
Sodium Bicarbonate Reduces 
the Incidence of Contrast-induced

Nephropathy
A B S T R A C T  &  C O M M E N T A R Y

Source: Merten GJ et al. Prevention of contrast-induced nephropathy
with sodium bicarbonate: A randomized controlled trial. JAMA

2004;291:2328-2334.

The objective of this prospective, single-center, random-
ized trial was to compare the efficacy of sodium bicarbonate

with sodium chloride as the hydration fluid to prevent contrast-
induced nephropathy. A total of 119 patients with stable creatinine
levels of at least 1.1 mg/dL, who were scheduled for cardiac
catheterization, computed tomography or other imaging procedures,
completed the study. Patients received 154 mEq/L of either sodium
bicarbonate or sodium chloride as a bolus of 3 mL/kg per hour for 1
hour before exposure to the nonionic, low-osmotic radiographic con-
trast agent iopamidol, followed by an infusion of 1 mL/kg per hour
for 6 hours after the procedure. Serum creatinine levels were mea-
sured at baseline and one and two days after contrast. Contrast-
induced nephropathy was defined as an increase in 25% or more in
serum creatinine within two days of contrast use. 

There were no significant differences between the two groups in
age, sex, incidence of diabetes, ethnicity, or contrast volume. Base-
line serum creatinine was slightly higher, but not statistically differ-
ent, in patients receiving sodium bicarbonate treatment with a mean
(SD) of 1.89 (0.69) mg/dL compared with 1.71 (0.42) mg/dL for
sodium chloride. The primary outcome measure of contrast-
induced nephropathy occurred in 13.6% (8 of 59 patients) who
received sodium chloride but in only 1.7% (1 of 60 patients) who
received sodium bicarbonate, for a mean difference of 11.9%
(95% CI, 2.6%-21.2%; P = 0.02). A follow-up registry of 191
patients meeting the study criteria and treated with sodium bicarbon-
ate was included and resulted in three cases of contrast-induced
nephropathy (1.6%, 95% CI 0-3.4%).  

■ COMMENTARY BY STEPHANIE ABBUHL, MD, FACEP
It is an exciting finding that an easily administered and inexpen-
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sive treatment apparently can reduce the incidence of
contrast-induced renal failure. Despite less than perfect
methodology, the results of this study are impressive and
should lead to consideration of implementing a standard
protocol in every emergency department (ED) for the
administration of sodium bicarbonate hydration fluid in
patients with renal insufficiency who are to undergo
either a procedure or an imaging study requiring intra-
venous contrast. The simplified solution used in the reg-
istry patients was prepared by adding 3 ampules (150
mEq) of sodium bicarbonate to 1 L of D5W and infusing
a bolus of 3.5 mL/kg for 1 hour immediately before the
contrast injection, followed by 1.18 mL/kg per hour
thereafter for 6 hours.  

The success of sodium bicarbonate is consistent with
the theory that contrast injury is caused by free radicals
generated within the acid environment of the renal
medulla. Sodium bicarbonate may interrupt oxidant

injury by either slowing free radical production and/or
by acting as a scavenger for potent oxidants.1 Urine pH
measurements after the initial bolus of fluid showed that
a small but significant increase in urinary alkalinization
occurred in patients who received sodium bicarbonate
when compared with those who received sodium chlo-
ride (mean pH 6.5 vs 5.6; P = 0.002). 

Practically speaking, the most difficult part of imple-
menting a protocol for preventing contrast-induced
renal failure is determining what creatinine level cut-
off to use when deciding which patients should receive
sodium bicarbonate prophylaxis. We tend to forget
that creatinine levels can be amazingly deceptive and
are only a crude reflection of a patient’s glomerular
filtration rate (GFR), the best overall measure of kid-
ney function. A creatinine level of 1.0 mg/dL can indi-
cate excellent renal function in a young male and reflect
significant renal insufficiency in an older female. Serum
creatinine levels should be interpreted with respect to
age, sex, body mass, and race. An estimated GFR of less
than or equal to 60 mL/min/1.73 m2 defines chronic kid-
ney disease and is the most important risk factor for the
development of contrast-induced nephropathy.1 A handy
calculator for GFR, which requires only the creatinine
value, age, race, and sex of the patient, can be found at
http://www.kidney.org/kls/professionals/gfr_calculator.
cfm and is also found on many personal digital 
assistants.   ❖

Reference
1. McCullough PA, Sandberg KR. Epidemiology of con-

trast-induced nephropathy. Rev Cardiovasc Med 2003;
4:S3-S9. 

