information about its uses, is avail-
able at MDCalc.com:
• MASCC Risk Index for Febrile Neutropenia 

Calculator: www.mdcalc.com/mascc-risk-index-
febrile-neutropenia 

 Recent retrospective106 and prospective107 stud-
ies have identified additional high-risk features. 
These features include poor baseline performance 
status, underlying chronic obstructive pulmonary 
disease or cardiovascular dysfunction, stress-in-

Table 1. Components of the Multinational 
Association of Supportive Care in Cancer 
(MASCC) Risk Index105 

Clinical Feature Point value

Absence of hypotension 5

Asymptomatic or overall mild symptom burden 5

No history of chronic obstructive pulmonary disease 4

No prior fungal infections or solid tumor type 4

Absence of dehydration 3

Overall moderate symptom burden 3

Onset of fever while outpatient 3

Age < 60 years 2

A score of ≥ 21 implies a 90% chance of uncomplicated resolution of 

fever within 5 days.

https://www.mdcalc.com/mascc-risk-index-febrile-neutropenia
https://www.mdcalc.com/mascc-risk-index-febrile-neutropenia
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admitted to a floor bed (ideally in an oncology unit) 
for IV broad-spectrum antibiotics; however, a small 
portion may be managed with oral antibiotics, usu-
ally ciprofloxacin plus amoxicillin/clavulanate, as 
outpatients.139 
 In order to be eligible for outpatient treatment, 
the patients should:
• Meet low-risk MASCC criteria (score ≥ 21; see 

Table 1, page 10)
• Have reliable daily oncology follow-up 
• Demonstrate stability during ≥ 4-hour ED obser-

vation 
• Have no evidence of cellulitis, line infection, 

pneumonia, or organ failure139-142 

 Perhaps because of the rarity of patients meeting 
these criteria, the majority of emergency physicians 
(77%) were unaware of them when surveyed.143 
Furthermore, in a retrospective study of the disposi-
tions of 173 neutropenic patients with fever, 120 of 
129 high-risk patients were admitted in accordance 
with guidelines, but 43 of 44 low-risk patients who 
met criteria for discharge were also admitted.144 
Identification of such discharge-eligible patients will 
become increasingly important as the mandate for 
cost-conscious care strengthens. Because of the im-
portance of follow-up, a febrile neutropenic patient 
should generally only be discharged after direct 
consultation with the patient’s oncologist.

 Controversies and Cutting Edge 

Decades of research have come to fruition in recent 
years with novel therapies for cancer, including 
monoclonal antibodies targeting cancer-specific an-
tigens, development of techniques to invigorate the 
host’s immune response against tumor (ie, immu-
notherapy), and engineering of viruses designed to 
seek and destroy cancer cells (ie, virotherapy). These 
new therapies are in their relative infancy, and they 
may also bring new complications.
 
Monoclonal Antibody Therapy
As cancer-causing mutations continue to be identi-
fied, novel monoclonal antibodies targeting their 
corresponding peptide products are developed. 
Because of the targeted nature of these therapies, 
they tend to carry fewer adverse effects than tradi-
tional chemotherapeutics. However, they still may 
cause hypersensitivity reactions, cytokine release 
syndromes, and, in rare cases, progressive multifo-
cal leukoencephalopathy.145 Cases of TLS following 
administration of monoclonal antibody therapy have 
also been reported.146,147

 
Immunotherapy
Immunotherapy recognizes that tumor cells express 
non–self-tolerant neoantigens, and attempts to bol-

empiric pneumocystis pneumonia treatment as well, 
depending on symptoms, time of year, and duration 
and severity of neutropenia.92 Patients with vesicu-
lar rash should be considered for empiric acyclovir.92 
Nuchal rigidity with mental status changes should 
trigger coverage for meningeal pathogens.
 Empiric antifungal coverage is rarely employed 
and is generally not initiated in the ED, except as 
directed by specific clinical data or in cases of ex-
treme clinical instability. One randomized controlled 
trial failed to show survival benefit associated with 
empiric initiation of voriconazole.126 In lieu of empiric 
antifungal agents, some oncology wards have ad-
opted a protocol for pre-emptive screening for fungal 
infection in neutropenic patients, including regular 
high-resolution chest CT scans, scheduled measure-
ment of galactomannan levels, and bronchoscopy 
with bronchoalveolar lavage. These programs have 
reduced patient exposure to complication-laden 
antifungal agents without increasing mortality.127,128 
Informed selection between antifungal agents is hin-
dered by systemic problems in existing studies129 and 
equivalency between empiric agents;130,131 however, a 
meta-analysis did favor liposomal amphotericin B.132

 Several observational studies in patients with 
neutropenic fever have examined the effect of time 
to administration of antibiotics on mortality. While 
some have shown a correlation between delays in 
antibiotics and mortality,133,134 others have shown 
no correlation.135,136 Nonetheless, we recommend 
patients at high risk receive IV broad-spectrum an-
tibiotics as soon as reasonably possible after blood 
cultures are obtained. Two recent ED studies have 
demonstrated expedited time to antibiotic adminis-
tration by employing clinical protocols for patients 
with neutropenic fever. In the first study, patients 
at high risk for neutropenia were given identifica-
tion cards by their oncologists, which cued emer-
gency clinicians to order antibiotics for fever and 
high-risk features without having to wait for a CBC 
with differential.137 Other changes in this study 
included implementation of an electronic order set 
for neutropenic fever, introduction of neutropenic 
fever as a specific chief complaint in triage, and 
storage of common neutropenic fever antibiot-
ics in the ED rather than in the pharmacy. These 
changes decreased the average time to antibiotic 
administration from 235 minutes to 81 minutes. In 
the second study, bedside nurses were empowered 
to order protocoled antibiotics without waiting for 
a provider. This resulted in > 95% of patients with 
neutropenic fever receiving appropriate antibiotics 
within 60 minutes.138

Disposition of Patients With Neutropenic Fever
Disposition depends on the risk of mortality or 
complication. Hemodynamically unstable patients 
or those likely to become unstable should be admit-
ted to an intensive care unit. Most patients will be 
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myelography needs to be pursued only if bony 
metastases appear or clinical suspicion for cord 
compression is high.

• In the treatment of TLS, a single dose of rasbu-
ricase 6 mg IV has been shown to successfully 
reduce uric acid levels and may be considered in 
place of the 0.2 mg/kg IV daily dose.

