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Pediatric Rapid Sequence 
Intubation: An In-depth Review

Pediatric advanced airway management is a critical intervention performed 
for ill or injured children in the emergency department (ED). Approximately 
270,000 children require endotracheal intubation in the emergency department 
each year, comprising 0.2% of all ED visits.1 Despite its infrequent occurrence, 
endotracheal intubation is a potentially lifesaving procedure for children with 
respiratory compromise and impending respiratory failure. Factors related to 
pediatric airway anatomy, provider education and training, and the availability of 
the appropriate equipment can significantly affect patient outcomes.

Safe emergent endotracheal intubation can be achieved through the process 
of rapid sequence intubation (RSI), using a sequential approach to preparation, 
sedation, and paralysis prior to intubation.2 RSI must be differentiated from 
rapid sequence induction used by anesthesiologists to induce general anesthe-
sia. RSI is the preferred method of intubation in the ED where most patients 
present with varying levels of consciousness and protective airway reflexes, and 
increased potential for pulmonary aspiration of gastric contents.2,3,4 While there 
are no absolute contraindications to RSI, patients in cardiac arrest and those 
who are comatose without a gag reflex generally do not warrant RSI medications 
prior to intubation.2 Decisions involving the RSI process are impacted not only 
by the individual case at hand, but also by a provider’s stylistic approach. As with 
most things in medicine, practice variation exists and the choices of medications 
will differ depending on the clinical scenario. This chapter serves as a review of 
standard practice in the ED when caring for the pediatric trauma patient who 
requires intubation.

Decision to Intubate
The pediatric trauma patient who is awake, talking or crying, and able to 

maintain his or her own airway can be managed conservatively with supportive 
care (e.g., FiO2 by facemask or nasal cannula). See Table 1 for recommendations 
for emergency endotracheal intubation in trauma patients.

When deciding on the safest and most appropriate technique, factors including 
the risk for secondary cord injury, pediatric specific anatomy, presence of trau-
matic injury, and the provider’s expertise should be considered.6

Patient Preparation
It is necessary for ED clinicians to obtain a quick history prior to decid-

ing which medications are appropriate for pediatric RSI. A simple mnemonic, 
AMPLE serves as a reminder for the hurried clinician: A = allergies & airway 
history, M = medications, P = past medical history, family history, and anesthetic 
history, L = last oral intake, and E = events leading up to the intubation7,8 (See 
Table 2). Before preparing for intubation, a rapid but thorough assessment of 
the patient’s head, neck, neurologic status, airway, and breathing should be 
performed.9 
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Positioning

Airway management in the trauma 
patient is complicated by the poten-
tial for cervical spine injury. A large 
multicenter study involving 17 hos-
pitals across the United States was 
conducted in children < 16 years of 
age to identify risk factors for cervical 
spine injury.10 The study identified 
eight factors associated with cervical 
spine injury in children after blunt 
trauma: altered mental status, focal 
neurologic findings, neck pain, torti-
collis, substantial torso injury, condi-
tions predisposing to cervical spine 
injury, diving, and high-risk motor 
vehicle crash. The authors concluded 
that having one or more risk factors 
was 98% sensitive and 26% specific for 
detecting cervical spine injury. 

Cervical spine injury may be occult 
and present without radiographic 
abnormalities. SCIWORA syndrome 
(spinal cord injury without radio-
logic abnormality) refers to spinal 
injuries in the absence of identifi-
able bony or ligamentous injury 
on plain radiographs or computed 
tomography (CT), though often 
abnormalities may be detected on 
magnetic resonance imaging (MRI). 
SCIWORA occurs most often in the 
pediatric population and accounts 
for up to two-thirds of severe cervi-
cal spine injures in children younger 
than 8 years of age.11 The elasticity 
and increased mobility of the pedi-
atric spine increase the risk of cord 
injury from flexion, extension, and 
transverse forces. Children with spi-
nal cord injuries will often present 
with immediate or transient loss of 
motor function in their arms and/
or legs and variable sensory loss. It 

is important for the ED clinician 
to obtain a detailed injury history, 
including chief complaints and 
physical findings reported from the 
scene, when considering the risk of 
spinal cord injury. Procedures such 
as intubation have the potential to 
exacerbate an undiagnosed, underly-
ing cord injury. Particular attention 
should focus on maintaining cervical 
spine immobilization and minimiz-
ing the risk of secondary injury dur-
ing intubation of a pediatric trauma 
patient.

Providers intubating non-trauma 
pediatric patients are instructed to 
position the patient with the neck 
in mild extension, known as the 
“sniffing” position, to better align 
the oral and pharyngeal axes and 
allow maximal laryngeal visualiza-
tion.9 Ideally, the patient should be 
positioned with the external auditory 
meatus on the same plane as the ster-
nal notch. Because young children 
have a prominent occiput, a towel 
roll placed underneath the shoulders 
will assist with achieving the desired 
position. The larger tongue-to-
oropharynx ratio in children also may 
require a “jaw thrust” or “chin lift” 
maneuver to adequately open the air-
way. Hyperextension of the neck may 
occlude the child’s airway and should 
be avoided. 

Positioning the pediatric trauma 
patient is more challenging and 
efforts should focus on maintaining 
in-line cervical spine immobilization 
at all times. The “sniffing” position 
is preferred in non-trauma patients, 
but it extends the occiput at the atlas 
and should be avoided in patients 
with known or suspected C1/C2 

 z Preoxygenation allows oxygen to replace nitrogen in  
the lungs, permitting longer periods of apnea before 
hypoxemia occurs.

 z Intubation has the potential to exacerbate an undiag-
nosed, underlying spinal cord injury. Attention should 
focus on maintaining cervical spine immobilization  
during intubation.

 z Manual manipulation of the neck for the purpose of 
positioning prior to intubation (e.g., the “sniffing” posi-
tion or hyperextension of the neck and “jaw thrust” and 
“chin lift” maneuvers) can be associated with increased 
risk for secondary cervical spine injury and should be 
avoided in pediatric trauma patients.

 z The recent PALS updates recommend the use of cuffed 
endotracheal tubes, except in the newborn period. 

Executive Summary

Table 2. History Prior to 
RSI

A: Allergies and airway history
M: Medications
P: Past medical history, family 

history, and anesthetic history
L: Last oral intake
E: Events leading up to intubation

Table 1. Emergency 
Endotracheal Intubation 
Recommendations for 
Trauma Patients

1. Trauma patients with the 
following clinical findings:5

• Airway obstruction
• Hypoventilation
• Severe hypoxemia despite 

supplemental oxygen
• Severe cognitive impairment 

(GCS < 8)
• Cardiac arrest
• Severe hemorrhagic shock

2. Smoke inhalation patients with 
the following conditions:5

• Airway obstruction
• Severe cognitive impairment 

(GCS < 8) 
• Major cutaneous burn (> 40% 

body surface area)
• Prolonged transport time
• Impending airway obstruction

 - Moderate-to-severe facial 
burn

 - Moderate-to-severe 
oropharyngeal burn

 - Moderate-to-severe airway 
injury seen on endoscopy
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injuries.12-14 The “jaw thrust” and 
“chin lift” maneuvers have also been 
shown to cause spine distraction in 
cases of lower cervical spine instabil-
ity not mitigated by rigid collar use.12-

14 During intubation, the anterior 
portion of the cervical collar can be 
opened to allow for adequate jaw 
mobilization and laryngeal visualiza-
tion. A second provider should use 
two hands to ensure cervical spine 
stability during the entire intubation 
process. Finally, the patient should be 
positioned as close to the head of the 
bed as possible and the bed should 
be elevated to above the waist level 
of the person intubating to facilitate 
correct visualization.

Preoxygenation
Preoxygenation is an essential prep-

aration phase prior to pediatric RSI 
to achieve maximal pre-intubation 
oxygen saturation. Many children 
who require intubation are hypoxic 
or have impeding respiratory fail-
ure and very poor oxygen reserves. 
Children also have a higher oxygen 
consumption rate with a lower func-
tional residual capacity and alveolar 
volume compared to adults, making 
them more susceptible to precipitous 
decline in oxygen saturation, particu-
larly during intubation.2,15

The goals of preoxygenation are to 
achieve 100% oxygen saturation prior 
to intubating, to maximize oxygen 
stores in the lungs and bloodstream, 
as well as to denitrogenate the resid-
ual capacity of the lungs. The replace-
ment of nitrogen in the lungs permits 
longer periods of apnea without 
consequential hypoxemia. Two min-
utes of administering 100% oxygen 
to a spontaneously breathing child 
will wash out approximately 95% of 
alveolar nitrogen.2,9 Application of 
100% oxygen at 15 L/minute via 
a nonrebreather mask for at least 3 
minutes maximizes the oxygen reser-
voir in the alveoli and the rest of the 
body.16 In the adult literature, high 
flow nasal cannula (HFNC) at 5-15 
L/minute and basic nasal cannula at 
< 5 L/minute have also been used 
to facilitate preoxygenation during 
the apneic period prior to intubation. 
Some studies report success with 

HFNC preventing significant desatu-
rations below 90% by offering a 
safety buffer during periods of apnea 
and hypoventilation.16,17 Additional 
research is needed to adequately eval-
uate the efficacy of this intervention 
in critically ill pediatric patients.

Noninvasive positive pressure ven-
tilation (e.g., bag-mask ventilation) 
is reserved for patients who cannot 
achieve acceptable oxygen satura-
tion due to inadequate ventilation or 
advanced lower airspace disease.2,8,16,18 
Caution should be taken when 
administering positive pressure ven-
tilation (PPV) via manual bag-mask 
ventilation as a means of preoxygen-
ation because of gastric insufflation 
and the risk of emesis and aspiration. 
When bag-mask ventilation is neces-
sary, steps should be taken to ensure 
adequate ventilation. First, clear 
the child’s airway of blood, secre-
tions, or debris. Significant mouth 
and facial trauma can inhibit a good 
mask-to-face seal and negatively 
affect adequate chest rise. Choose 
an appropriately sized mask that fits 
over the nose and extends down to 
the anterior bony aspect of the chin, 
completely encircling the mouth and 
nose. Oropharyngeal airways (OPA) 
can be used in a child without a gag/
swallow reflex to help maintain a pat-
ent airway by positioning the tongue 
anteriorly and relieving posterior pha-
ryngeal obstruction. The correct size 
OPA is measured from the middle 
of the patient’s mouth to the angle 
of the jaw. An OPA that is too small 
can force the tongue back into the 
pharynx, causing airway obstruction 
and occlusion of the glottic open-
ing. One that is too large may cause 
pharyngeal trauma and blood in the 
airway. The most accepted method 
for insertion in a trauma patient 
involves using a tongue depressor or 
manually holding the tongue forward 
while inserting the OPA right side 
up. The child- (500 mL) or adult- 
(1600 mL) sized self-inflating bags 
with an oxygen reservoir can be used 
to deliver adequate tidal volumes and 
close to 100% FiO2 to all patients 
including infants. Most self-inflating 
bag systems are fitted with a pressure 
relief valve (also called a “pop-up 

valve”) for the purpose of prevent-
ing accidental over-pressurization of 
the lungs. The typical pressure cutoff 
is 30-35 cm H2O pressure, but a 
bypass clip can be used in cases where 
there is a need for higher pressures to 
maintain adequate ventilation. 

Cricoid Pressure and 
External Laryngeal 
Manipulation

The use of cricoid pressure, often 
referred to as the Sellick maneuver, 
during intubation is controversial. 
Currently, there is insufficient evi-
dence to recommend the use of 
routine cricoid pressure to prevent 
aspiration during endotracheal intu-
bation in children.2,7,9 Using the 
thumb and index or middle finger, 
pressure is applied posteriorly over 
the cricoid cartilage to compress the 
esophagus once the patient is uncon-
scious. Manipulation of the trachea 
on the esophagus by this maneuver 
should be used with caution. When 
performed incorrectly, cricoid pres-
sure may interfere with direct visu-
alization of the larynx and in rare, 
severe cases, may result in esophageal 
rupture if applied in patients with 
active vomiting.7 

External laryngeal manipulation 
(ELM) is another airway maneuver 
employed to facilitate laryngeal view 
during direct laryngoscopy.19 A tech-
nique called the “BURP” maneuver 
is one method of ELM used to better 
visualize the glottis during difficult 
intubations. This acronym guides the 
intubator to move the larynx poste-
riorly toward the cervical vertebrae 
(backwards), superiorly (upwards), 
and laterally to the right (rightward 
pressure) during laryngoscopy.20,21 
Pediatric and trauma-specific studies 
using ELM are lacking. One pediatric 
simulation study showed no difference 
in success rate using this technique.21 
Cricoid pressure and ELM should be 
used with caution after a thorough 
evaluation of the risks and benefits to 
the pediatric trauma patient.