Absorbable Suture Material
for Closure of Pediatric 
Lacerations
A B S T R A C T  &  C O M M E N T A R Y

Source: Karounis H et al. A randomized, controlled trial
comparing long-term cosmetic outcomes of traumatic pedi-
atric lacerations repaired with absorbable plain gut versus
nonabsorbable nylon sutures. Acad Emerg Med 2004;11:
730-735.

This prospective, randomized clinical trial
attempted to determine if there was any difference in

outcome between lacerations closed with traditional
nonabsorbable sutures vs. those closed with fast-absorb-
ing gut. This Canadian study was performed at a single
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site during a period of two years, and all patients aged
younger than 18 years with lacerations that met clinical
criteria were offered enrollment. Both groups predomi-
nantly contained patients who had wounds on the face;
patients with wounds to the arms, torso, hands, legs, and
feet were included also. Wound closure was randomized
to either of the two study materials. Patients were fol-
lowed-up initially within 5-10 days, and subsequently at
4-5 months by a plastic surgeon blinded to the closure
technique. At the first follow-up, wounds were evaluated
using a validated scoring system for wound appearance
(e.g., step-off and edge inversion), as well as overall
cosmesis and evidence for infection (nylon sutures also
were removed at this time). The plastic surgeon who
evaluated the patients at 4-5 months used a previously
validated visual analog scale (VAS) to score wound
cosmesis and assessed the need for surgical scar revision.

A total of 147 patients were eligible for the study, and
95 ultimately consented to be enrolled in the randomiza-
tion process. Fifty were randomized to absorbable and
45 to non-absorbable sutures. The groups were matched
in age, location of wounds, and wound characteristics.
At the short-term follow-up, no difference was found
in the visual wound scores, infection rates, or overall
cosmesis. Sixty-three of the original 95 patients pre-
sented for their 4-5 month follow-up visit. The average
VAS score for the absorbable group was 79 (95%, CI 73-
85), and 66 for the non-absorbable group (95%, CI 55-
76). Surgical scar revision was recommended to three
patients at the long-term follow-up visit: two in the
absorbable group, and one in the non-absorbable group.
No patients chose to have their scars revised.

■ COMMENTARY BY ANDREW PERRON, MD, 
FACEP, FACSM
“You’re going to close the skin with what?!” When a

resident first proposed closing a pediatric laceration with
absorbable suture, I responded with the above phrase,
and certainly with a look on my face that let him know
that was a ridiculous plan. I remember the reply was that
it was done all the time on his plastic surgery rotation,
but it would be fine to practice old-fashioned medicine
and close with nylon. Frightened that I was becoming
one of those attending physicians who hadn’t bothered
to keep up with the latest developments in my specialty, I
went to the literature and found a total of five articles on
the topic, none of which were published in the emer-
gency medicine literature. I went back to the resident
and said I would reserve judgment until I saw a well
done prospective study in emergency medicine literature
to support the practice. I now have that study.

This prospective study, although not overwhelming in
numbers, was conceived carefully, applied appropriately,

and followed up adequately. It provides the answers I
need to incorporate this technique into my practice.
Can I use it on a pediatric ED population? Yes. Is
there an increased risk of infection? No. Is there a
short- or long-term cosmetic disadvantage to the
patient? No.

If I could improve anything in this study, it would be
two areas. First, the large number of patient refusals (52
of 147 eligible patients): More than a third of patients
approached were not enrolled. A limited post-hoc analy-
sis of that group by the authors did not detect any sample
bias, but it remains a concern. Second, only 63 of the 95
total patients enrolled were re-examined at the four-
month follow-up visit. One can play the what-if game by
asking: What if the group with absorbable sutures who
were lost to follow-up did so because the patients all had
such horrendous cosmetic results that they sought their
own plastic surgeons, and those with nonabsorbable
sutures did not? That question is unanswerable. Overall,
I plan to use this article to change my practice in the ED
starting with the next pediatric laceration I see. And if
anyone asks, I’ll cite this article as my justification.   ❖

New Vestibular Neuritis
Treatment Targets Assumed
Etiologic Link to Herpes
A B S T R A C T  &  C O M M E N T A R Y

Source: Strupp M et al. Methylprednisolone, valacyclovir, or
the combination for vestibular neuritis. N Engl J Med 2004;
351:354-361.