• In the treatment of neutropenic fever, effective 
coverage is provided by monotherapy with a 
broad-spectrum, antipseudomonal beta-lactam. 
Addition of a second antipseudomonal agent, 
empiric vancomycin coverage, or empiric anti-
fungal coverage does not improve outcomes and 
may cause complications (eg, AKI). Exceptions 
may be driven by individual clinical circum-
stances (eg, known methicillin-resistant Staphy-
lococcus aureus colonization, suspected line infec-
tion, or known history of fungal pneumonia).

 Case Conclusions 

Given the high clinical suspicion for metastatic disease in 
your 67-year-old patient with prostate cancer and back 
pain in addition to the neurologic findings on exam, you 
administered IV dexamethasone and arranged for an MRI 
of the thoracic and lumbar spine. The thoracic region was 
included as well because of the high incidence of addi-
tional asymptomatic metastases. The MRI revealed lesions 
to the T8, L1, and L2 vertebrae that were suspicious for 
malignant disease, with compression of the spinal cord at 
the L1 level. Oncology, radiation oncology, and a spinal 
surgeon were emergently consulted. The patient was 
taken for anterior laminectomy, followed by radiation 
therapy, and his symptoms had improved markedly by 
hospital discharge.
 With the 55-year-old man who presented with lung 
cancer and fever, you recognized the patient’s neutrope-
nia, as well as high-risk features that included profound 
neutropenia (ANC, 60 cells/mm3), possible pneumonia, 
and relatively low blood pressure (given his history of hy-
pertension). You also noted lab abnormalities, including 
thrombocytopenia and lactic acidosis, which could portend 
a complicated course. He was started on cefepime 2 g IV, 
and blood, urine, and sputum cultures were sent. Large-
bore IV access was established and 30 mL/kg of crystalloid 
fluid was administered, with improvement in his pulse 
and blood pressure. He was admitted to the oncology ward 
for continued broad-spectrum antibiotic coverage. Within 
hours, his blood cultures grew gram-negative rods, with 
the cultures from the line turning positive more than 2 
hours before the peripheral cultures, suggesting a cathe-
ter-related infection.

ster the patient’s own immune system against these 
neoantigens. Immunotherapy is accomplished by 
directly stimulating T cells or inhibiting checkpoints 
of T-cell activation and development.148 Currently, 
therapies achieving the latter are more developed, 
with 4 monoclonal antibodies to T-cell checkpoint 
proteins currently approved in the United States 
(ipilimumab, nivolumab, pembrolizumab, and 
atezolizumab). Inhibiting T-cell checkpoints can lead 
to failures of self-tolerance, causing a specific set of 
immune-related adverse events, including diar-
rhea (11%-33% of patients receiving therapy), colitis 
(1%-12%), hepatitis (1%-7%), skin toxicity (9%-35%), 
thyroid dysfunction (3%-17%), and pituitary inflam-
mation (hypophysitis, 1%-4%).149,150 Hypophysitis 
is particularly important for emergency clinicians 
to identify, as secondary adrenal insufficiency may 
cause life-threatening hypotension that can be easily 
managed with exogenous corticosteroids.151

 
Virotherapy
Virotherapy involves the design and delivery of 
viruses that specifically target and destroy tumor 
cells while sparing noncancerous tissue.152 The 
first such commercially available treatment in the 
United States, talimogene laherparepvec (T-Vec) 
was approved by the United States Food and 
Drug Administration (FDA) in 2015 for melanoma 
treatment. T-Vec targets tumor cells by relying on 
tumor-specific transcription factors for replication. 
Tumor cell death is achieved by lysis as part of the 
viral reproductive cycle.152 Common side effects 
during phase 3 testing of T-Vec included fatigue, fe-
ver, and chills, and 2.1% of participants developed 
cellulitis.153 Additionally, animal tests using other 
oncolytic viruses have generated tumor cell death 
rates rapid enough to induce TLS.154 

 Summary 

Continued strides in the field of cancer treatment 
ensure that the number of people living with can-
cer and complications of cancer will rise in coming 
years. Until future therapies that more tightly target 
malignant cells lessen the severity of complications 
and adverse effects, toxicities of traditional treat-
ments will continue to manifest in patients present-
ing to the ED. Therefore, it is incumbent upon the 
emergency clinician to remain vigilant for these 
complications of cancer and its treatment.

 Time- and Cost-Effective Strategies 

• If MSCC is suspected but MRI unavailable, 
initial imaging should be noncontrasted CT scan 
of the spinal column. If this does not reveal evi-
dence of bony metastasis and clinical suspicion 
is low, other diagnoses are more probable. CT 
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Clinical Pathway For Emergency Department Management Of Multiple 
Shocks

Clinical Pathway for Emergency Department 
Management of Metastatic Spinal Cord Compression

Patient presents with back pain, 

history of malignancy, or other 

appropriate clinical suspicion

Neurologic deficit?

Consider nonmalignant cause (Class II)

MRI or noncontrast CT shows 

vertebral metastasis?

MRI or CT 

myelogram 

shows cord 

compression?

Consider 

nonmalignant 

cause (Class II)

Administer IV dexamethasone (Class I)

MRI available and not contraindicated?

Consider nonmalignant 

cause (Class II)

Perform noncontrast CT spine: 

shows vertebral metastases?

Perform CT myelogram (Class I)

• Obtain emergent consults with radiation oncology and spinal surgeon 

(Class I)
• Admit

Administer IV dexamethasone 

(Class I)
Consult oncologist for 

nonemergent management 

(Class II)

NO

NO

NO

NO
NO

NO

YES

YES

YES

YES

Abbreviations: CT, computed tomography; IV, intravenous; MRI, magnetic resonance imaging.

Perform MRI: shows 

vertebral metastasis?

YES YES

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective studies: 

historic, cohort, or case control studies
• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treat-

ments

Level of Evidence:
• Generally lower or intermediate levels of 

evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

 Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions. 
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Clinical Pathway For Emergency Department Management Of Multiple 
Shocks

Clinical Pathway for Emergency Department 
Management of Tumor Lysis Syndrome

Patient presents with appropriate clinical 

situation and any of the following:

• Uric acid ≥ 8 mg/dL

• Potassium ≥ 6 mEq/L

• Phosphorus ≥ 4.5 mg/dL (6.5 mg/dL 

in children)

• Calcium ≤ 7 mg/dL

• 25% change from baseline in any of 

those values

Start normal saline IV fluid 

(0.9% sodium chloride) and 

correct potassium (Class I)

Uric acid ≥ 8 mg/dL?

Consider rasburicase (Class II) Consider allopurinol (Class II)

Laboratory tumor lysis syndrome: do not 

replete hypocalcemia (Class II)

Admit to oncology unit

Clinical symptoms?