Equipment Preparation
When preparing for successful 

RSI, all necessary monitors, equip-
ment, personnel, and medications 
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should be assembled. A helpful 
mnemonic to aid with preparation is 
SOAPME: [S]uction with a Yankauer 
tip, [O]xygen, [A]irway equipment 
(uncuffed endotracheal tube [ETT] 
size = 4 + [age/4], use 0.5 smaller 
for a cuffed ETT, See Table 3,  
[P]harmacologic agents and  
[M]onitoring [E]quipment, includ-
ing pulse oximetry and ETCO2 
monitoring.2 Guidelines for sizing 
laryngoscope blade and ETTs are 
based on the patient’s age (See Table 
4). 

Conventional teaching instructs 
clinicians to use uncuffed ETTs in 
children < 8 years of age; however, 
current research confirms the safe 
use of cuffed tubes in all infants and 
pediatric patients except in the new-
born period.22-24 In younger children 
and infants, the subglottic area is the 
narrowest part of the pediatric airway 
and creates an anatomical seal around 
the ETT at that level. Care should 
be taken to not place an uncuffed 
ETT that is too large, as it can cause 
mucosal injury from excessive pres-
sure. Caution with using cuffed tubes 
in young children has focused on the 
potential for causing increased airway 
resistance, laryngeal mucosal injury, 
and subsequent development of sub-
glottic stenosis. Current cuffed ETTs 
are equipped with low-pressure, 
high-volume cuffs that provide a safer 
tracheal seal by using lower inflation 
pressures, allow pressure adjustments 
in the seal to be made over time, and 
decrease the potential risk of gastric 
aspiration. Cuffed ETTs also facili-
tate more accurate control of posi-
tive pressure ventilation because of 
smaller air leaks. A prospective cohort 
study of 597 children younger than 5 
years of age demonstrated no signifi-
cant difference between cuffed and 
uncuffed ETT in the incidence of 

post-extubation subglottic edema.22 
Similarly, a randomized control trial 
of 2246 children younger than 5 
years of age showed that cuffed ETTs 
did not increase the risk of post-
extubation stridor.23 Regardless of 
whether an uncuffed or cuffed ETT 
is used, it is important that clinicians 
use the correct sized ETT to avoid 
complications such as airway trauma 
and mucosal ulceration.24

Premedications — 
Adjuncts

Atropine. Infants and chil-
dren can experience bradycardia 
during intubation secondary to 
hypoxia, vagal nerve stimulation, 
and effects of medications such as 

succinylcholine.25,26 Atropine is a 
nonspecific antagonist of acetyl-
choline at the muscarinic receptor 
and prevents reflex bradycardia by 
inhibiting vagal stimulation of the 
sinoatrial node. In one retrospective 
cohort study, approximately 10% of 
emergency intubations were associ-
ated with bradycardia (indicated by 
a pulse of < 80 beats per minute for 
children younger than 2 years and 
< 60 beats per minute for children 
older than 2 years).27 The efficacy of 
atropine in preventing bradycardia 
associated with intubation has been 
questioned in recent studies.27,28 The 
use of atropine, however, as adjunc-
tive therapy is encouraged for the 
following situations: 1) all patients < 

Table 4. RSI Equipment RecommendationsTable 3. Equipment 
Preparation

S: Suction with a Yankauer tip
O: Oxygen
A: Airway equipment
P: Pharmacologic agents
ME: Monitoring Equipment

Age Blade Type and Size ETT Size
Newborn Miller 0 or 1 2.5-3.5

3-9 months Miller 1 or Wis-Hipple 1.5 3.5-4.0

1 year Miller 1 or Wis-Hipple 1.5 4.0-4.5

2-3 years Miller 1 or 2 or Wis-Hipple 1.5 4.0-4.5

4 years Miller 2 or Macintosh 2 4.0-5.0

5-6 years Miller 2 or Macintosh 2 4.5-5.0

7-8 years Miller 2 or Macintosh 2 4.5-5.5

9-10 years Miller 3 or Macintosh 3 6.0-7.0

11-12 years Miller 3 or Macintosh 3 6.5-7.5

>13 years Miller 3 or Macintosh 3 7.0-8.0
* Note: Either a Miller or Wis-Hipple (straight blades) or Macintosh (curved blade) 
may be used during intubation. The epiglottis is relatively long, narrow, anteriorly 
angled, and more flexible in younger children making it often helpful to gently 
lift the epiglottis out of the way with use of a straight blade. The curved blade is 
used by inserting the tip of the blade into the vallecula and applying traction on 
the stiffer, older child’s hyoepiglottic ligament to retract the epiglottis providing 
better visualization of the larynx. While both straight and curved blades can be 
successfully used in children, the most important factor is the operator’s comfort 
with the device. 

Endotracheal Tube Size
• Uncuffed Endotracheal Tube Size

 - Tube size (mm in diameter) = 4 + (age in years/4)
 - Have estimated tube size available, as well as 0.5 mm smaller and 

0.5 mm larger
• Cuffed Endotracheal Tube Size

 - Tube size (mm in diameter) = 3+ (age in years/4)
• Most reliable estimation based on a child’s body length 
• Length-based resuscitation tapes are helpful for children up to 

approximately 35 kg



www.ahcmedia.com                                                                                                                              Pediatric Emergency Medicine Reports / May 2014           53

1 year of age, 2) children < 5 years of 
age receiving succinylcholine, 3) ado-
lescents receiving a second dose of 
succinylcholine, and 4) patients who 
are experiencing bradycardia prior to 
intubation.25-29

Potential adverse effects include 
sinus tachycardia, mydriasis, xero-
stomia, decreased micturition, and 
hyperthermia.26 It is advised to do 
a pupillary exam, especially for the 
pediatric trauma patient, before giv-
ing atropine because mydriasis can 
persist for hours after a single dose of 
atropine.

When administered, atropine 
should be given 1-2 minutes prior to 
any sedative or paralytic agent. The 
recommended dose is 0.02 mg/kg 
(minimum 0.1 mg, maximum 0.5 
mg child, 1 mg adolescent).2 Doses 
< 0.1 mg have been associated with 
paradoxical bradycardia. Weight-
based dosing in low-birth weight and 
premature newborns may be less than 
the recommended minimum dose of 
0.1 mg per dose. Consultation with a 
neonatologist is recommended when 
using atropine in this population.

Lidocaine. Lidocaine is used as 
an adjunct to pediatric RSI for the 
purpose of attenuating the increase 
in intracranial pressure (ICP) associ-
ated with laryngoscopy and intu-
bation. Its mechanism of action is 
thought to include cough reflex 
suppression, brain stem depression, 
and decreased cerebral metabolism.4 
Providers should be aware of lido-
caine’s potential for exacerbating 
hypotension and must be prepared 
to treat this complication early and 
appropriately, especially in trauma 
patients. Pediatric studies regarding 
the efficacy of the use of lidocaine 
are conflicting and its addition to the 
RSI algorithm should be examined 
on a case-by-case basis.4,7,9,18,30,31 

The recommended lidocaine dose 
for pediatric RSI is 1.5 mg/kg IV 
administered 2-3 minutes prior to 
intubation.2

Sedatives and Analgesics
Several factors should be consid-

ered when selecting the appropri-
ate sedative and analgesic agents to 
use for ED-initiated RSI. Practice 

variation in choices of sedative agents 
is to be expected. Hospital settings 
differ in medication availability and 
provider comfort and experience 
using the different agents. Minimal 
adverse side effects are tolerable as 
long as the medications are easy to 
administer, rapid in onset, and have a 
high therapeutic index with few drug 
interactions.

Etomidate. Etomidate has become 
a popular sedative in pediatric intuba-
tions in the ED because of its rapid 
onset of action (5-15 seconds), short 
duration of sedation (5-14 minutes), 
and minimal cardiovascular side 
effects.31-35 The use of etomidate is 
favored for children with unstable 
cardiovascular status because of its 
minimal effects on mean arterial 
pressure. It is also commonly used in 
trauma patients who have sustained 
head or ocular injury because it 
induces a transient decrease in intra-
cranial and intraocular pressures.

Several recent studies have evalu-
ated the efficacy and safety of etomi-
date in pediatric RSI. One prospective 
observational study of 77 pediatric 
patients demonstrated successful 
first attempt intubations in 65.8% 
of patients using an etomidate dose 
of 0.3mg/kg IV.34 Another study of 
105 pediatric patients younger than 
10 years reported minimal cardio-
vascular side effects with etomidate 
at 0.3 mg/kg dosing without the 
adverse effects of adrenal suppres-
sion, myoclonus, status epilepticus, 
or new-onset seizures.33 More recent 
studies have questioned the safety 
profile of even a single dose of etomi-
date for RSI. A major consideration 
in the use of etomidate is the dose-
dependent, reversible inhibition of 
adrenocortical activity leading to 
decreased cortisol production for up 
to 15 hours.7,32 Etomidate blocks the 
enzyme 11-ß-hydroxylase, which is 
involved in adrenal steroid produc-
tion. One randomized controlled 
study of etomidate use in adult 
trauma patients36 and one systematic 
review of elective surgical patients37 
confirmed a significant difference in 
cortisol levels after etomidate admin-
istration. Data on patient specific 
outcomes remains conflicting. The 

above referenced systematic review 
of elective surgical patients37 and 
another observational study involving 
adults with sepsis38 showed no statisti-
cally significant increase in mortality 
or hospital length of stay associated 
with etomidate use. On the contrary, 
one adult trauma study36 and another 
study involving non-cardiac surgi-
cal patients39 reported significant 
increases in cardiovascular morbidity, 
number of ventilator days, lengths 
of ICU and hospital stay, and risk 
for 30-day mortality associated with 
etomidate use.

Additional potential adverse 
effects include myoclonic activity, 
such as coughing or hiccupping, 
and decreased seizure threshold 
in patients with known seizure 
disorders.28 

The recommended RSI dose range 
for etomidate is 0.2 to 0.4 mg/kg 
IV with clinical recovery in 10 to 15 
minutes.29,40

Ketamine. Ketamine is a dissocia-
tive sedative-analgesic derived from 
phencyclidine (PCP). Patients given 
ketamine characteristically exhibit 
a trance-like state with open eyes, a 
slow nystagmic gaze, and occasional 
mild respiratory depression despite 
preserved airway reflexes.7 It is the 
favored agent for patients with respi-
ratory failure secondary to severe 
bronchospasm and asthma because of 
its bronchodilatory effects on respira-
tory smooth muscles. An additional 
side effect of ketamine is the sympa-
thomimetic stimulation of the cardio-
vascular system leading to transient 
increases in heart rate, blood pres-
sure, and cardiac output. 

While ketamine may help the car-
diovascular status of patients with 
signs of shock, it is often avoided in 
patients with increased ICP, eye inju-
ries, and uncontrolled hypertension 
because of the concern for exacerbat-
ing these conditions. The original 
recommendations for caution in 
these patients was based on early data 
from patients with non-traumatic 
intracranial lesions leading to cerebral 
spinal fluid (CSF) outflow obstruc-
tion and resultant increased ICP.41 
More recent evidence shows ICP to 
remain normal (i.e., < 10 mmHg), 
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with associated increases in mean 
arterial pressure (MAP) and cerebral 
perfusion pressure (CPP) after ket-
amine use in healthy patients.20,41,42,43 
Additional research suggests that in 
acute head trauma, the compensa-
tory mechanisms of CSF flow and 
venous circulation remain intact, 
and therefore increases in cerebral 
blood volume (CBV) associated with 
ketamine do not lead to increased 
ICP.41,42 Further research comparing 
ketamine to alternate RSI induction 
agents is necessary to substantiate its 
use in patients with head trauma.