After benign positional vertigo, vestibular
neuritis is the most common cause of peripheral

vestibular vertigo, with an estimated incidence 
of 3.5 per 100,000 in one study.1 If it is indeed a mani-
festation of the reactivation of herpes simplex virus
type 1 infection, then corticosteroids, antiviral agents,
or a combination of the two may improve the out-
come. This study approached the problem using a
prospective, randomized, double-blind, two-by-two fac-
torial trial in which patients with acute vestibular neuritis
were assigned randomly to treatment with placebo,
methylprednisolone, valacyclovir, or methylpre-
nisolone plus valacyclovir. Vestibular function was
determined by caloric irrigation, with the use of the
vestibular paresis formula to measure the extent of uni-
lateral caloric paresis within three days after the onset of
symptoms and 12 months afterward. According to the
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authors, the diagnosis of vestibular neuritis was based
upon four criteria: 1) acute or subacute (i.e., within min-
utes to hours) onset of severe, prolonged rotatory verti-
go, nausea, and postural imbalance; 2) horizontal spon-
taneous nystagmus with a rotational component toward
the unaffected ear (fast phase) without evidence of a cen-
tral vestibular lesion; 3) an ipsilateral deficit of the hori-
zontal semicircular canal on the head-thrust test (per-
formed by turning the patient’s head quickly to the right
and left to elicit compensatory eye movements); and 4) a
perceived displacement of verticality and the eyes rotat-
ed toward the affected ear without showing vertical diver-
gence of one eye above the other.

There were four randomly assigned treatment groups:
placebo, methylprednisolone, valacyclovir, and methyl-
prednisolone-plus-valacyclovir. Methylprednisolone (or
a matching placebo) was administered in a tapering,
daily dose as follows: a single morning dose of 100 mg
on days 1 through 3; 80 mg on days 4 through 6; 60 mg
on days 7 through 9; 40 mg on days 10 through 12; 20
mg on days 13 through 15; 10 mg on days 16 through
18; and 10 mg on days 20 and 22. Valacyclovir (or
matching placebo) was given for a week as two 500-mg
capsules three times daily. The study drugs were first
administered to all subjects on the day of admission,
which was within three days after the onset of symp-
toms. Interestingly, patients also received 50 to 150 mg
of dimenhydrinate a day for a maximum of three days.
The list of exclusionary conditions was extensive, but
properly insured that symptoms were specifically from
vestibular neuritis. All patients were admitted to the
hospital for at least one to seven days until they were
able to walk unassisted with their eyes closed.

Of a total of 141 patients who underwent randomiza-
tion, 38 received placebo, 35 methylprednisolone, 33
valacyclovir, and 35 methylprednisolone plus valacy-
clovir. At the onset of symptoms, there was no difference
among the groups in the severity of vestibular paresis.
The mean (+/-SD) improvement in peripheral vestibular
function at the 12-month follow-up was 39.6 % (+/-28.1)
in the placebo group, 62.4 % (+/-16.9) in the methyl-
prednisolone group, 36.0 % (+/-26.7) in the valacyclovir
group, and 59.2 % (+/-24.1) percentage points in the
methylprednisolone-plus-valacyclovir group. The num-
ber of patients who had complete or partial recovery was
8 of 30 in the placebo group, 22 of 29 in the methylpred-
nisolone group, 10 of 27 in the valacyclovir group, and
22 of 28 in the methylprednisolone-plus-valacyclovir
group. That difference statistically favored the use of
methylprednisolone but not valacyclovir for patients
with vestibular neuritis. There were adverse effects: one
patient with a bleeding ulcer, two patients with hyper-
glycemia, and five patients with mood swings in the

methylprednisolone groups; no adverse effects occurred
in the placebo or valacyclovir-only group.