• Cardiac dysrhythmia

• Neurologic dysfunction (eg, seizure, 

coma)

• New acute kidney injury requiring 

renal replacement therapy

Admit to ICUCorrect until asymptomatic (Class II)

NO

NO

YES

YES

YES

Abbreviations: ICU, intensive care unit; IV, intravenous.

For Class of Evidence definitions, see page 13.

Clinical tumor lysis syndrome:

hypocalcemia?

NO
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Clinical Pathway For Emergency Department Management Of Multiple 
Shocks

Clinical Pathway for Emergency Department 
Management of Neutropenic Fever

Consider outpatient treatment with oral ciprofloxacin plus 

amoxicillin/clavulanate if oncologist agrees and provides follow-up 

(Class II)

Admit to oncology unit

Admit to ICU

Patient presents with:

• Fever (any temp ≥ 38.3°C, or ≥ 38.0° sustained ≥ 1 hour)

• Neutropenia (ANC ≤ 500 cells/mm3, or expected to fall below this 

level in next 48 hours)

Any risk factor for severe infection?

• Duration of neutropenia expected to last > 7 days

• Expected nadir in ANC of <100 cells/mm3 

• Hypotension 

• Pneumonia 

• Abdominal pain 

• Neurologic changes

• Existence of significant comorbidities (eg, COPD, CHF)

Initiate coverage with IV broad-spectrum beta-lactam with 

antipseudomonal coverage (Class I)
MASCC score ≥ 21 and able to tolerate oral medications?

Add antibiotics as needed:
Vancomycin for:  

• Line infection

• Cellulitis

• Pneumonia

• Unstable patient

Metronidazole for: 

• Diarrhea  

• Suspicion for Clostridium difficile infection

 (Class I)
Clinically stable?

NO

NO

NO

YES

YES

YES

Abbreviations: ANC, absolute neutrophil count; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; 

IV, intravenous; MASCC, Multinational Association for Supportive Care in Cancer.

For Class of Evidence definitions, see page 13.
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1. “He’s already getting treatment for his prostate 
cancer, so his back pain is probably just from 
lifting something heavy.”
In patients with known cancer, specificity of 
a complaint of back pain for metastatic spinal 
disease approaches 100%. This diagnosis should 
be assumed until proven otherwise.

2. “The spinal x-rays look normal. If she doesn’t 
have any metastasis, she couldn’t have cord 
compression.”
Normal spinal plain films do not rule out 
metastatic spinal cord compression. Often, the 
invading tumor will spread from the vertebral 
bone marrow to the spinal canal prior to 
invading cortical bone, therefore remaining 
undetected on x-ray.

3. “Call a surgeon? I’ve always treated metastatic 
spinal cord compression with radiation. If the 
oncologists want a surgeon, they can consult 
after they try radiation.”
Surgical management of metastatic spinal cord 
stenosis should precede radiation therapy unless 
contraindicated. This leads to better outcomes 
than radiation therapy alone or surgery 
following radiation therapy.

4. “Whoa, that patient with TLS has a calcium 
level of 8.0 mg/dL. He seems fine, but I’d better 
give him a little just to be sure.”
Avoid repletion of hypocalcemia in patients 
with TLS except in cases of cardiac arrhythmia 
or central nervous system involvement. 
Repletion of hypocalcemia in a setting of 
hyperphosphatemia will drive calcium 
phosphate crystal nephropathy.

5. “Normal saline? No, this patient has TLS. We 
need to use a sodium bicarbonate drip to alka-
linize the urine.”
Avoid urine alkalization when treating TLS. 
This has not been shown to improve uric 
acid clearance, and may cause acid/base 
complications.

6. “The oncologist said we need to test for G6PD 
deficiency before we give rasburicase, but that 
test takes a day to come back and his uric acid 
level is 14 mg/dL. What’s the worst that could 
happen?”
Rasburicase should not be administered to 
patients with G6PD deficiency. It can trigger a 
hemolytic crisis.

7. “I know she has TLS, but she’s not making 
any urine. I don’t want to risk giving any IV 
fluids.”
For patients with TLS, first-line therapy is 
aggressive hydration with normal saline IV 
fluid. This should be performed even for oliguric 
or anuric patients; however, plans should be 
made for renal replacement therapy if urine 
output does not improve with hydration. A 
Foley catheter should be placed to evaluate the 
response to fluids.

8. “The oncologist said to admit him for high-
risk neutropenic fever because his ANC is so 
low and he has infiltrates on chest x-ray, but he 
looks fine now and wants to go home. I think 
we can discharge on oral antibiotics.”
For patients with neutropenic fever, the 
following findings define high risk: duration of 
neutropenia expected to last > 7 days, expected 
nadir in ANC of < 100 cells/mm3, hypotension, 
pneumonia, abdominal pain, neurologic 
changes, existence of significant comorbidities, 
current or prior infections with resistant 
organisms, or treatment at a center with known 
prevalence of such organisms. Patients with 
high-risk neutropenic fever should be admitted 
for IV antibiotics and monitoring.

9. “He has neutropenic fever, but he’s hemody-
namically stable. I’d rather not start antibiotics 
until we know what it is we’re treating.”
In the treatment of patients with febrile 
neutropenia, empiric broad-spectrum antibiotic 
therapy should begin immediately, even if a 
specific diagnosis has not yet been made. For 
patients with high-risk features, a parenteral beta-
lactam with antipseudomonal properties (such as 
cefepime or piperacillin-tazobactam) should be 
used. Additional antibiotics can be added specific 
to clinical suspicions (eg, metronidazole if C 
difficile is suspected).

10. “Her oncologist sent her in for neutropenia 
with cough and sputum production and there 
are infiltrates on chest x-ray, but she hasn’t 
actually been febrile. I’m not sure she really 
needs IV cefepime for this. Maybe she can go 
home on oral azithromycin.”
Neutropenic patients who display signs or 
symptoms of infection even in the absence 
of fever should be treated immediately and 
aggressively with broad-spectrum IV antibiotics.