Additional relative contraindi-
cations to ketamine use include 
thyrotoxicosis and major depres-
sive disorders because of an emer-
gence phenomenon that can be 
associated with visual and auditory 
hallucinations.7 

The recommended RSI dose 
for ketamine is 1.5-2 mg/kg IV 
with clinical recovery within 10-15 
minutes.2

Propofol. Propofol is a lipophilic 
sedative-hypnotic that produces gen-
eral anesthesia.2 It has a very rapid 
onset (10 to 20 seconds) and short 
duration of action (10 to 15 min-
utes).40,44 Propofol use is associated 
with vasodilation, decreases in MAP 
and ICP, and myocardial depression. 
Its use in RSI should be reserved 
for hemodynamically stable patients 
without evidence of hypotension.

Propofol use can be beneficial 
when intubating patients with refrac-
tory status epilepticus.45,46 When 
given as a bolus dose, propofol sup-
presses seizure activity by acting as a 
gamma-aminobutyric acid (GABA) 
A-agonist.45 At high doses, propo-
fol functions as a general anesthetic 
agent, and physicians must be pre-
pared to intubate patients with status 
epilepticus to protect their airway.

Propofol contains egg lecithin and 
soybean oil and therefore is unsafe 
to use in patients with allergies to 
eggs and/or soybeans. When given 
in high doses for a prolonged period 
of time, propofol may be associated 
with a condition known as propofol 
infusion syndrome (PIS).47,48 This 
syndrome is characterized by severe 

lactic acidosis, rhabdomyolysis, acute 
renal failure, hyperlipidemia, recalci-
trant myocardial failure, hypotension, 
bradycardia, and death.47,48 Proposed 
risk factors for developing PIS 
include head injury, airway infection, 
young age (< 18 years of age), low 
carbohydrate intake/high fat intake, 
inborn errors of fatty acid oxidation, 
high doses of propofol for more than 
48 hours, and combined use of cat-
echolamine vasopressors and/or glu-
cocorticoids.47,48 Serum lactate and 
creatine phosphokinase levels should 
be monitored closely during propofol 
infusions.

The recommended RSI dose range 
for propofol is 1.5-3 mg/kg IV with 
clinical recovery in 10 minutes.2 
Higher doses, such as 3-5 mg/kg IV 
followed by 1-15 mg/kg/hr con-
tinuous infusion, may be required for 
cessation of refractory seizure activity.

Midazolam. Midazolam is a rapid-
acting benzodiazepine with amnes-
tic, anxiolytic, and anticonvulsant 
properties. Midazolam is the sedative 
agent of choice for hemodynamically 
stable patients presenting with status 
epilepticus because of its potent anti-
convulsant effects.2,30,40 Side effects 
of midazolam include respiratory 
depression with associated apnea, 
myocardial depression, and hypo-
tension secondary to a dose-related 
decrease in systemic vascular resis-
tance (SVR). Because of the potential 
for significant cardiovascular side 
effects, it should be avoided in hemo-
dynamically unstable patients. 

The recommended RSI dose for 
midazolam is 0.1-0.2 mg/kg IV with 
clinical recovery in 30-60 minutes.2

Thiopental. Thiopental is a short-
acting barbiturate sedative with a 
short onset of action (10-20 sec-
onds) and duration of action (5-10 
minutes). Thiopental does not have 
analgesic effects, so it should be used 
in conjunction with an analgesic. 
Associated side effects of thiopental 
include decreases in ICP and cerebral 
oxygen consumption, which make its 
use favorable in patients with head 
trauma or intracranial infections. 
Significant adverse effects include 
profound hypotension, myocardial 

depression, and bronchospasm from 
histamine release. Thiopental should 
be avoided in patients with cardio-
vascular instability and in those with 
asthma. 

The recommended RSI dose for 
thiopental is 2-5 mg/kg IV.2 

Narcotics. Narcotics, such as fen-
tanyl and morphine, may be used 
as sedative agents for RSI. They 
provide both anesthesia and anal-
gesia while decreasing sympathetic 
tone and therefore are good agents 
for patients exhibiting pain prior to 
intubation. Compared with mor-
phine, fentanyl is more lipophilic, 
causing a faster onset (1-2 minutes) 
and shorter duration (approximately 
30 minutes) of action. Fentanyl also 
causes less histamine release but can 
be associated with chest wall rigid-
ity and ventilation difficulties when 
rapidly infused. Morphine has a 
longer onset of action (3-5 minutes) 
and longer duration of action (4-6 
hours). Histamine release associated 
with morphine may cause significant 
pruritus. The large doses of both 
medications often required to achieve 
significant sedation and analgesia 
can lead to prolonged sedation, a 
decrease in SVR, and hypotension.2,40 

The recommended RSI dose for 
fentanyl is 2-4 mcg/kg IV and mor-
phine is 0.1-0.2 mg/kg IV.29

See Table 5 for a summary of RSI 
medications.

Neuromuscular Blocking 
(Paralytic) Agents

Neuromuscular blocking agents 
provide muscle paralysis to facilitate 
endotracheal intubation. They should 
be used in conjunction with a preced-
ing sedative to achieve full RSI effect.

There are two main classes of neu-
romuscular blocking agents: depolar-
izing and non-depolarizing. Both 
induce motor paralysis by inhibiting 
acetylcholine stimulation of nico-
tinic receptors at the neuromuscular 
junction.

Depolarizing Agents
Succinylcholine. Succinylcholine 

is a commonly used paralytic agent 
in pediatric RSI. Its benefits include 
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an extremely fast onset (< 1 minute) 
and a short duration of action (4-6 
minutes).2,7,49 It is most often used 
in previously healthy children and in 
cases where brief, transient paralysis is 
preferred such as known or suspected 
difficult intubations. 

There are potential significant 
adverse effects associated with suc-
cinylcholine use. Administration 
of this drug may cause bradycardia 
and, in extreme cases, asystole with 
repeat doses. For these reasons, atro-
pine is typically recommended as an 
adjunct in pre-medicating children < 
5 years of age or adolescents receiv-
ing a second dose of succinylcholine. 
Succinylcholine is absolutely contra-
indicated in children with underlying 
muscular dystrophy because it inter-
acts with the unstable muscle mem-
branes leading to severe, prolonged 
rhabdomyolysis and life-threatening 
hyperkalemia. Succinylcholine can 
also cause significant hyperkalemia 
and should be avoided in the setting 
of malignant hyperthermia, large 
body surface area burns, multisys-
tem trauma, and traumatic spinal 
cord and other denervating injuries. 
Caution with succinylcholine use in 
multisystem injured patients stems 
from the proposed upregulation of 

skeletal muscle acetylcholine recep-
tors that occurs approximately 2-3 
days after injury.2,50 In this situation, 
when depolarized, there is an even 
larger efflux of potassium leading to 
extremely elevated serum potassium 
levels and myocardial dysfunction.2,50 
Succinylcholine may also lead to an 
increase in ICP and intraocular pres-
sure and should be used with caution 
in patients with intracranial injuries, 
brain tumors, and penetrating eye 
trauma.2,44

It is important to note that defas-
ciculation and priming are no longer 
recommended when using succinyl-
choline due to increased medication 
errors associated with this practice.2

The recommended dose for RSI is 
2 mg/kg IV in infants and younger 
children. In older children, the dose 
is 1 mg/kg IV, similar to adults. The 
age-related dosing difference stems 
from the fact that succinylcholine is 
distributed in the extracellular fluid, 
and younger children tend to have 
increased extracellular water com-
pared to older children.2

Nondepolarizing Agents
Rocuronium. Rocuronium is a 

non-depolarizing neuromuscular 
blocking agent that induces muscle 

paralysis by competing with the 
nicotinic cholinergic receptor. It has 
a rapid onset of action (< 1 minute) 
and can last up to 45 minutes. It is 
recommended in patients with abso-
lute contraindications to succinylcho-
line such as muscular dystrophy and/
or malignant hyperthermia.

Rare adverse effects include tachy-
cardia and hypertension.32 

The recommended dose for pediat-
ric RSI is 1 mg/kg IV.2

Vecuronium. Vecuronium is an 
alternative nondepolarizing agent 
that has a longer onset of action (90-
120 seconds) and duration of action 
(20-60 minutes). Caution should be 
taken when using this agent in cases 
where endotracheal intubation may 
be difficult and prolonged paralysis 
contraindicated. 

Rare adverse effects include 
hypersensitivity reactions, including 
anaphylaxis.2 

The recommended dose for pediat-
ric RSI is 0.15-0.3 mg/kg IV.2

Pancuronium. Pancuronium is a 
longer-acting nondepolarizing agent 
with a much slower onset (2-5 min-
utes) and long duration of action 
(120-150 minutes). It is primarily 
used for maintenance of paralysis 
after initial RSI. Significant side 

Table 5. Summary of RSI Medications

Medication Drug Class Onset Duration IV Dose Side effects
Atropine Adjunct 30 min Up to 4 hr 0.02 mg/kg  ↑ HR, Mydriasis 
    (max 1 mg,  
    min 0.1 mg)

Lidocaine Adjunct 3 min  1.5 mg/kg ↓ BP

Etomidate Sedative-analgesic 5-15 sec 5-15 min 0.2-0.4 mg/kg Adrenal suppression

Ketamine Sedative-analgesic < 2 min 10-15 min 1.5-2 mg/kg Bronchodilation

Propofol Sedative-analgesic 10-20 sec 10-15 min 1.5-3 mg/kg Lactic acidosis

Midazolam Sedative 1-5 min 30-60 min 0.1-0.2 mg/kg Anticonvulsant, ↓ RR, ↓ BP

Thiopental Sedative 10-20 sec 5-10 min 2-5 mg/kg Bronchospasm, ↓ BP

Fentanyl Analgesic 1-2 min 30 min 2-4 mcg/kg Analgesia, ↓ BP

Morphine Analgesic 3-5 min 4-6 hr 0.1-0.2 mg/kg Analgesia, ↓ BP

Succinylcholine Paralytic < 1 min 4-6 min 1-2 mg/kg Rhabdomyolysis, ↓ HR

Rocuronium Paralytic < 1 min 45 min 1 mg/kg ↑ HR, ↑ BP

Vecuronium Paralytic 90-120 sec 20-60 min 0.15-0.3 mg/kg anaphylaxis

Pancuronium Paralytic 2-5 min 120-150 min 0.1-0.15 mg/kg ↑ HR, ↑ BP
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effects include a profound vagolytic 
effect leading to increased heart rate, 
blood pressure, and cardiac output.2

The recommended dose is 0.1 
mg/kg IV for infants and 0.15 mg/
kg IV for children.2

Confirmation of 
Endotracheal Intubation

Upon successful endotracheal intu-
bation, the ETT should be secured 
and proper positioning confirmed. 
Appropriate ETT depth (cm from the 
upper lip) can be calculated by using 
the equation: ETT depth (cm) at the 
lips = 3 × ETT size (mm). Breath 
sounds should be auscultated at 
bilateral axillary areas and adequate, 
symmetric chest rise confirmed dur-
ing bag insufflation. End-tidal CO2 
monitoring should be used post-intu-
bation and measurable CO2 return 
confirmed. This can be achieved as 
a one-time immediate confirmation 
using a colorimetric device or contin-
uously with mainstream monitoring 
directly from the ETT, the preferred 
method. Lastly, a chest radiograph 
should be obtained to confirm proper 
ETT position. Documentation of 
vital signs, including temperature, 
heart rate, blood pressure, pulse 
oximetry, and end-tidal CO2 level 
and airway reassessments are recom-
mended every 5 minutes. 

Complications of 
Endotracheal Intubation

Complications of pediatric intuba-
tions occur more frequently than in 
their adult counterparts7 (See Table 
6). The frequency of complications 
associated with endotracheal intuba-
tion in pediatric patients outside the 
operating room has been estimated 
to range between 15-38%.28 A ret-
rospective observational study using 
video review of pediatric intubations 
suggested that complications associ-
ated with pediatric RSI may be more 
prevalent than previously reported.51 
Sixty-one percent of their intuba-
tions (70/114) were associated with 
at least one adverse event. The most 
common complications were oxygen 
desaturation, right mainstem intu-
bation, and esophageal intubation. 
Two intubations were associated with 

physiologic deterioration requiring 
cardiopulmonary resuscitation.