■ COMMENTARY BY RICHARD HAMILTON, MD, 
FAAEM, ABMT
This study is well constructed and clearly points to a

therapeutic value for steroids in vestibular neuritis. I
am a little curious about the effect that dimenhydri-
nate had on symptoms, but this is not reported despite
the fact that it is a potential confounder to the data.
The large and sustained dose of methylprednisolone, the
frequent complications, and the authors’ meticulous
evaluation and screening of the patients suggest that
this is a therapy that should be initiated in consulta-
tion with a neurologist and requires admission to a
hospital. However, there is much room for an ED-
based study that evaluates the role of shorter courses and
smaller doses of steroids for this condition. ED physi-
cians should be aware of this new therapy and consult an
informed neurologist to consider this treatment for
patients suffering from acute vestibular neuritis.   ❖

References
1. Sekitani T et al. Vestibular neuronitis: Epidemiological

survey by questionnaire in Japan. Acta Otolaryngol
Suppl 1993;503:9-12. 

Midazolam vs Haloperidol vs
Lorazepam in the Chemical
Restraint of Agitated Patients
A B S T R A C T  &  C O M M E N T A R Y

Source: Nobay F et al. A prospective, double-blind, random-
ized trial of midazolam versus haloperidol versus lorazepam
in the chemical restraint of violent and severely agitated
patients. Acad Emerg Med 2004;11:744-749.

The pharmacologic profile of midazolam, a
short-acting benzodiazepine, led the authors to

hypothesize that this drug would compare favorably with
lorazepam and haloperidol in the sedation of violent and
severely agitated patients in the ED. All patients in the
study were violent and/or agitated, and were eligible if
they initially did not respond to physical restraints.
Exclusion criteria included appropriate hemodynamic
and cardiorespiratory parameters, age younger than 18
years, pregnancy, or study drug allergy. A convenience
sample of 111 patients was randomized to receive a sin-
gle intramuscular injection of lorazepam 2 mg (27
patients), haloperidol 5 mg (42 patients), or midazo-
lam 5 mg (42 patients); interim analysis demonstrated
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that lorazepam was associated with significantly longer
times to sedation and awakening; therefore, it was 
removed as a study arm. Rescue drugs could be given at
the discretion of the treating physician after 20 minutes
(leading to termination of that patient’s enrollment). 

The mean time to sedation was faster in the midazo-
lam group (18 ±14 min) than in the lorazepam (32 ± 20
min) or haloperidol (28 ± 25 min) groups. Correspond-
ingly, the mean time to arousal was shorter with midazo-
lam (82 ± 66 min) than with lorazepam (217 ± 107 min)
or haloperidol (126 ± 85 min). As mentioned,
lorazepam was dropped from the study due to poorer
performance, but analysis of the difference between
times to sedation and recovery with midazolam vs.
haloperidol favored the former: 9.9 min (95%, CI =
0.5-19.3, P = 0.04) for time to sedation, and 44.6 min
(95%, CI 9-80, P = 0.025) for time to arousal. A res-
cue drug was administered to seven patients in the
lorazepam and midazolam groups, and eight patients
in the haloperidol group, suggesting equivalent effica-
cy among the agents. Cardiorespiratory monitoring of
patients during the study revealed no difference in key
parameters. The authors conclude that intramuscular
midazolam is superior to haloperidol and lorazepam in
the sedation of violent and/or agitated patients with
regard to time to sedation and arousal.

■ COMMENTARY BY RICHARD HARRIGAN, MD
Most ED physicians either have given or received the

patient at shift turnover who has yet to wake up from
chemical sedation in the ED necessitated by violent, agi-
tated behavior. As the incoming physician, it is always
disconcerting to receive such patients at sign-out. Pes-
simistically, the incoming team ruminates about the
potential for developing occult pathology masked by this
type of sedation, while the outgoing team reassures them
how wild the patient was, and that “s/he will be fine after
s/he wakes up.” Yet, it is well known how important and
valuable chemical sedation is to the expedited manage-
ment of the violent/agitated patient, so the quest for a
better mousetrap continues.

And why not use midazolam? The authors provide lit-
erature that supports its safety and efficacy in this
domain, and indeed it seems to have performed well in
this study. One-size-fits-all dosing could be criticized,
but as the authors point out, accurate weight-based dos-
ing is not feasible when confronted with the violent/agi-
tated patient. Prior survey work by the authors had
revealed that haloperidol and lorazepam were “often
used as single sedating agents.” They stopped short of
saying they were the most often used agents—although
they are in my experience. Prior research has shown that
a combination of haloperidol and lorazepam works bet-

ter than either one alone in achieving adequate sedation
of violent, agitated ED patients, but time to arousal was
not specifically addressed in this study.1 

It is worth noting that the relatively large standard
deviations from the mean times to sedation and arousal
suggest a lot of overlap here. Similarly, the data suggest
that midazolam brings sedation roughly 10 minutes
faster than haloperidol and achieves return to the arousal
state approximately 45 minutes faster than haloperidol.
However, the confidence intervals are wide and again
suggest there is much overlap. A larger study that will
evaluate times to sedation and arousal in three groups
(midazolam, haloperidol, and midazolam plus haloperi-
dol) would be interesting.   ❖

References
1. Battaglia J et al. Haloperidol, lorazepam, or both for

psychotic agitation? A multicenter, prospective, double-
blind, emergency department study. Am J Emerg Med
1997;15:335-340.