Risk Management Pitfalls for Oncologic Emergencies
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5. Which of the following tests should not be 
used to assess for popliteal artery injury?
a. X-ray series of the knee
b. Duplex ultrasound
c. CT angiogram
d. Arteriogram

6. The common force that is applied in the reduc-
tion of all types of knee dislocation is:
a. Axial loading
b. Anterior force on the proximal tibia
c. Posterior force on the proximal tibia
d. Traction/counter-traction

7. When should a knee or ankle joint be reduced 
in the field by EMS before transport?
a. Significant deformity
b. Severe and unremitting pain
c. Open dislocation
d. Concern for ischemia distal to the injury

8. What type of knee dislocation is the most com-
mon?
a. Medial
b. Anterior
c. Posterior
d. Lateral
e. Rotational

9. What other injury should be excluded before 
attempting reduction of an ankle dislocation?
a. Hip fracture
b. Calcaneal fracture
c. Subtalar dislocation
d. Tibial shaft fracture

10. What potential complication from a dislocated 
ankle is the primary reason for timely reduc-
tion of the talus?
a. Postoperative infection
b. Avascular necrosis of the talus
c. Long-term osteoarthritis
d. Compartment syndrome
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1. What is the most common type of hip disloca-
tion?
a. Lateral
b. Medial
c. Anterior 
d. Posterior

2. Delaying a native hip reduction can result in 
which of the following complications?
a. Compartment syndrome
b. Further blood loss  
c. Avascular necrosis
d. Infection

3. Which of the following hip dislocations should 
not be reduced by an emergency clinician 
without an orthopedic surgeon present?
a. Dislocation with associated fracture
b. Dislocation with a prosthetic hip
c. Dislocation without fracture
d. No dislocation should be reduced without 

orthopedic consultation

4. To avoid complications, what should be the 
goal time-to-reduction of a native hip disloca-
tion? 
a. Less than 1 hour
b. Less than 6 hours
c. Less than 24 hours
d. Less than 72 hours
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c. 61-year-old man with back pain only
d. 72-year-old woman with new urinary 

incontinence

5.  Which of the following constitutes appropriate 
first-line treatment for tumor lysis syndrome?
a. IV furosemide
b. IV 0.9% sodium chloride
c. IV pamidronate
d. IV sodium bicarbonate

6.  Which of the following medications adminis-
tered for tumor lysis syndrome will alter the 
metabolism of purine-analog chemotherapeu-
tic agents, potentially requiring dose modifica-
tion of the chemotherapeutic?
a. Allopurinol
b. Calcium gluconate
c. Furosemide
d. Insulin

7.  Rasburicase is contraindicated in a patient 
with which of the following comorbidities?
a. Factor V Leiden
b. Glucose-6-phosphate dehydrogenase 

deficiency
c. Pernicious anemia
d. Von Willebrand disease

8.  Which of the following diagnostic tests should 
be ordered for all patients with neutropenic 
fever in the ED, regardless of symptoms?
a. Blood cultures
b. Bronchoscopy with lavage
c. Clostridium difficile antigen testing
d. CT of the chest

9.  Which of the following is an acceptable 
empiric antibiotic regimen for a neutropenic 
patient with fever and high-risk features?
a. IV cefepime
b. IV clindamycin
c. IV ampicillin-sulbactam
d. IV vancomycin

10.  For which of the following neutropenic fever 
patients do guidelines recommend empiric 
addition of IV vancomycin to the antibiotic 
regimen?
a. 57-year-old man with fever and no other 

specific symptoms
b. 63-year-old woman with dysuria and 

urinalysis positive for nitrite and bacteria
c. 45-year-old man with erythema noted 

around his Mediport site
d. 72-year-old woman with oral pain and 

mucositis on examination
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free by completing the following test. Each issue 
includes 4 AMA PRA Category 1 CreditsTM, 4 ACEP 
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1.  For patients with suspected metastatic spinal 
cord compression, which spinal segment(s) are 
most likely to contain an offending lesion?
a. Cervical only
b. Cervical and thoracic
c. Cervical and lumbar
d. Thoracic and lumbar

2.  Which of these imaging studies will demon-
strate the presence of spinal cord compression?
a. Magnetic resonance imaging (MRI)
b. Noncontrast computed tomography (CT)
c. Plain films
d. Radionuclide scanning

3.  For patients with metastatic spinal cord com-
pression, which sequence of treatments is most 
likely to lead to the best possible neurologic 
outcome, assuming no surgical contraindica-
tions?
a. Immediate IV corticosteroid, then radiation 

therapy
b. Immediate IV corticosteroid, then radiation 

therapy, then IV corticosteroid
c. Immediate IV corticosteroid, then surgery, 

then radiation therapy
d. Immediate surgery, then IV corticosteroid, 

then radiotherapy 

4.  Which of the following patients with vertebral 
metastatic disease may be managed without 
dexamethasone administration?
a. 53-year-old man with left-leg weakness, but 

still able to walk
b. 67-year-old woman with dulled sensation to 

both legs



23 Copyright © 2018 EB Medicine. All rights reserved. January 2018 • www.ebmedicine.netCopyright © 2017 EB Medicine. All rights reserved. 26 Reprints: www.ebmedicine.net/empissues

*Due to copyright restrictions, 1 article from the 2016 LLSA, 
2 articles and 1 table from the 2017 LLSA, and 1 article 
from the 2018 LLSA are not included.

The 2015-2018 Lifelong Learning  
and Self-Assessment Study Guides  
Are Available Now The #1 

LLSA Study 
GuideReceive full article reprints*, CME,  

and more when you order yours today!
Your Lifelong Learning And Self-Assessment Study Guides include:

• Full reprints* of the original articles 

• A handy summary of the key points 

• An in-depth discussion to clarify and elaborate on the key points

• Sample questions to help you quiz yourself on your knowledge 
of the material 

• Print or online formats at the same low price

• 35 AMA PRA Category 1 CreditsTM and 35 ACEP Category I Credits. 

• The practical knowledge you need to ace the ABEM LLSA exams

Accreditation: EB Medicine is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to provide continuing medical education for physicians. This activity 
has been planned and implemented in accordance with the accreditation requirements and policies of the ACCME. Credit Designation: EB Medicine designates this enduring material 
for a maximum of 35 AMA PRA Category 1 Credits™ per study guide. Physicians should claim only the credit commensurate with the extent of their participation in the activity. 
Faculty Disclosure: It is the policy of EB Medicine to ensure objectivity, balance, independence, transparency, and scientific rigor in all CME-sponsored educational activities. All faculty 
participating in the planning or implementation of a sponsored activity are expected to disclose to the audience any relevant financial relationships and to assist in resolving any conflict 
of interest that may arise from the relationship. In compliance with all ACCME Essentials, Standards, and Guidelines, all faculty for this CME activity made a full disclosure statement. This 
information will be presented as part of the course materials. Commercial Support: This activity received no commercial support.

“

“

“Excellent. I like the format with the synopsis and key points 
followed by the full article. Easy to read. Easy to navigate.” 

- ANITA L’ITALIEN, MD

“I have been using your LLSA Study Guides for over seven 
years now. They are concise, thoughtful, and extremely 
helpful. With the CME credits included for free, it is definitely 
money well spent.” 