Anatomic characteristics of the 
pediatric head, neck and airway may 
pose challenges to the ED clinician 
caring for the pediatric patient and 
contribute to potential complica-
tions.9,15,27 Children have propor-
tionally larger heads and occipital 
prominences, causing passive anterior 
neck flexion and airway obstruc-
tion when lying supine. Their larger 
tongue to oropharynx ratio offers less 
visualization during intubation. The 
epiglottis in children is long, floppy, 
narrow, and more anteriorly located 
in the larynx, making visualization of 
the cords more difficult. The trachea 
in children is also shorter, narrower, 
and more anteriorly positioned, 
increasing the risk of right mainstem 
intubation. Complications during 
endotracheal intubation can be quite 
frightening even to the experienced 
clinician. Patient-related complica-
tions include oxygen desaturation, 
emesis, aspiration, laryngospasm, and 
trismus. Technical and intubator-
related problems involve cuff leaks, 
equipment failure, medication dosage 
errors, dental and lip trauma, vocal 
cord avulsion, esophageal intuba-
tion, mainstem intubation, and tube 
dislodgement. Patients may develop 
dysrhythmias, hypotension, pneu-
mothorax, bleeding and even cardiac 
arrest during endotracheal intuba-
tion. ED providers should anticipate 
potential complications and be pre-
pared to manage them.3,52,53 

Video Laryngoscopy
Video laryngoscopy is becom-

ing a popular tool to aid clinicians 
with RSI in both pre-hospital and 
hospital settings. Most video laryn-
goscopy units allow for both direct 
and indirect (projected on a video 
monitor) visualization of the glottis 
during intubation. Monitor viewing 
allows for shared situational aware-
ness and enhances bedside teach-
ing when the intubator is a trainee. 
Blade sizes and choices are similar to 
conventional laryngoscopy blades; 
however, there are some (e.g., angu-
lated blade, anatomically shaped 
blade with guide channel) that are 

specific to videolaryngoscopy with 
which the intubator should become 
familiar. One video laryngoscopy 
specific blade, the angulated blade, 
must be placed in the middle of the 
oropharynx without tongue displace-
ment to view the vallecula. Providers 
then insert the ETT around the 
device during intubation. Another 
video specific blade, the anatomically 
shaped blade with guide channel, 
functions similarly to the angulated 
blade, but the ETT is preloaded into 
the guide channel and providers 
look for the vocal cords in the pos-
terior aspect of the epiglottis during 
intubation. 

Studies evaluating video laryngos-
copy in non-trauma pediatric, adult, 
and simulated patients have shown 
video laryngoscopy to improve 
visualization of the larynx, facilitate 
successful intubations, and provide 
rescue capabilities with difficult intu-
bations.54-59 Benefits of video laryn-
goscopy over direct laryngoscopy in 
trauma patients remain controversial 
and studies evaluating patient out-
comes are rare. Two studies involv-
ing adult trauma patients reported 

Table 6. Complications 
with Endotracheal 
Intubation

Immediate problems
• Oxygen desaturation
• Emesis
• Aspiration
• Laryngospasm
• Oral trauma/bleeding
• Trismus
• Esophageal intubation
• Mainstem intubation
• Vocal cord injury/avulsion

Technical problems
• Cuff leak
• Medication dosage errors
• Equipment failure
• Tube dislodgement

Other
• Dysrhythmias
• Hypotension
• Pneumothorax
• Cardiac arrest



www.ahcmedia.com                                                                                                                              Pediatric Emergency Medicine Reports / May 2014           57

Figure 1. Algorithm
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improved visualization of the tracheal 
entrance with reduced cervical spine 
movement using video laryngoscopy 
compared to direct laryngoscopy.60,61 
A recent randomized controlled trial 
involving 623 adult trauma patients 
showed videolaryngoscopy by 
GlideScope to be associated with lon-
ger intubation times, but no differ-
ence in survival to hospital discharge 
among all patients studied.62 In a 
small cohort of patients with severe 
head injuries in the same study, how-
ever, GlideScope laryngoscopy was 
associated with a greater incidence 
of hypoxia to ≤ 80% and a higher 
mortality rate.62 Pediatric studies in 
trauma patients requiring intuba-
tion are few and results to date are 
similar to findings in adult studies. 
One study of 23 pediatric patients 
undergoing elective surgical proce-
dures compared GlideScope to direct 
laryngoscopy with manual cervical 
spine immobilization to mimic condi-
tions similar to trauma intubations.63 
Laryngoscopy with GlideScope 
resulted in significantly decreased 
views to the glottis entrance as mea-
sured by glottic opening score and 
time to best view.63 Further evalua-
tion of the efficacy and safety of video 
laryngoscopy, whether GlideScope 
or other video modalities, is needed 
in pediatric trauma patients to help 
guide the practice of intubation in 
scenarios requiring cervical spine 
immobilization. 

Since there are no paradigms in 
place to guide the use of video laryn-
goscopy, providers must decide on a 
case-by-case basis whether to employ 
these devices when intubating in the 
ED setting.

Summary
Numerous studies confirm the 

safety and efficacy of pediatric RSI 
in the ED for both medicine and 
trauma patients requiring intuba-
tion. According to recent literature, 
the RSI approach to emergency 
intubation is associated with fewer 
attempts at laryngoscopy and bet-
ter success at achieving endotra-
cheal intubation.37,64 The Pediatric 
Emergency Medicine Committee of 
the American College of Emergency 

Physicians advocates for the use of 
RSI “in every emergency intubation 
involving a child with intact upper 
airway reflexes.”8,9,37 RSI remains 
the method of choice for managing 
an emergent airway in the ED, and 
when conducted with the appropriate 
planning, positioning, and medica-
tions, intubation can be achieved 
with minimal complications (See 
Figure 1).  
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CME Questions
1. A 9-year-old boy presents to the 

ED with his mom in extreme 
respiratory distress. The mother 
reports that he was around a 
friend’s dog over the weekend 
and has been having trouble 
breathing. She gave him repeated 
albuterol treatments at home 
before calling 911 to bring him 
to the ED. On exam, the patient 
is extremely tight with little to 
no air movement. You give him 
several albuterol treatments with 
atrovent, magnesium sulfate, and 
epinephrine with no improve-
ment. His arterial blood gas 
indicates impending respiratory 
failure and you decide to intubate 
him. The best choice of sedative 
would be:
a. etomidate.
b. ketamine.
c. morphine.
d. midazolam.

2. Which of the following is an 
absolute contraindication to the 
use of succinylcholine?
a. Burn victim 
b. Renal failure
c. Muscular dystrophy
d. Concussion

3. A 10-year-old girl presents to 
the ED via EMS in status epilep-
ticus. She continues to seize for 
25 minutes, and you prepare to 
intubate her. The best choice of 
sedative would be:
a. morphine.
b. midazolam.
c. etomidate.
d. fentanyl.

4. You are preparing to intubate a 
4-year-old girl with presumed 
septic shock. Which sedative 
should you avoid in this scenario?
a. Midazolam
b. Ketamine
c. Fentanyl
d. Etomidate

5. For the same 4-year-old men-
tioned above, what size uncuffed 
endotracheal tube would you 
need?
a. 3.0
b. 4.0
c. 5.0
d. 6.0

6. Which of the following state-
ments is true?
a. The adult occiput is propor-

tionally larger than that of 
children.

b. The larynx is more posterior 
in children.

c. The trachea is shorter in  
children.

d. The airway is narrower in 
adults.

7. Which of the following medica-
tions is considered a depolarizing 
muscle relaxant?

a. Rocuronium
b. Vecuronium
c. Midazolam
d. Succinylcholine

8. Which of the following medica-
tions should be used with caution 
in patients with egg and soybean 
allergies?
a. Propofol
b. Ketamine
c. Fentanyl
d. Etomidate

9. A 6-year-old girl presents to the 
ED after falling off her new bicy-
cle. She was with the babysitter 
at the time who forgot to remind 
her to wear her helmet. She has 
a GCS of 9, and her pupils are 
unequal. You decide to intubate 
her to protect her airway. The 
best choice of sedative would be:
a. ketamine.
b. etomidate.
c. morphine.
d. midazolam.

10. In which of the following patient 
scenarios would atropine be rec-
ommended as an adjunct to the 
RSI regimen?
a. 10-year-old child receiving 

ketamine and succinylcholine
b. 8-year-old child receiving 

etomidate and rocuronium 
c. 3-year-old child receiving 

etomidate and succinylcholine
d. 2-year-old child receiving ket-

amine and rocuronium

CME Instructions
To earn credit for this activity, please follow these instructions:
1. Read and study the activity, using the references for further research.
2. Scan the QR code to the right or log on to www.

cmecity.com.
3. Pass the online tests with a score of 100%; you will 

be allowed to answer the questions as many times as 
needed to achieve a score of 100%. 

4. After successfully completing the last test of the 
semester, your browser will be directed to the activity 
evaluation form. 

5. Once the completed evaluation is received, a credit letter will be 
e-mailed to you instantly. 
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Exclusive to our subscribers Rapid Access Management Guidelines

Pediatric Rapid  
Sequence Intubation: 
An In-depth Review

Emergency Endotracheal Intubation Recommendations  
for Trauma Patients

History Prior to RSI

1. Trauma patients with the following clinical findings:5
• Airway obstruction
• Hypoventilation
• Severe hypoxemia despite supplemental oxygen
• Severe cognitive impairment (GCS < 8)
• Cardiac arrest
• Severe hemorrhagic shock

2. Smoke inhalation patients with the following conditions:5
• Airway obstruction
• Severe cognitive impairment (GCS < 8) 
• Major cutaneous burn (> 40% body surface area)
• Prolonged transport time
• Impending airway obstruction

 - Moderate-to-severe facial burn
 - Moderate-to-severe oropharyngeal burn
 - Moderate-to-severe airway injury seen on endoscopy

A: Allergies and airway history
M: Medications
P: Past medical history, family 

history, and anesthetic history
L: Last oral intake
E: Events leading up to intubation

RSI Equipment Recommendations

Equipment Preparation

S: Suction with a Yankauer tip
O: Oxygen
A: Airway equipment
P: Pharmacologic agents
ME: Monitoring Equipment

Age Blade Type and Size ETT Size

Newborn Miller 0 or 1 2.5-3.5

3-9 months Miller 1 or Wis-Hipple 1.5 3.5-4.0

1 year Miller 1 or Wis-Hipple 1.5 4.0-4.5

2-3 years Miller 1 or 2 or Wis-Hipple 1.5 4.0-4.5

4 years Miller 2 or Macintosh 2 4.0-5.0

5-6 years Miller 2 or Macintosh 2 4.5-5.0

7-8 years Miller 2 or Macintosh 2 4.5-5.5

9-10 years Miller 3 or Macintosh 3 6.0-7.0

11-12 years Miller 3 or Macintosh 3 6.5-7.5

>13 years Miller 3 or Macintosh 3 7.0-8.0

* Note: Either a Miller or Wis-Hipple (straight blades) or Macintosh (curved blade) may be used 
during intubation. The epiglottis is relatively long, narrow, anteriorly angled, and more flexible 
in younger children making it often helpful to gently lift the epiglottis out of the way with use 
of a straight blade. The curved blade is used by inserting the tip of the blade into the vallecula 
and applying traction on the stiffer, older child’s hyoepiglottic ligament to retract the epiglottis 
providing better visualization of the larynx. While both straight and curved blades can be 
successfully used in children, the most important factor is the operator’s comfort with the device. 