- JAMES ROSBRUGH, MD

Includes 
FULL Article 

Reprints*

2 Easy Ways To Order:
1. Go online to: www.ebmedicine.net/NKLXT
2. Call 1-800-249-5770 or 678-366-7933

Use Promotion Code: NKLXT at checkout

$219/volume



Copyright © 2018 EB Medicine. All rights reserved. 24

Physician CME Information 
Date of Original Release: January 1, 2018. Date of most recent review: December 10, 2017. 

Termination date: January 1, 2021. 

Accreditation: EB Medicine is accredited by the Accreditation Council for Continuing Medical 
Education (ACCME) to provide continuing medical education for physicians. This activity 
has been planned and implemented in accordance with the accreditation requirements and 
policies of the ACCME. 

Credit Designation: EB Medicine designates this enduring material for a maximum of 4 AMA PRA 
Category 1 Credits™. Physicians should claim only the credit commensurate with the extent of 
their participation in the activity.

ACEP Accreditation: Emergency Medicine Practice is approved by the American College of 
Emergency Physicians for 48 hours of ACEP Category I credit per annual subscription.

AAFP Accreditation: This Enduring Material activity, Emergency Medicine Practice, has been 
reviewed and is acceptable for credit by the American Academy of Family Physicians. Term 
of approval begins 07/01/2017. Term of approval is for one year from this date. Physicians 
should claim only the credit commensurate with the extent of their participation in the activity. 
Approved for 4 AAFP Prescribed credits.

AOA Accreditation: Emergency Medicine Practice is eligible for up to 48 American 
Osteopathic Association Category 2-A or 2-B credit hours per year.

Needs Assessment: The need for this educational activity was determined by a survey 
of medical staff, including the editorial board of this publication; review of morbidity and 
mortality data from the CDC, AHA, NCHS, and ACEP; and evaluation of prior activities for 
emergency physicians.

Target Audience: This enduring material is designed for emergency medicine physicians, 
physician assistants, nurse practitioners, and residents.

Goals: Upon completion of this activity, you should be able to: (1) demonstrate medical 
decision-making based on the strongest clinical evidence; (2) cost-effectively diagnose and 
treat the most critical presentations; and (3) describe the most common medicolegal pitfalls 
for each topic covered.  

Learning Objectives: Upon completion of this article, the reader should be able to: (1) identify 
conditions due to cancer or cancer therapy that have the potential to cause death or organ 
damage; (2) initiate treatment for oncologic emergencies, including providing immediate 
therapies in the emergency department and establishing plans for definitive management; and 
(3) make disposition decisions appropriate to patient condition and expected prognosis. 

Discussion of Investigational Information: As part of the journal, faculty may be presenting 
investigational information about pharmaceutical products that is outside Food and Drug 
Administration-approved labeling. Information presented as part of this activity is intended 
solely as continuing medical education and is not intended to promote off-label use of any 
pharmaceutical product. 

Faculty Disclosure: It is the policy of EB Medicine to ensure objectivity, balance, independence, 
transparency, and scientific rigor in all CME-sponsored educational activities. All faculty 
participating in the planning or implementation of a sponsored activity are expected to disclose 
to the audience any relevant financial relationships and to assist in resolving any conflict 
of interest that may arise from the relationship. In compliance with all ACCME Essentials, 
Standards, and Guidelines, all faculty for this CME activity were asked to complete a full 
disclosure statement. The information received is as follows: Dr. Wacker, Dr. McCurdy, Dr. 
Chase, Dr. Kreitzer, Dr. Mishler, Dr. Toscano, and their related parties report no significant 
financial interest or other relationship with the manufacturer(s) of any commercial 
product(s) discussed in this educational presentation. Dr. Jagoda made the following 
disclosures: Consultant, Daiichi Sankyo Inc; Consultant, Pfizer Inc; Consultant, Banyan 
Biomarkers Inc; Consulting fees, EB Medicine.

Commercial Support: This issue of Emergency Medicine Practice did not receive any 
commercial support.

Earning Credit: Two Convenient Methods: (1) Go online to www.ebmedicine.net/CME and 
click on the title of the article. (2) Mail or fax the CME Answer And Evaluation Form (included 
with your June and December issues) to EB Medicine.

Hardware/Software Requirements: You will need a Macintosh or PC to access the online 
archived articles and CME testing. 

Additional Policies: For additional policies, including our statement of conflict of interest, source 
of funding, statement of informed consent, and statement of human and animal rights, visit 
www.ebmedicine.net/policies.

Reprints: www.ebmedicine.net/empissues

CEO: Stephanie Williford  Finance & HR Manager: Robin Wilkinson  Publisher: Suzanne Verity  Director of Editorial Quality: Dorothy Whisenhunt, MS
Senior Content Editor & CME Director: Erica Scott  Content Editor: Cheryl Belton, PhD, ELS  Editorial Content Coordinator: Angie Wallace

Office Manager: Kiana Collier  Account Manager: Dana Stenzel  
Online Marketing Manager: Marcus Snow  Marketing Manager: Anna Motuz, MBA  Database Administrator: Jose Porras

Emergency Medicine Practice (ISSN Print: 1524-1971, ISSN Online: 1559-3908, ACID-FREE) is published monthly (12 times per year) by EB Medicine (5550 Triangle Parkway, Suite 
150, Norcross, GA 30092). Opinions expressed are not necessarily those of this publication. Mention of products or services does not constitute endorsement. This publication is 
intended as a general guide and is intended to supplement, rather than substitute, professional judgment. It covers a highly technical and complex subject and should not be used 
for making specific medical decisions. The materials contained herein are not intended to establish policy, procedure, or standard of care. Copyright © 2018 EB Medicine. All rights 
reserved. No part of this publication may be reproduced in any format without written consent of EB Medicine. This publication is intended for the use of the individual subscriber only 

and may not be copied in whole or part or redistributed in any way without the publisher’s prior written permission. 

Subscription Information

Full annual subscription: $349 (includes 12 monthly evidence-based print 
issues; 48 AMA PRA Category 1 CreditsTM, 48 ACEP Category I credits, 48 AAFP 
Prescribed credits, and 48 AOA Category 2A or 2B CME credits. Call 
1-800-249-5770 or go to www.ebmedicine.net/subscribe to subscribe.

Individual issues: $39 (includes 4 CME credits). Call 1-800-249-5770 or  go to 
www.ebmedicine.net/EMPissues to order.

Group subscriptions at discounted rates are also available. 
Contact groups@ebmedicine.net for more information.