Endotracheal Tube Size
• Uncuffed Endotracheal Tube Size

 - Tube size (mm in diameter) = 4 +  (age in years/4) 
 - Have estimated tube size available, as well as 0.5 mm smaller and 0.5 

mm larger
• Cuffed Endotracheal Tube Size

 - Tube size (mm in diameter) = 3 + (age in years/4)
• Most reliable estimation based on a child’s body length 
• Length-based resuscitation tapes are helpful for children up to 

approximately 35 kg
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Summary of RSI Medications

Algorithm

Medication Drug Class Onset Duration IV Dose Side effects
Atropine Adjunct 30 min Up to 4 hr 0.02 mg/kg  ↑ HR, Mydriasis 
    (max 1 mg,  
    min 0.1 mg)

Lidocaine Adjunct 3 min  1.5 mg/kg ↓ BP

Etomidate Sedative- 
 analgesic 5-15 sec 5-15 min 0.2-0.4 mg/kg Adrenal suppression

Ketamine Sedative- 
 analgesic < 2 min 10-15 min 1.5-2 mg/kg Bronchodilation

Propofol Sedative- 
 analgesic 10-20 sec 10-15 min 1.5-3 mg/kg Lactic acidosis

Midazolam Sedative 1-5 min 30-60 min 0.1-0.2 mg/kg Anticonvulsant, ↓ RR, ↓BP

Thiopental Sedative 10-20 sec 5-10 min 2-5 mg/kg Bronchospasm, ↓ BP

Fentanyl Analgesic 1-2 min 30 min 2-4 mcg/kg Analgesia, ↓ BP

Morphine Analgesic 3-5 min 4-6 hr 0.1-0.2 mg/kg Analgesia, ↓ BP

Succinylcholine Paralytic < 1 min 4-6 min 1-2 mg/kg Rhabdomyolysis,  
     ↓ HR

Rocuronium Paralytic < 1 min 45 min 1 mg/kg ↑ HR, ↑ BP

Vecuronium Paralytic 90-120 sec 20-60 min 0.15-0.3 mg/kg anaphylaxis

Pancuronium Paralytic 2-5 min 120-150 min 0.1-0.15 mg/kg ↑ HR, ↑ BP

Obtain AMPLE history and PE

Prepare equipment and medications

Monitor and preoxygenate

Premedicate
Consider atropine, lidocaine

Sedate
Individualize based on patient’s clinical status

Intubate trachea
Evaluate and confirm tube placement

Paralyze (choose one):
• Succinylcholine
• Rocuronium or vecuronium

Etomidate
Consider with 
tenuous  
cardiovascular 
status
Avoid in septic 
shock/ 
focal seizures

Ketamine
Consider 
with status 
asthmaticus, 
respiratory 
failure 

Propofol
Consider with 
hemodynamically 
stable patients

Midazolam
Consider with 
cardiovascularly 
stable patient 
with status  
epilepticus

Narcotics
Consider with 
cardiovascularly 
stable patients 
with pain



Pediatric Emergency Medicine Reports
2014 Reader Survey

In an effort to learn more about the professionals who read Pediatric Emergency Medicine Reports (PEMR), we 
are conducting this reader survey. The results will be used to enhance the content and format of PEMR.

Instructions: Fill in the appropriate answers. Please write in answers to the open-ended questions in the 
space provided. Either fax the completed questionnaire to 404-492-5933, or return it in the enclosed 
postage-paid envelope. The deadline is July 1, 2014.

A. Always
B. Most of the time
C. Some of the time
D. Rarely
E. Never

1. Are the articles in Pediatric Emergency Medicine Reports
written about issues of importance and concern to you?

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

A. Very satisfied
B. Somewhat satisfied
C. Somewhat dissatisfied
D. Very dissatisfied

Questions 3-14 ask about articles appearing in Pediatric
Emergency Medicine Reports. Please mark your answers in
the following manner:

3. Pediatric spinal trauma (June 2013)

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

A B C D

A B C D

A B C D

A B C D

A B C D

A B C D

A B C D

4. HIV (July 2013)

5. Skin and soft-tissue infections
(Aug. 2013)

6. Agitated pediatric patients (Sept. 2013)

7. Hyponatremia (Oct. 2013)

8. Noninvasive ventilation (Nov. 2013)

9. Infections of the neck (Dec. 2013)

10. Kawasaki disease (Jan. 2014)

11. Pediatric UTIs (Feb. 2014)

12. Respiratory syncytial virus (March
2014)

13. Pediatric resuscitations (April 2014)

14. Pediatric rapid sequence 
intubation (May 2014)

A B C D

A B C D

A B C D

A B C D

16. What is your title?
A. Practicing emergency medicine physician
B. Physician assistant
C. Professor/academician
D. Emergency medicine manager/director
E. Other

17. On average, how much time do you
spend reading each issue of PEMR?

A. 21-30 minutes
B. 31-59 minutes
C. 1-2 hours
D. 2-3 hours
E. More than 3 hours

18. On average, how many people read
your copy of PEMR?

A. 1
B. 2-3
C. 4-6
D. 7-9
E. 10 or more

19. How large is your hospital?
A. fewer than 100 beds
B. 100-200 beds
C. 201-300 beds
D. 301-500 beds
E. more than 500 beds

20. How would you rate the overall
coverage of topics in PEMR?

A B C D

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

15. Do you plan to renew your subscription to PEMR? A. yes B. no

If no, why?

21. Would you be interested in earning continuing
education credits with this publication?

A. Yes
B. No



32. What do you like most about Pediatric Emergency Medicine Reports?

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

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

Contact information (optional):

Please rate your level of satisfaction with the following items.

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

23. Article selections
24. Timeliness
25. Quality of Trauma Reports
26. Length of newsletter
27. Overall value

A. excellent  B. good  C. fair  D. poor

28. Customer service A B C D

29. To which other publications or
information sources about pediatric
emergency medicine do you subscribe?

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

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

31. Please list the top three challenges you face in your job today.
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Fractures in Older Adults
As the population ages and continues to retain an increasingly high level of func-

tion, including driving and recreational activities, a unique pattern of injuries is 
emerging in older patients. The authors review risk factors for fractures, impact of 
comorbidities, and unique aspects for management strategies.

— Ann M. Dietrich, MD, Editor

Introduction
Older adults, adults 65 years and older, have both an increased rate of trauma 

and an increased predisposition to injury from even minimal force. This makes 
older adults a high-risk population for traumatic fracture from high- or low-
impact mechanisms. High-impact fractures occur from falls from a height, 
motor vehicle collisions (MVCs), and sporting injuries. The number of high-
impact fractures seen in older adults will continue to increase over the next 15 
years as the U.S. population ages. For example, by 2030, motor vehicle crashes 
involving drivers older than 65 years are projected to increase 178%, and older 
adults will account for 25% of total driver fatalities.1 High-impact fractures have 
high mortality rates, and even those who survive to discharge have increased 
mortality over the following year.2 Surprisingly, MVCs are not the most com-
mon or the deadliest causes of fractures in older adults. Low-impact fractures, 
commonly called fragility fractures, have even higher mortality. Older patients 
with injuries from a fall have five times the mortality that their same age col-
leagues have from injuries from MVCs.3 Five-year survival after an osteoporotic 
hip fracture is similar to that of patients with breast or other cancer.4 Almost 
one in 13 (7.5%) of those with fragility fractures will die within 90 days of frac-
ture.5 Low-impact fractures from falls at standing height or lower are commonly 
associated with decreased bone mineral density (BMD). Falls resulted in 13.5% 
of older adult emergency department (ED) visits in 2010, and a fracture was 
the most common injury noted.6,7 In total, U.S. older adults suffered from 2.5 
million fractures in 2009-2010.8

A fracture can be a devastating blow to an older adult’s health and indepen-
dence, decreasing functional status and quality of life permanently.9 While some 
may recover their independence, half of older adults will require home health 
care in the 6 months following a fracture, and many will have long-term func-
tional decline.10 Spine, hip, or upper leg fractures decrease long-term quality of 
life just as much as chronic diseases such as diabetes or chronic lung disease.11 
Acutely, the pain and shock of an injury may precipitate delirium, complicat-
ing diagnosis and treatment, increasing the need for further medication, and 
increasing the rate of long-term cognitive deficits. In addition to the morbidity 
related to the initial fracture, the risk of further falls and subsequent fractures is 
also greatly increased. Almost a quarter of older adults will have a second frac-
ture within the next 5 years, and the risk of hip fracture is 17-fold higher in the 
first month after a fragility fracture.12-14 Understanding the risk factors for frac-
tures, the effects of common comorbidities, the differences in the type of frac-
tures seen in older adults, and the different management strategies is important 
to optimize the care of this high-risk population. 
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Fracture Risk Factors in 
Older Adults

Due to the physiologic changes 
of aging as well as common comor-
bidities, older adults are at high risk 
for fractures. Difficulties with gait, 
vision, and proprioception (due to 
neuropathy or medications) contrib-
ute to falls. Household hazards such 
as throw rugs and lintels can contrib-
ute to falls. The utility of different 
fall risk interventions was assessed in 
a recent Cochrane Review.15 

While interventions to prevent 
falls have had only moderate success, 
treatment of low bone mineral den-
sity (BMD) has been shown to sig-
nificantly reduce fracture rates. Low 
BMD is classified as osteoporosis (< 
2.5 standard deviations below nor-
mal) or osteopenia (between 1 and 
2.5 standard deviations below nor-
mal) based on hip or vertebral DXA 
scan. Osteoporosis affects more than 
10 million Americans, in addition 
to the numbers of untested older 
adults or those with only osteopenia. 
Each standard deviation decrease in 
BMD increases the relative risk of 
fracture by 1.5.16 Nearly all 80-year 
old-women have low BMD, with 
27% being osteopenic and 70% 
osteoporotic.17 Men especially may 
not know that they have low BMD, 
as the screening rate in the United 
States for older men is as low as 
11%.18 Despite the lack of screening, 
men account for more than 25% of 
osteoporosis-related fractures.19 As 
BMD testing currently is not feasible 
in the ED setting, any adult with a 
fracture (high or low impact) should 
be referred for outpatient testing. In 

older adults without osteoporosis, 
fracture risk factors include falls in 
the prior 12 months, any prior frac-
tures, and any decrease in BMD.20 
Risk stratifying patients by BMD 
alone or even by FRAX guidelines 
(World Health Organization screen-
ing guidelines) may not be sufficient 
to identify patients at high risk for 
fracture.21 Therefore, all older adults 
should be considered to be high risk 
for fracture, and imaging should be 
ordered liberally.

Multiple medical conditions also 
increase the risk of fracture. Any 
condition requiring chronic gluco-
corticoid use, such as inflammatory 
bowel disease, celiac disease, chronic 
obstructive pulmonary disease, 
and rheumatoid arthritis, decreases 
BMD.22 Neurologic, endocrine, 
renal, and other problems also pre-
dispose older adults to fracture. (See 
Table 1.) Patients on dialysis have 
an increased risk of fracture that is 
most often seen in older Caucasian 
females.23 An episode of acute kidney 
injury that requires dialysis, even if 
only temporarily, increases the risk of 
fracture.24 

Other risk factors include changes 
in body mass index (BMI), socio-
economic factors, and prior fracture 
history. Low BMI is a risk factor for 
hip and osteoporotic fractures, but is 
a protective factor for lower leg frac-
ture. High BMI is a risk factor for 
upper arm (humerus and elbow) and 
ankle fractures.25,26 Socioeconomic 
factors also may play a role in patient 
health and are especially important in 
the older adult population. Poverty 
itself is a risk factor for low BMD 

and fragility fractures, and the risk 
may begin with low socioeconomic 
status in childhood.27,28 The best 
predictor of future fracture, however, 
is prior fracture.22 Prior wrist frac-
ture doubles the risk of any future 
fracture.29 Men with a prior non-hip, 
non-vertebral fracture have a 41% 
chance of having a second fracture 
within 5 years of the initial fracture.30 
Further fractures decrease an older 
adult’s life expectancy significantly.31 
Patients diagnosed with a fracture in 
the ED should be considered high 
risk for future fractures and referred 
for preventative care, such as BMD 
testing, initiation of low BMD treat-
ment, geriatric assessment, or home 
safety assessment. 