Direct all inquiries to:

EB Medicine
Phone: 1-800-249-5770 or 1-678-366-7933 

Fax: 1-770-500-1316 
5550 Triangle Parkway, Suite 150

Norcross, GA 30092
E-mail: ebm@ebmedicine.net
Website: www.ebmedicine.net

To write a letter to the editor, please email: 
jagodamd@ebmedicine.net

In upcoming issues of 
Emergency Medicine Practice....

•	 Thermal	Burns	

•	 Jaundice

•	 Emerging	Infectious	Diseases

•	 Inhalation	Injuries

•	 Vertigo

October 2016

Volume 18, Number 10

Author

Julianna Jung, MD, FACEP

Associate Professor and Director of Undergraduate Medical Education, 

Department of Emergency Medicine, Johns Hopkins University School of 

Medicine, Baltimore, MD

Peer Reviewers

William J. Brady, MD

Professor of Emergency Medicine and Medicine; Chair, Medical 

Emergency Response Committee; Medical Director, Emergency 

Management, University of Virginia Medical Center, Charlottesville, VA

Faheem Guirgis, MD, FACEP

Assistant Professor of Emergency Medicine, University of Florida Health 

Jacksonville, Department of Emergency Medicine, Division of Research, 

Jacksonville, FL

CME Objectives 

Upon completion of this article, you should be able to:

1. Describe the elements of high-quality basic life support.

2. Discuss the evidentiary basis and current guidelines for advanced 

life support interventions.

3. Describe essential considerations in postresuscitation care following 

restoration of spontaneous circulation.

4. List modifications to standard resuscitation protocols that may be 

considered in special resuscitation situations.

Prior to beginning this activity, see “Physician CME Information”  

on the back page.

Optimizing Survival Outcomes 

For Adult Patients With 

Nontraumatic Cardiac Arrest

 Abstract 

Patient survival after cardiac arrest can be improved significantly 

with prompt and effective resuscitative care. This systematic 

review analyzes the basic life support factors that improve survival 

outcome, including chest compression technique and rapid defi-

brillation of shockable rhythms. For patients who are successfully 

resuscitated, comprehensive postresuscitation care is essential. Tar-

geted temperature management is recommended for all patients 

who remain comatose, in addition to careful monitoring of oxygen-

ation, hemodynamics, and cardiac rhythm. Management of cardiac 

arrest in circumstances such as pregnancy, pulmonary embolism, 

opioid overdose and other toxicologic causes, hypothermia, and 

coronary ischemia are also reviewed. 

Editor-In-Chief

Andy Jagoda, MD, FACEP  

Professor and Chair, Department of 

Emergency Medicine, Icahn School 

of Medicine at Mount Sinai, Medical 

Director, Mount Sinai Hospital, New 

York, NY

Associate Editor-In-Chief

Kaushal Shah, MD, FACEP  

Associate Professor, Department of 

Emergency Medicine, Icahn School 

of Medicine at Mount Sinai, New 

York, NY 

Editorial Board

Saadia Akhtar, MD  

Associate Professor, Department of 

Emergency Medicine, Associate Dean 

for Graduate Medical Education, 

Program Director, Emergency 

Medicine Residency, Mount Sinai 

Beth Israel, New York, NY 

William J. Brady, MD  

Professor of Emergency Medicine 

and Medicine; Chair, Medical 

Emergency Response Committee; 

Medical Director, Emergency 

Management, University of Virginia 

Medical Center, Charlottesville, VA 

Calvin A. Brown III, MD

 Director of Physician Compliance, 

Credentialing and Urgent Care 

Services, Department of Emergency 

Medicine, Brigham and Women's 

Hospital, Boston, MA 

Peter DeBlieux, MD   

Professor of Clinical Medicine, 

Interim Public Hospital Director 

of Emergency Medicine Services, 

Louisiana State University Health 

Science Center, New Orleans, LA

Daniel J. Egan, MD

 Associate Professor, Department 

of Emergency Medicine, Program 

Director, Emergency Medicine 

Residency, Mount Sinai St. Luke's 

Roosevelt, New York, NY 

Nicholas Genes, MD, PhD

 Assistant Professor, Department of 

Emergency Medicine, Icahn School 

of Medicine at Mount Sinai, New 

York, NY

Michael A. Gibbs, MD, FACEP  

Professor and Chair, Department 

of Emergency Medicine, Carolinas 

Medical Center, University of North 

Carolina School of Medicine, Chapel 

Hill, NC

Steven A. Godwin, MD, FACEP 

Professor and Chair, Department 

of Emergency Medicine, Assistant 

Dean, Simulation Education, 

University of Florida COM-

Jacksonville, Jacksonville, FL

Gregory L. Henry, MD, FACEP  

Clinical Professor, Department of 

Emergency Medicine, University 

of Michigan Medical School; CEO, 

Medical Practice Risk Assessment, 

Inc., Ann Arbor, MI

John M. Howell, MD, FACEP

 Clinical Professor of Emergency 

Medicine, George Washington 

University, Washington, DC; Director 

of Academic Affairs, Best Practices, 

Inc, Inova Fairfax Hospital, Falls 

Church, VA

Shkelzen Hoxhaj, MD, MPH, MBA

 Chief of Emergency Medicine, Baylor 

College of Medicine, Houston, TX

Eric Legome, MD  

Chief of Emergency Medicine, 

King’s County Hospital; Professor of 

Clinical Emergency Medicine, SUNY 

Downstate College of Medicine, 

Brooklyn, NY

 Keith A. Marill, MD  

Research Faculty, Department of 

Emergency Medicine, University 

of Pittsburgh Medical Center, 

Pittsburgh, PA

Charles V. Pollack Jr., MA, MD, 

FACEP  

Professor and Senior Advisor for 

Interdisciplinary Research and 

Clinical Trials, Department of 

Emergency Medicine, Sidney Kimmel 

Medical College of Thomas Jefferson 

University, Philadelphia, PA

Michael S. Radeos, MD, MPH  

Assistant Professor of Emergency 

Medicine, Weill Medical College 

of Cornell University, New York; 

Research Director, Department of 

Emergency Medicine, New York 

Hospital Queens, Flushing, NY

Ali S. Raja, MD, MBA, MPH

 Vice-Chair, Emergency Medicine, 

Massachusetts General Hospital, 

Boston, MA

Robert L. Rogers, MD, FACEP, 

FAAEM, FACP  

Assistant Professor of Emergency 

Medicine, The University of 

Maryland School of Medicine, 

Baltimore, MD

Alfred Sacchetti, MD, FACEP  

Assistant Clinical Professor, 

Department of Emergency Medicine, 

Thomas Jefferson University, 

Philadelphia, PA

Robert Schiller, MD

 Chair, Department of Family Medicine, 

Beth Israel Medical Center; Senior 

Faculty, Family Medicine and 

Community Health, Icahn School of 

Medicine at Mount Sinai, New York, NY

Scott Silvers, MD, FACEP

 Chair, Department of Emergency 

Medicine, Mayo Clinic, Jacksonville, FL

Corey M. Slovis, MD, FACP, FACEP  

Professor and Chair, Department 

of Emergency Medicine, Vanderbilt 

University Medical Center, Nashville, TN

Ron M. Walls, MD  

Professor and Chair, Department of 

Emergency Medicine, Brigham and 

Women's Hospital, Harvard Medical 

School, Boston, MA

Critical Care Editors

William A. Knight IV, MD, FACEP

 Associate Professor of Emergency 

Medicine and Neurosurgery, Medical 

Director, EM Midlevel Provider 

Program, Associate Medical Director, 

Neuroscience ICU, University of 

Cincinnati, Cincinnati, OH

Scott D. Weingart, MD, FCCM

 Associate Professor of Emergency 

Medicine, Director, Division of ED 

Critical Care, Icahn School of Medicine 

at Mount Sinai, New York, NY

Senior Research Editors

James Damilini, PharmD, BCPS

 Clinical Pharmacist, Emergency 

Room, St. Joseph’s Hospital and 

Medical Center, Phoenix, AZ

Joseph D. Toscano, MD  

Chairman, Department of Emergency 

Medicine, San Ramon Regional 

Medical Center, San Ramon, CA

International Editors

Peter Cameron, MD  

Academic Director, The Alfred 

Emergency and Trauma Centre, 

Monash University, Melbourne, 

Australia

Giorgio Carbone, MD

 Chief, Department of Emergency 

Medicine Ospedale Gradenigo, 

Torino, Italy 

Suzanne Y.G. Peeters, MD  

Emergency Medicine Residency 

Director, Haga Teaching Hospital, 

The Hague, The Netherlands

Hugo Peralta, MD  

Chair of Emergency Services, Hospital 

Italiano, Buenos Aires, Argentina

Dhanadol Rojanasarntikul, MD 

 Attending Physician, Emergency 

Medicine, King Chulalongkorn 

Memorial Hospital, Thai Red Cross, 

Thailand; Faculty of Medicine, 

Chulalongkorn University, Thailand

Stephen H. Thomas, MD, MPH

 Professor & Chair, Emergency 

Medicine, Hamad Medical Corp., 

Weill Cornell Medical College, Qatar; 

Emergency Physician-in-Chief, 

Hamad General Hospital, Doha, Qatar

Edin Zelihic, MD

 Head, Department of Emergency 

Medicine, Leopoldina Hospital, 

Schweinfurt, Germany

November 2016
Volume 18, Number 11Authors

John Ashurst, DO, MScDirector of Emergency Medicine Residency Research, Duke Lifepoint Conemaugh Memorial Medical Center, Johnstown, PAShane R. Sergent, DO
Department of Emergency Medicine, Conemaugh Memorial Hospital, Johnstown, PA
Benjamin J. Wagner, DODepartment of Emergency Medicine, Conemaugh Memorial Hospital, Johnstown, PA
Peer Reviewers

Camiron L. Pfennig, MD, MHPEAssociate Professor of Emergency Medicine, University of South Carolina School of Medicine; Emergency Medicine Residency Program Director, Greenville Health System, Greenville, SC 
Corey M. Slovis, MD, FACP, FACEPProfessor and Chair, Department of Emergency Medicine, Vanderbilt University Medical Center, Nashville, TNCME Objectives 
Upon completion of this article, you should be able to:1. Identify the etiology of the depletion of potassium in patients with hypokalemia.
2. Identify and manage the etiology and underlying causes of hyperkalemia.3. Describe the algorithmic management of hypokalemia and hyperkalemia.

Prior to beginning this activity, see “Physician CME Information” on the back page.

Evidence-Based Management 
Of Potassium Disorders In The 
Emergency Department
 Abstract 

Hypokalemia and hyperkalemia are the most common elec-trolyte disorders managed in the emergency department. The diagnosis of these potentially life-threatening disorders is chal-lenging due to the often vague symptomatology a patient may express, and treatment options may be based upon very little data due to the time it may take for laboratory values to return. This review examines the most current evidence with regard to the pathophysiology, diagnosis, and management of potassium disorders. In this review, classic paradigms, such as the use of sodium polystyrene and the routine measurement of serum magnesium, are tested, and an algorithm for the treatment of potassium disorders is discussed. 

Editor-In-Chief
Andy Jagoda, MD, FACEP  

Professor and Chair, Department of Emergency Medicine, Icahn School of Medicine at Mount Sinai, Medical Director, Mount Sinai Hospital, New York, NY

Associate Editor-In-Chief
Kaushal Shah, MD, FACEP  

Associate Professor, Department of Emergency Medicine, Icahn School of Medicine at Mount Sinai, New York, NY 

Editorial Board
Saadia Akhtar, MD  

Associate Professor, Department of Emergency Medicine, Associate Dean for Graduate Medical Education, Program Director, Emergency 
Medicine Residency, Mount Sinai Beth Israel, New York, NY 

William J. Brady, MD  
Professor of Emergency Medicine and Medicine; Chair, Medical 
Emergency Response Committee; Medical Director, Emergency 
Management, University of Virginia Medical Center, Charlottesville, VA 

Calvin A. Brown III, MD
 Director of Physician Compliance, Credentialing and Urgent Care Services, Department of Emergency Medicine, Brigham and Women's Hospital, Boston, MA 

Peter DeBlieux, MD   
Professor of Clinical Medicine, Interim Public Hospital Director of Emergency Medicine Services, Louisiana State University Health Science Center, New Orleans, LA

Daniel J. Egan, MD
 Associate Professor, Department of Emergency Medicine, Program Director, Emergency Medicine 

Residency, Mount Sinai St. Luke's Roosevelt, New York, NY 
Nicholas Genes, MD, PhD
 Assistant Professor, Department of Emergency Medicine, Icahn School of Medicine at Mount Sinai, New York, NY

Michael A. Gibbs, MD, FACEP  Professor and Chair, Department of Emergency Medicine, Carolinas Medical Center, University of North Carolina School of Medicine, Chapel Hill, NC

Steven A. Godwin, MD, FACEP Professor and Chair, Department of Emergency Medicine, Assistant Dean, Simulation Education, 
University of Florida COM-
Jacksonville, Jacksonville, FL

Gregory L. Henry, MD, FACEP  Clinical Professor, Department of Emergency Medicine, University of Michigan Medical School; CEO, Medical Practice Risk Assessment, Inc., Ann Arbor, MI
John M. Howell, MD, FACEP
 Clinical Professor of Emergency Medicine, George Washington University, Washington, DC; Director of Academic Affairs, Best Practices, Inc, Inova Fairfax Hospital, Falls Church, VA