Medications that 
Contribute to Fracture 
Risk and Complications

In addition to chronic glucocor-
ticoid use, many other medications 
have been implicated in increas-
ing the fracture risk in the elderly. 
Antipsychotic use in skilled nursing 
facility patients increases the risk of 
hip fracture in the first year after ini-
tiation,32 and changes in any psycho-
tropic medication including selective 
serotonin reuptake inhibitors (SSRIs) 
are associated with increased fall and 
fracture risk.33 Long-term warfarin 
use increases the risk of osteoporotic 
fractures in elderly men with atrial 
fibrillation (versus those with atrial 
fibrillation not on warfarin), but 
a similar effect was not noticed in 
women.34 Similarly, chronic levothy-
roxine use increases the risk of hip 

Executive Summary 

 z Five-year survival after an osteoporotic hip fracture is 
similar to that of patients with breast or other cancer. 
Almost one in 13 (7.5%) of those with fragility frac-
tures will die within 90 days of fracture.

 z Each standard deviation decrease in BMD increases the 
relative risk of fracture by 1.5. Nearly all 80-year-old 
women have low BMD, with 27% being osteopenic 
and 70% osteoporotic.

 z Thoracic and lumbar vertebral fractures are common 
from low-impact or high-impact trauma, and are esti-
mated at 27% of fragility fractures.

 z Patients diagnosed with a fracture in the ED should be 
considered high risk for future fractures and referred 
for preventative care, such as BMD testing, initiation 
of low BMD treatment, geriatric assessment, or home 
safety assessment.
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fracture in men but not in women.35 
This gender disparity may be due to 
the already elevated risk in women 
compared to men so that the effect 
of medications is less apparent in 
women. 

Anticoagulation use is also com-
mon and complicates fracture 
management. The use of oral anti-
coagulants may be associated with 
decreased BMD and increased 
fracture risk.36 The evaluation of a 
patient on anticoagulation with a 
closed fracture should include an 
assessment for compartment syn-
drome due to expanding hematomas.  
Open fractures in any extremity may 
require anticoagulation reversal and 
transfusion. Perioperative bleed-
ing is especially a concern in pelvic, 
acetabular, femur, and tibial frac-
tures, and these injuries frequently 
require transfusions.37 Patients on 
clopidogrel may have worse imme-
diate outcomes with emergent sur-
gery for hip fracture, but delaying 
surgery seven days to regain normal 
platelet function is associated with 
increased one-year mortality.38,39 In 
fact, a delay to surgery of more than 
24 hours for any reason is associated 
with increased mortality in patients 
with hip fractures.40 Reversing anti-
coagulation reduces hospital length 
of stay and complications in hip frac-
ture patients.41 Vitamin K reversal 
for orthopedic trauma patients on 
warfarin is both effective and cost 
effective.42 

Treatment of underlying predis-
posing factors such as reversal of 
anticoagulation (if indicated) and 
abnormal bone mineral density 
treatment can decrease morbid-
ity and mortality. Treatment with 
calcium and vitamin D reduces 
overall three-year mortality from a 
hip fracture in men by 43% and in 
women (with the addition of anti-
osteoporotic medications) by 36%.43 
The addition of calcium and vita-
min D in the first six weeks after a 
proximal humerus fracture has been 
shown to increase callus formation 
and BMD.44 Oral vitamin supple-
mentation of 700-800 IU must be 
given to achieve this effect, which 
is greater than the typical 400 IU 

in multivitamins.45,46 The effect of 
osteoporosis treatment on morbid-
ity and mortality for other types 
of fragility fractures is not as well 
characterized. Given the benign 

side-effect profile of vitamin D 
supplementation, we recommend all 
older adults with fractures be dis-
charged on vitamin D supplementa-
tion with follow up by their primary 

Table 1. Common Comorbidities that Increase the 
Risk of Fracture in Older Adults9,98,16,17

Gastrointestinal Inflammatory bowel disease, celiac 
disease

Neurologic Multiple sclerosis, Parkinson’s disease

Pulmonary COPD, pulmonary fibrosis with steroid 
use

Endocrine Type 1 diabetes, Addison’s disease
Hematologic Hemophilia A, hemophilia B

Renal End stage renal disease and possibly 
long-term renal insufficiency

Rheumatologic Rheumatoid arthritis
Oncologic Cancer with bony metastases

Table 2. Incidence of Fractures in Older Adult Men 
and Women30,53,54,70,73,83,99-101

Fracture Incidence (per 10,000 patient 
years)

Women Men
Lower vertebral- clinical and 
incidental‡

680 700

Hip‡ 50-76 33-36
C-spine** 18-85 18-85
Non hip, non vertebral, low trauma‡ 154 78
Distal Radius† 75 19
Ankle* 58 24
Proximal Humerus†† 42 15
Rib 40© 35*
Overall 2 million /year
‡ Incidence in ages ≥ 60, low energy trauma fractures only
** Incidence from Norway increases from 18/10,000 in 60-75 year olds up 
to 85/10000 in the oldest old, genders combined
† Incidence from Norway, ages ≥ 50, high and low energy trauma fractures
†† Incidence from US, ages ≥ 70, high and low energy trauma fractures
© Incidence in ages ≥ 60 in hospitalized patients only, low energy trauma 
fractures only 
* Incidence from US, ages ≥ 65, high and low energy trauma fractures
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care physician. Overall, older adults 
with fractures would benefit from a 
full medication review with atten-
tion to risks for immediate fracture 
treatment, as well as subsequent 
fracture prevention.

Overview of Common 
Fractures

Older adults are prone to different 
fractures and fracture mechanisms 
than a younger cohort. The fracture 
incidences tend to change after age 
50, when post-menopausal changes 
to BMD start. The most common 
fractures in older adults are verte-
bral fracture from compression or 
trauma, followed by hip and distal 
radius fractures. (See Table 2.) One in 
two women and one in five men will 
suffer from an osteoporotic fragility 
fracture, which is defined as any low-
energy trauma fracture. The most 
common fragility fractures are proxi-
mal humerus, hip, distal radius, and 
spinal fractures.

Thoracic and Lumbar 
Vertebral Fractures

Thoracic (see Figure 1) and lum-
bar vertebral fractures (see Figure 
2) are common from low-impact 

or high-impact 
trauma, and are 
estimated at 27% 
of fragility frac-

tures.19 Degenerative changes in the 
more mobile thoracolumbar junc-
tion and lumbar spine place older 
adults at higher risk for injuries to 
this area in high-impact traumas 
such as MVCs. Trauma registries 
demonstrate that the oldest old 
(80+ years) tend to have more upper 
thoracic and T-L junction injuries, 
while the younger old (60-79 years) 
may have more lumbar spinal frac-
tures. Younger adults tend to have 
flexion-distraction fractures, while 
older adults suffer the higher mor-
tality extension fractures.47 Stable 
compression fractures or mild burst 
fractures seen on X-ray and without 
neurologic symptoms may not need 
further imaging, but it is important 
to recognize that significant soft-
tissue injuries can be missed with 
these injuries, and CT or MRI may 
better clarify the extent of the injury. 
Helical spine CT is 99% accurate in 
identifying spinal fractures, as com-
pared to 87% accuracy of 2-view 
thoracolumbar X-rays (which may be 
even less accurate with low BMD). 
CT also aids in the assessment of 
fracture age and acuity.48 Acute ver-
tebral fractures have a three-year 
survival rate of 40-60% depending 

on the type of treatment. Acute frac-
tures can be treated with analgesics 
only, or treated surgically with bal-
loon kyphoplasty or vertebroplasty, 
which is best done in the first two 
months after an acute fracture.49 
Surgical treatment decreases mortal-
ity and chronic pain and increases 
quality of life compared to medical 
management.50,51  

Thoracic and lumbar compres-
sion fractures from low BMD or 
low-impact trauma are a significant 
health problem. The prevalence 
is around 20% in both women 
and men 70 years and older, and 
most are between T6 and L1.52  
Asymptomatic compression frac-
tures are often noted on routine 
chest X-rays. In one study of women 
with one or more risk factors for 
compression fractures, 31% had an 
undiagnosed moderate or severe 
vertebral fracture, and of these 
women, 75% did not have osteopo-
rosis on DXA scan.53 Additionally, 
18% may develop a new compres-
sion fracture in the year following 
diagnosis of the initial compression 
fracture.51 Therefore, prevention is 
very important, even if these frac-
tures are asymptomatic. ED referral 
or discussion with the patient about 
treatment options is also important, 
as most compression fractures will be 
treated on an outpatient basis unless 

Figure 2. L1 Compression Fracture

Image courtesy of Ademola Adewale, MD

Figure 1. Multiple Thoracic Spine 
Fractures

Image courtesy of Ademola Adewale, MD
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there is uncontrollable pain or con-
cern for cord injury.

Hip Fractures
Hip fractures (fractures of the 

proximal femur, including subcapi-
tal neck, intertrochanteric, subtro-
chanteric, and others) are some of 
the most common types of fragility 
fractures and are associated with the 
highest mortality. The incidence 
of hip fractures worldwide may be 
decreasing slightly due to imple-
mentation of national screening 
guidelines and preventative treat-
ment .54 (See Table 2.) Women more 
commonly suffer hip fractures at a 
rate of 4.5:1, but this difference is 
minimized after age 70.55 Other risk 
factors may include low vitamin K 
and vitamin D levels.56  

The clinical presentation of hip 
fracture classically occurs after a fall 
in an older individual, but can pres-
ent after any type of traumatic injury. 
In most instances, a hip fracture can 
be diagnosed from the history and 
physical exam. Patients are usually 
unable to bear weight on the affected 
side, have tenderness to palpation 
over the greater trochanter, and pain 
with external rotation, abduction, or 
axial loading of the hip. More obvi-
ous fractures will present with the leg 
in external rotation and shortened. 
The diagnostic imaging modality of 
choice is plain film X-rays of hip (see 
Figure 3), but CT or MRI may help 
characterize more subtle fractures, as 
X-rays are only 90-98% sensitive.57 
Occult, or X-ray-negative hip frac-
tures, make up 3-9% of hip fractures. 
Currently, MRI is the gold standard 
for the detection of occult fractures 
and should be considered in any at-
risk patient unable to bear weight 
after a traumatic event.57 

Treatment strategies include vari-
ous surgical options. It is important 
to optimize pre-operative health, but 
delays in surgery have been shown 
to increase mortality.38-40 Older 
adult patients commonly experience 
peri-operative complications such as 
hypoxia, delirium, anemia requiring 
transfusion, congestive heart failure, 
acute renal injury, and myocardial 
infarction.58 The most common 

post-operative complications are 
pneumonia, acute renal injury, and 
pressure ulcers.59 The risk of mor-
tality is much higher in those who 
suffer one or more complications. 
Those at highest risk of mortality 
and complications include patients 
on dialysis, those presenting in 
shock, patients with obesity, history 
of cardiopulmonary disease, diabetes, 
or a delay to surgery of more than 
48 hours.59 In high-impact trauma 
patients, such as MVCs or motorcy-
cle collisions, patients with any type 
of femur fracture (hip or distal) are 
more likely to have a perioperative 
MI; however, overall their mortality 
is similar to other older adult trauma 
patients without a femur fracture.60 
Despite definitive surgical manage-
ment, hip fractures in the elderly 
have a high mortality rate of 8.1% 
at 30 days and 21.6% at one year,58 
and a similar five-year survival rate 
as breast cancer patients.4 For those 
who survive, many do not regain 
their previous level of functioning 
and require skilled nursing care or 
home health assistance. The emer-
gency physician can decrease mor-
bidity and mortality by having a low 

threshold to proceed to CT or MRI 
to rule out occult fracture, facilitat-
ing pre-operative clearance (decreas-
ing time to surgery), and discussing 
delirium and pressure ulcer pre-
vention with family and staff. 
Depending on the anesthesia and 
hospitalist staff, pre-operative clear-
ance usually involves a pulmonary 
exam and chest X-ray, a cardiac exam 
with EKG and possibly echocardio-
gram if the patient has a history of 
heart failure or valve disorders, and a 
medication review. Pre-operative labs 
such as a type and cross, coagulation 
parameters (PT and PTT), and basic 
blood counts and chemistries are also 
required. Many of these tests can be 
obtained quickly in the ED. 

Cervical Spine Fracture
Cervical spine (c-spine) injury 

(see Figures 4 and 5) is a significant 
cause of morbidity and mortality in 
the geriatric trauma patient. Older 
adults account for 19% of c-spine 
injuries,61 but the likelihood of a 
c-spine injury is twice as high as that 
for a younger trauma patient,62 with 
many requiring surgical intervention. 
Rollover motor vehicle accidents and 

Figure 3. Hip Fracture
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older age increase the risk of c-spine 
fracture.63 Low-impact mechanisms, 
however, cause more than 50% of 
c-spine fractures.61 The injury pattern 
in older patients with cervical injury 
is also different than in younger 
patients. Due to the decreased range 
of motion of the cervical spine, 
elderly patients are more likely to 
sustain higher level c-spine fractures 
(see Figures 6 and 7), while younger 
patients are more likely to sustain 
lower c-spine injury. Elderly patients 
are also more likely to have addi-
tional intracranial injuries compared 
to younger patients. 

The diagnosis of c-spine fractures 
in the elderly can be elusive. The 
NEXUS study provides practitioners 
with a set of clinical criteria that, if 
met, put the patient in a very low 
risk category for c-spine injury.64 This 
landmark study did include a suf-
ficient number of geriatric patients, 
and a geriatric subgroup analysis 
shows 100% sensitivity for clinically 
significant injuries.62 However, many 
are reluctant to apply this clinical 
decision rule in the geriatric popu-
lation due to the number of older 
adults with fractures from minimal 
trauma with minimal symptoms.65,66 

Various retrospective studies describe 
limitations,63,67 but no clear prospec-
tive evidence has shown these criteria 
to be inferior in the geriatric popula-
tion. The Canadian C-spine Criteria 
uses age 65 and greater as a high-risk 
feature that requires imaging, but 
fewer clinicians use these criteria, as 
it is a more complicated algorithm 
to implement.65 The clinical exam is 
difficult in geriatric patients, as they 
commonly have decreased range of 
motion at baseline, baseline pathol-
ogy that can make plain films difficult 
to interpret, and may have clinically 
significant spinal injuries with mini-
mal symptoms. Therefore, CT (see 
Figure 8) should be the first imaging 
used to evaluate for c-spine injury in 
older patients. 

Treatment options include non-
operative immobilization with cer-
vical collar or surgery for internal 
fixation. Type II dens fractures are 
the most common type of cervical 
fracture in the elderly, and, thus, 
the best studied to determine the 
benefits from surgery. Some findings 
show protective effects with surgery 
in younger populations of geriatric 
patients.68 Other non-randomized 
studies have shown a functional and 
mortality benefit with surgical inter-
vention in those patients healthy 
enough to undergo surgery.69 The 
only available studies to guide treat-
ment options are limited to retro-
spective, uncontrolled studies. The 
decision to operate on cervical spine 
fractures in older adults depends 
on previous functional status and 
comorbidities in addition to the clin-
ical judgment of the neurosurgical 
team. Despite intervention, mortality 
with c-spine injury is high; one-year 
mortality from dens fractures compa-
rable to hip fractures at 37.5%.70 

Distal Forearm Fractures
Distal forearm fractures account 

for 19% of osteoporosis-related 
fractures19 and are almost always 
caused by a fall on an outstretched 
hand or an MVC. (See Figures 9 
and 10.) Theoretically, as balance 
and motor coordination decrease 
with age, older women are more 
likely to fall onto their hip than an 

Figure 4. Cervical Spine 
Fracture

Figure 5. Cervical Spine 
Fracture

Image courtesy of Howard Werman, MD Image courtesy of Howard Werman, MD

Figure 7. C2 FractureFigure 6. C1 Fracture

Image courtesy of Howard Werman, MDImage courtesy of Howard Werman, MD
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outstretched hand. However, the 
incidence of distal radius fracture 
still increases with age, with an 
increase from 34 per 10,000 patient 
years in women ages 50-54 to 101 
in those 85 years and older.71 This is 
more than double the incidence in 
men. Women are four times more 
likely to have a distal radius frac-
ture overall, but men are five times 
more likely than women to have a 
high-impact fracture.71 Older adults 
with distal radius fractures have a 
tendency toward better health than 
their peers with proximal humerus 
or hip fractures, and distal forearm 
fractures do not appear to increase 
mortality.72 However, there is still 
an increased risk for further frac-
tures.12 Emergency department 
management includes a high index 
of suspicion in any older adult with 
wrist pain, and splinting or orthope-
dic consultation, as indicated, based 
on the severity and displacement 
of the fracture. While the patient 
population with distal forearm frac-
tures tend to be high functioning, 
their ability to compensate for the 
immobilization of one hand may 
be decreased, especially if they nor-
mally walk with an assistive device. 
A home safety and functional assess-
ment is indicated prior to discharge, 
with admission for rehabilitation 
placement if needed. 

Figure 10. Distal Forearm Fracture

Figure 9. Distal Forearm FractureFigure 8. C4 Fracture

Image courtesy of Howard Werman, MD
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Ankle and Other Lower 
Extremity Fractures

Ankle, knee, and foot fractures 
are often seen after falls. Older 
adults suffer 20-30% of foot and 
ankle fractures, with an incidence 
of 42/10,000.73,74 In addition to 
the risk factors for any fracture, an 
elevated BMI is associated with a 
higher risk for ankle fractures.75 
X-rays are usually sufficient to diag-
nose fractures. Surgical intervention 
is needed frequently for trimalleolar 
fractures (74%), but less frequently 
for isolated malleolar fractures (11-
22%).74 Surgical repair in patients 
with increasing age, diabetes, or 
smoking history have a complica-
tion rate greater than 20%, but 
surgery may provide improved 
long-term function.76 A comparison 
of adults older than 70 years of age 
with ankle fractures treated con-
servatively (reduction and casting) 
versus operatively found that more 
than 25% of the conservative group 
had failure and required surgery at 
a later stage. Additionally, 72% of 
those treated operatively returned 
to their prior weight-bearing lev-
els of activity, as opposed to only 
42% in the conservative group.77 
Operative ankle fractures should be 
treated aggressively without pro-
longed delay to reduce the rate of 
wound and other complications.78,79 
Patella fractures usually occur from 
direct fall onto the knee. Depending 
on extensor tendon disruption and 
comminution, these may be treated 
operatively or conservatively. Both 
treatment courses result in 82% of 
patients returning to their prior 
functional status.80

Knee, foot, and ankle fractures 
may not be associated with low 
BMD as frequently as distal radius 
or vertebral fractures.81 However, 
these patients should still be referred 
for testing for low BMD to ensure 
appropriate treatment. Treatment of 
any older adult with a lower extrem-
ity fracture should also include 
a safety assessment with assistive 
devices, as many of these patients 
may not be able to appropriately use 
crutches or a walker with a cast or 
splint on a lower extremity. 

Proximal Humerus 
Fractures

Men and women share similar 
risk factors for proximal humerus 
fractures, most notably decreased 
BMD.82 In addition to low BMD 
and falls risk factors, antiepileptic 
use, diabetes mellitus, obesity, and 
left-handedness all increase the risk 
of proximal humerus fracture.83 
The risk increases with age, starting 
around 45 years old and peaking 
around 85 years old.84 Older adults 
with proximal humerus fractures 
tend to be less physically and men-
tally impaired than age-matched col-
leagues with hip fractures, but they 
still have increased mortality in the 
initial year after fracture.72 Women 
account for two-thirds of proximal 
humerus fractures in older adults, 
while men make up a greater propor-
tion in younger adults. (See Figure 
11.) Additionally, these fractures 
are more likely to be complicated 
by comminution or displacement 
in older adults.85 In non-displaced 
fractures, there is insufficient evi-
dence to recommend surgery versus 

immobilization, and, therefore, most 
non-displaced proximal humerus 
fractures are treated with a shoul-
der immobilizer and early physical 
therapy.86 Despite treatment, proxi-
mal humerus fractures can decrease 
quality of life and independence 
chronically. If patients have not 
recovered good range of motion 
and strength within a year, they will 
continue to have chronic difficul-
ties.87 Additionally, this fracture may 
decrease a patient’s ability to use 
adaptive equipment such as a walker, 
cane, or grab bars; a home health-
care needs and safety assessment 
should be done prior to discharg-
ing a patient who may not be able 
to maintain independence with this 
injury.

Facial Fractures
The most common mechanisms 

resulting in facial fractures include 
falls (50%) and motor vehicle crashes 
(20%).88,89 These fractures are 
associated with significant morbid-
ity and mortality, with up to 11% 
in-hospital mortality.88,89 The most 

Figure 11. Proximal Humerus Fracture
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common facial bone injured is the 
mandible (18%) (see Figures 12 and 
13) and then the orbital floor (15%) 
(see Figure 14) and zygoma (15%) 
(see Figure 15). Providers should 
be aware that facial fractures along 
with upper extremity injuries are 
the most common presentations of 
elder abuse. Particular care should 
be taken to explore possible abuse 
in high-risk situations, such as when 
there is a culture of violence in the 
family or a vulnerable patient with 
dementia or social isolation.90 If 
there is any concern for safety, the 
patient should be admitted until a 
full social work evaluation can be 
done.  

Patients with any trauma and con-
cerning bruising or tenderness of the 
face should undergo maxillofacial 
CT imaging. Patients with facial frac-
tures may also sustain other injuries, 
including brain, extremity fractures, 
cervical spine fracture, and spinal 
cord injuries. Additional imaging, 
such as non-contrast CT of the brain 
or CT angiography, may be indicated 
to evaluate for intracranial pathology 
or blunt carotid injury. The majority 
of facial fractures in older adults are 
managed non-operatively.88,89 In one 
clinical series, 30% of patients died 
before any operative intervention, 
65.9% had non-operative manage-
ment, and only 5% required internal 
fixation. 

Mandible and LeFort fractures 
are the most likely to require opera-
tive intervention. Functional and 
cosmetic outcomes that affect qual-
ity of life determine the need for 
intervention. Fractures that interfere 
with mastication and jaw function 
are likely to be more problematic 
for long-term quality of life if left 
untreated.91 In another reported 
series, open reduction was used 
in 28.8% of patients, 26.9% were 
treated with closed reduction, and 
44.2% did not undergo any treat-
ment.92 The variation in treatment 
for similar fractures again may be 
dependent upon the baseline char-
acteristics of the patient, including 
comorbidities and functional status. 
Emergency department management 
includes a low suspicion for facial 

Figure 12. Bilateral Mandibular Fracture

Figure 13. Bilateral Mandibular Fracture
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imaging, adequate pain control, 
and a thorough evaluation of func-
tion, including neurologic status, 

extraocular movements, and ability 
to masticate and swallow, in addition 
to specialist consultation as needed.  

Rib Fractures
Ribs are commonly fractured 

in high-impact mechanisms. In 
trauma registries, rib fractures are 
found in 38% of admitted older 
adults.93 Diagnosing rib fractures 
can be difficult, as plain films have 
low sensitivity, missing 50% of rib 
fractures. CT imaging of the chest, 
however, is highly sensitive. In clini-
cal practice, rib fractures missed on 
plain films do not seem to impact 
clinical outcomes. One retrospective 
study found that any rib fracture or 
pulmonary contusion identified on 
plain films (see Figure 16) increased 
the incidence of pulmonary mor-
bidity and mortality, whereas frac-
tures identified only by CT did not 
increase mortality rates.94 

Compared to the younger patient, 
older adults with rib fractures have 
greater incidence of morbidity (days 
on ventilator, pneumonia, etc.), 
along with an increased mortality. In 
one series, elderly patients with rib 
fractures suffered a mortality rate of 
22%, compared to 10% for younger 
patients.93,95 Also, the number of rib 
fractures correlates with increased 
morbidity and mortality. Geriatric 
patients had significantly increased 
mortality rates if they suffered three 
or more rib fractures. The incidence 
of complications of pneumonia or 
ARDS was also linearly associated 
with the number of rib fractures. A 
recent meta-analysis showed that age 
greater than 65, three or more rib 
fractures, pre-existing conditions, 
and pneumonia were strong predic-
tors of mortality in patients with 
blunt traumatic chest wall injury.96 In 
addition to increasing morbidity and 
mortality, a rib fracture in a post-
menopausal woman (≥ 45 years old) 
increases the risk of further rib frac-
ture by fivefold and the risk of any 
other fractures by more than double. 
Despite their association with MVC 
and high-energy trauma, rib frac-
tures in post-menopausal women 
and older adults are associated with 
osteoporosis, and these patients 
should be referred for testing and 
treatment.97 

Treatment of isolated rib frac-
tures is largely supportive and often 

Figure 14. Orbital Floor Fracture

Figure 15. Zygoma Fracture
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done as an outpatient. Analgesia is 
important, as pain from rib fractures 
generates shallow breathing, leading 
to atelectasis and susceptibility to 
pneumonia. Some authors support 
the use of perioperative epidural 
anesthesia, which has been shown in 
limited studies to decrease morbidity 
and mortality.95 This may limit the 
need for narcotic analgesia, which is 
associated with falls, over-sedation, 
and constipation in older patients. 
However, there have been no ran-
domized trials to evaluate the poten-
tial benefits of epidurals. Surgical 
intervention may be warranted to 
improve ventilation when there 
are significant rib fractures or flail 
chest that is limiting the mechani-
cal pull of the chest wall.98 Incentive 
spirometers should be prescribed 
and instructions given to continue 
ambulation and deep breathing. If 
there are multiple comorbidities, 
concerns about the side effects of 
analgesics, or concerns about patient 
understanding, admission for initial 
pain control and pulmonary toilet is 
warranted. 