Shkelzen Hoxhaj, MD, MPH, MBA Chief of Emergency Medicine, Baylor College of Medicine, Houston, TX

Eric Legome, MD  
Chief of Emergency Medicine, 
King’s County Hospital; Professor of Clinical Emergency Medicine, SUNY Downstate College of Medicine, Brooklyn, NY

 Keith A. Marill, MD  
Research Faculty, Department of Emergency Medicine, University of Pittsburgh Medical Center, 
Pittsburgh, PA

Charles V. Pollack Jr., MA, MD, 
FACEP  
Professor and Senior Advisor for Interdisciplinary Research and Clinical Trials, Department of 
Emergency Medicine, Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia, PA

Michael S. Radeos, MD, MPH  Associate Professor of Emergency Medicine, Weill Medical College of Cornell University, New York; Research Director, Department of Emergency Medicine, New York Hospital Queens, Flushing, NY
Ali S. Raja, MD, MBA, MPH
 Vice-Chair, Emergency Medicine, Massachusetts General Hospital, Boston, MA

Robert L. Rogers, MD, FACEP, 
FAAEM, FACP  
Assistant Professor of Emergency Medicine, The University of 
Maryland School of Medicine, Baltimore, MD

Alfred Sacchetti, MD, FACEP  
Assistant Clinical Professor, 
Department of Emergency Medicine, Thomas Jefferson University, 
Philadelphia, PA

Robert Schiller, MD
 Chair, Department of Family Medicine, Beth Israel Medical Center; Senior Faculty, Family Medicine and 

Community Health, Icahn School of Medicine at Mount Sinai, New York, NY
Scott Silvers, MD, FACEP
 Chair, Department of Emergency 

Medicine, Mayo Clinic, Jacksonville, FL
Corey M. Slovis, MD, FACP, FACEP  Professor and Chair, Department of Emergency Medicine, Vanderbilt University Medical Center, Nashville, TN
Ron M. Walls, MD  

Professor and Chair, Department of Emergency Medicine, Brigham and Women's Hospital, Harvard Medical School, Boston, MA

Critical Care Editors
William A. Knight IV, MD, FACEP Associate Professor of Emergency Medicine and Neurosurgery, Medical Director, EM Midlevel Provider Program, Associate Medical Director, Neuroscience ICU, University of Cincinnati, Cincinnati, OH

Scott D. Weingart, MD, FCCM Associate Professor of Emergency Medicine, Director, Division of ED Critical Care, Icahn School of Medicine at Mount Sinai, New York, NY

Senior Research Editors
James Damilini, PharmD, BCPS Clinical Pharmacist, Emergency Room, St. Joseph’s Hospital and Medical Center, Phoenix, AZ
Joseph D. Toscano, MD  

Chairman, Department of Emergency Medicine, San Ramon Regional Medical Center, San Ramon, CA

International Editors
Peter Cameron, MD  

Academic Director, The Alfred 
Emergency and Trauma Centre, Monash University, Melbourne, Australia

Giorgio Carbone, MD
 Chief, Department of Emergency Medicine Ospedale Gradenigo, Torino, Italy 
Suzanne Y.G. Peeters, MD  

Emergency Medicine Residency Director, Haga Teaching Hospital, The Hague, The Netherlands
Hugo Peralta, MD  

Chair of Emergency Services, Hospital Italiano, Buenos Aires, Argentina
Dhanadol Rojanasarntikul, MD  Attending Physician, Emergency Medicine, King Chulalongkorn Memorial Hospital, Thai Red Cross, Thailand; Faculty of Medicine, 
Chulalongkorn University, Thailand

Stephen H. Thomas, MD, MPH
 Professor & Chair, Emergency 

Medicine, Hamad Medical Corp., Weill Cornell Medical College, Qatar; Emergency Physician-in-Chief, Hamad General Hospital, Doha, Qatar
Edin Zelihic, MD
 Head, Department of Emergency Medicine, Leopoldina Hospital, Schweinfurt, Germany

http://www.ebmedicine.net/policies
http://www.ebmedicine.net/subscribe
http://www.ebmedicine.net/EMPissues

	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	_ENREF_51
	_ENREF_52
	_ENREF_53
	_ENREF_54
	_ENREF_55
	_ENREF_56
	_ENREF_57
	_ENREF_58
	_ENREF_59
	_ENREF_60
	_ENREF_61
	_ENREF_62
	_ENREF_63
	_ENREF_64
	_ENREF_65
	_ENREF_66
	_ENREF_67
	_ENREF_68
	_ENREF_69
	_ENREF_70
	_ENREF_71
	_ENREF_72
	_ENREF_73
	_ENREF_74
	_ENREF_75
	_ENREF_76
	_ENREF_77
	_ENREF_78
	_ENREF_79
	_ENREF_80
	_ENREF_81
	_ENREF_82
	_ENREF_83
	_ENREF_84
	_ENREF_85
	_ENREF_86
	_ENREF_87
	_ENREF_88
	_ENREF_89
	_ENREF_90
	_ENREF_91
	_ENREF_92
	_ENREF_93
	_ENREF_94
	_ENREF_95
	_ENREF_96
	_ENREF_97
	_ENREF_98
	_ENREF_99
	_ENREF_100
	_ENREF_101
	_ENREF_102
	_ENREF_103
	_ENREF_104
	_ENREF_105
	_ENREF_106
	_ENREF_107
	_ENREF_108
	_ENREF_109
	_ENREF_110
	_ENREF_111
	_ENREF_112
	_ENREF_113
	_ENREF_114
	_ENREF_115
	_ENREF_116
	_ENREF_117
	_ENREF_118
	_ENREF_119
	_ENREF_120
	_ENREF_121
	_ENREF_122
	_ENREF_123
	_ENREF_124
	_ENREF_125
	_ENREF_126
	_ENREF_127
	_ENREF_128
	_ENREF_129
	_ENREF_130
	_ENREF_131
	_ENREF_132
	_ENREF_133
	_ENREF_134
	_ENREF_135
	_ENREF_136
	_ENREF_137
	_ENREF_138
	_ENREF_139
	_ENREF_140
	_ENREF_141
	_ENREF_142
	_ENREF_143
	_ENREF_144
	_ENREF_145
	_ENREF_146
	_ENREF_147
	_ENREF_148
	_ENREF_149
	_ENREF_150
	_ENREF_151
	_ENREF_152
	_ENREF_153
	_ENREF_154