Conclusions
Older adults have high rates of 

fractures, which are associated with 
higher morbidity, higher mortality, 
and more frequent social and home 
health care complications than in 
younger patients. Any fracture in an 

older adult may be compli-
cated by low BMD, and all 
should be referred for testing 
and treatment. Starting vita-
min D supplementation and 
referring for outpatient BMD 
testing can be done from 
the emergency department 
in order to improve heal-
ing and prevent subsequent 
fractures. Physicians must 
also give increased attention 
to a patient’s social situation 
and ability to care for the 
injury at home. Physicians 
should be aware of occult 
fractures, or X-ray-negative 
fractures, especially when a 
patient has persistent pain or 
inability to ambulate. Once 
identified, older adults with 

fractures should be treated swiftly 
and aggressively. When surgical 
repair is indicated, it should not be 
delayed due to the patient’s age, as 
delays more than 24 hours are asso-
ciated with higher complication risks. 
Overall, this is a high-risk popula-
tion prone to repeat injury that 
should be treated cautiously, with 
extra attention given to comorbidi-
ties, home safety, and future fracture 
prevention. 
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CNE/CME Questions
1. After identifying a fragility fracture, the 

appropriate management includes which 
of the following?
A. Assess patient’s ongoing fall risk and 

intervene as needed.
B. Prescribe calcium and vitamin D 

supplementation.
C. Refer the patient to appropriate 

orthopedic specialists.
D. all of the above

2. Which patient is at the highest risk of  
fragility fracture?
A. 35-year-old obese woman on lisinopril
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B. 65-year-old man with a prior fragility 
fracture

C. 60-year-old woman with known 
osteopenia

D. 68-year-old woman with normal 
BMD on DEXA

3. An elderly man presents to the ED after a 
fall at his nursing home. The only inter-
vention done by EMS was to start an IV. 
The patient is able to talk and is com-
plaining of hip pain. What should be done 
first in management of this patient?
A. Fully undress the patient.
B. Obtain a CT scan of the hip.
C. Evaluate cervical spine and stabilize if 

needed.
D. Obtain an MRI of the hip.

4. A 72-year-old female with a history of 
atrial fibrillation on Coumadin presents 
after a fall with a left intertrochlear hip 
fracture. According to the current litera-
ture, which of the following is true?
A. Patients with open fractures should 

not have anticoagulation reversed 
prior to surgery.

B. Surgical delay for full reversal is asso-
ciated with increased mortality.

C. Patients on warfarin are at lower base-
line risk for fragility fracture.

D. Reversing anticoagulation increases 
hospital length of stay.

5. A 78-year-old male presents after a roll-
over MVC. The initial chest X-ray shows 
four left-sided, minimally displaced rib 
fractures. In the trauma patient, which of 
the following is true?
A. Clinically significant rib fractures can 

be reliably seen on plain films.
B. Mortality and morbidity increase with 

the number of rib fractures.
C. Pneumonia and ARDS are possible 

complications from rib fractures.
D. All of the above are true. 

6. A 62-year-old male on warfarin and 
hemodialysis presents for a syncopal 
episode. He was placed in cervical spine 
precautions en route, and on initial 
evaluation complained of midline cervi-
cal tenderness. An X-ray demonstrates 
non-displaced fracture of the C2 dens. 
When discussing the case with the junior 
neurosurgical resident, he proposes the 
possibility that this could be an old injury 
because he has never seen a dens fracture 
from the described mechanism. What 
additional information will help guide 
further management?
A. Elderly patients are more likely to suf-

fer cervical spine injury from minor 
trauma.

B. The patient had decreased neck 
mobility at baseline.

C. Warfarin and dialysis are not associ-
ated with decreased BMD.

D. The patient has no neurological  
deficits.

7. A 68-year-old male with osteoporosis 
presents with a mid-shaft ulnar fracture. 
Three weeks ago he was seen for a frac-
ture of the zygoma (a facial bone), which 
was managed conservatively. The patient 
appears disheveled and somewhat mal-
nourished. After full trauma evaluation 
and splinting the arm with orthopedic 

referral, the next step in management 
should include which of the following?
A. discharge to home with adequate 

analgesic medication
B. additional history with social work 

consult
C. CT of the brain
D. referral to neurology for dementia

8. Patients with increased risk of fragility 
fracture include:
A. patients with COPD
B. patients with type 1 diabetes
C. patients requiring dialysis
D. all of the above

9. A 68-year-old woman slips on an icy side-
walk getting her mail and suffers a proxi-
mal humerus fracture. She is discharged 
with a shoulder immobilizer, a narcotic 
pain medication, and a referral for ortho-
pedic follow-up. She is at risk for which of 
the following?
A. further falls
B. chronic decreased mobility in the 

shoulder joint
C. difficulty with activities of daily living 

at home due to arm immobilization
D. all of the above

10. A 71-year-old man presents to the ED 
with back pain of 2 days duration. No 
trauma was involved, and no neurologic 

deficits are noted on exam. X-rays demon-
strate a compression fracture at T10, but 
cannot assess if this is new or old, and you 
have no prior imaging for comparison. 
Which of the following is incorrect?
A. Spinal CT or MRI may further delin-

eate acute vs chronic fracture.
B. He has almost a 1 in 5 chance of a 

second vertebral compression fracture 
within a year of the first. 

C. He should be referred for BMD test-
ing and started on vitamin D supple-
mentation.

D. This is probably incidental and can be 
ignored. 

11. Which of the following is true regard-
ing the use of oral anticoagulants and an 
older patient with a fracture?
A. Use of oral anticoagulants may be 

associated with decreased BMD.
B. Use of oral anticoagulants may be 

associated with increased fracture risk.
C. Evaluation of the patient should 

include a careful evaluation for com-
partment syndrome.

D. all of the above

12. Treatment of underlying predisposing 
factors such as bone mineral density treat-
ment may decrease morbidity and mortal-
ity in patients with hip fractures.
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A. true
B. false

13. Which of the following is true regarding 
distal forearm fractures?
A. The incidence of distal radius fracture 

decreases with age.
B. Older adults with distal radius frac-

tures have worse health in general 
than those with hip fractures.

C. A home safety and functional assess-
ment is indicated prior to  
discharge.

D. There is no increased risk of future 
fractures.
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Dear Trauma Reports Subscriber:

This issue of your newsletter marks the start of a new continuing education semester and provides us with an opportu-
nity to remind you about the procedures for earning credit and delivery of your credit letter. 

Trauma Reports, sponsored by AHC Media, provides you with evidence-based information and best practices that help 
you make informed decisions concerning treatment options. Our intent is the same as yours — the best possible patient 
care.  

Upon completion of this educational activity, participants should be able to:

• discuss conditions that should increase suspicion for traumatic injuries;
• describe the various modalities used to identify different traumatic conditions;
• cite methods of quickly stabilizing and managing patients; and
• identify possible complications that may occur with traumatic injuries.

HERE ARE THE STEPS YOU NEED TO TAKE TO EARN CREDIT FOR THIS ACTIVITY:
1. Read and study the activity, using the provided references for further research.
2. Log on to www.cmecity.com to take a post-test; tests can be taken after each issue or collectively at the end of the 
semester. First-time users will have to register on the site using the 8-digit subscriber number printed on their mailing label, 
invoice, or renewal notice. 
3. Pass the online tests with a score of 100%; you will be allowed to answer the questions as many times as needed to 
achieve a score of 100%. 
4. After successfully completing the last test of the semester, your browser will be automatically directed to the activity 
evaluation form, which you will submit online. 
5. Once the completed evaluation is received, a credit letter will be e-mailed to you instantly. You will not have to 
wait to receive your credit letter!

This activity is valid 36 months from the date of publication. The target audience for this activity includes emergency 
medicine physicians and nurses.

If you have any questions about the process, please call us at (800) 688-2421, or outside the U.S. at (404) 262-5476. 
You can also fax us at (800) 284-3291, or outside the U.S. at (404) 262-5560. You can also email us at: customerser-
vice@ahcmedia.com.

On behalf of AHC Media, we thank you for your trust and look forward to a continuing education partnership.

Sincerely,

Lee Landenberger
Continuing Education Director
AHC Media



Trauma Reports
2014 Reader Survey

In an effort to learn more about the professionals who read Trauma Reports, we are conducting this reader
survey. The results will be used to enhance the content and format of Trauma Reports.

Instructions: Fill in the appropriate answers. Please write in answers to the open-ended questions in the space 
provided. Please insert this survey in the provided envelope along with your continuing education evaluation, 
or fax it to 404-492-5933. The deadline is July 1, 2014.

A. Always
B. Most of the time
C. Some of the time
D. Rarely
E. Never

1. Are the articles in Trauma Reports written about issues of
importance and concern to you?

12. How would you describe your
satisfaction with your subscription to TR?

A. Very satisfied
B. Somewhat satisfied
C. Somewhat dissatisfied
D. Very dissatisfied

Questions 4-9 ask about coverage of various topics in
Trauma Reports. Please mark your answers in the following
manner:

4. Pediatric burns
 (July/Aug. 2013)

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

A B C D

A B C D

A B C D

A B C D

5. Civilian blast injury
(Sept./ Oct. 2013)
6. Blunt abdominal pain in
pediatrics (Nov./Dec. 2013)
7. Maxillofacial trauma
(Jan./Feb. 2014)
8. Obesity in trauma care
(March/April 2014)
9. Fractures in older adults
(May/June 2014)

A B C D

A B C D

13. What is your title?
A. Practicing emergency medicine physician
B. Trauma surgeon
C. Emergency department or surgical nurse
D. Physician assistant
E. Professor/academician

F. Emergency medicine manager/director
G. Resident

14. On average, how much time do you
spend reading each issue of TR?

A. fewer than 30 minutes
B. 30-59 minutes
C. 1-2 hours
D. more than 2 hours

15. On average, how many people read
your copy of TR?

A. 1-3
B. 4-6
C. 7-9
D. 10-15
E. 16 or more

11. Do you plan to renew your subscription to TR? A. yes B. no

If not, why?

2. How would you rate your overall
satisfaction with your job?

A. Very satisfied
B. Somewhat satisfied
C. Somewhat dissatisfied
D. Very dissatisfied

3. What are you most dissatisfied with in your job?
A. staffing
B. heavy workload
C. low morale in your department or facility
D. impact of cost-cutting on quality of care

E. other

17. How large is your hospital?
A. fewer than 100 beds
B. 100-200 beds
C. 201-300 beds
D. 301-500 beds
E. more than 2,00010. How do you receive Trauma Reports?

A. I am a paid subscriber (proceed to question 11)
B. I receive it as a supplement to another publication (skip to question 12)

16. On average, how many articles do you
find useful in TR each year?

A. 1-2
B. 3-4
C. 5-6



29. What do you like most about Trauma Reports?

30. What do you like least about Trauma Reports?

31. What specific topics would you like to see addressed in Trauma Reports?

Contact information (optional):

Please rate your level of satisfaction with the following items.

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

19. Article selections
20. Timeliness
21. Length of newsletter
22. Overall value
23. Customer service

A. excellent  B. good  C. fair  D. poor
25. With which publication do you receive
Trauma Reports?

A. Emergency Medicine Reports
B. Pediatric Emergency Medicine Reports

28. Has reading Trauma Reports changed your clinical practice? If yes, how?

24. What type of education credits do you
earn from Trauma Reports?

A. Continuing medical education
B. Nursing contact hours
C. I do not participate in the CNE/CME activity.

26. Would you subscribe to Trauma Reports if
it were available as a 12-month subscription?

A. yes
B. no

27. To what other publications or information
sources do you subscribe?