Special Feature
Glycoprotein IIb-IIIa
Receptor Inhibitors: 
Applications in the ED

By William J. Brady, MD

The glycoprotein IIb-IIIa receptor inhibitor
(GPI) agents represent a relatively recent addition to

the therapeutic armamentarium employed in the treat-
ment of the patient with acute coronary syndrome
(ACS). During platelet stimulation, surface receptors are
activated, particularly the membrane glycoprotein IIb-
IIIa receptors. Those receptors represent the final com-
mon pathway for platelet activation and ultimate aggre-
gation. Once activated, the glycoprotein IIb-IIIa recep-
tors allow the various circulating factors (von Wille-
brand factor and fibrinogen) to link into a chain-like
arrangement; this linked-chain formation ultimately
results in platelet adhesion and clot. 

Three agents in this class currently are used widely:
abciximab, eptifibatide, and tirofiban. Abciximab was
the first such GPI to be studied in large clinical trials.
As a monoclonal antibody specific for the glycoprotein
IIb-IIIa receptor, it provides prolonged inhibition of
platelet aggregation even after cessation of drug infu-
sion. Numerous trials have demonstrated its effective-
ness in ACS patients. Yet, only a subset of these patients
actually derives benefit from its application—the patient
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who is managed with percutaneous coronary interven-
tion (PCI) with or without intracoronary stent. The EPIC
trial investigated the effect of the drug in high-risk unsta-
ble angina and acute myocardial infarction (AMI)
patients scheduled for PCI. Results demonstrated a 35%
reduction in mortality rate, recurrent MI, and need for
unplanned rescue therapies (e.g., surgical revasculariza-
tion, repeat PCI, and intraaortic balloon pump place-
ment), balanced by an increase in hemorrhagic compli-
cations.1 The EPILOG trial further evaluated the effect
of abciximab in ACS patients who had undergone inva-
sive coronary interventions; the investigators noted a
68% reduction in death or nonfatal MI in the treatment
group with a lower incidence of major bleeding episodes
than in the EPIC study.2 In the GRAPE study, which
investigated the use of GPI in patients scheduled for
urgent PCI, increased rates of thrombolysis in myocar-
dial infarction (TIMI) grade 3 flow were noted in the
abciximab group.3

Eptifibatide, a synthetic peptide, prevents binding of
fibrinogen to the glycoprotein IIb-IIIa receptor; that
antagonism blocks platelet aggregation and subse-
quent thrombus formation. The IMPACT-AMI inves-
tigators reported the results in acute MI patients who had
received fibrinolytic agents and varying doses of eptifi-
batide (i.e., non-mechanical means of reperfusion).4 The
investigators noted an increase in TIMI grade 3 flow at
90 minutes with similar rates of death, recurrent MI, and
the need for revascularization procedures. In the
IMPACT-II trial, ACS patients scheduled for PCI
demonstrated a modest reduction in the rate of revascu-
larization, acute MI, or death at 30 days; that modest
benefit was lost at six months.5 Tirofiban is a synthetic,
nonpeptide, shorter-acting GPI with a similar mecha-
nism of action to eptifibatide. Recent trials did not
demonstrate significant benefit in unstable angina
patients in cardiac ischemic events at 30 days (PRISM
trial),6 and found benefit limited to angiographic vari-
ables (e.g., intracoronary thrombus burden, improved
perfusion grade, and decreased severity of obstruction)
in the PRISM-PLUS trial.7

Recent work has confirmed the most appropriate use
of GPI in the AMI patient—the patient scheduled for
PCI with or without intracoronary stenting. Results
from the GUSTO IV trial revealed that abcixamab did
not alter the rate of death or recurrent MI at one month in
patients with ACS, although hemorrhagic complications
occurred more often in the active treatment groups.8 A
meta-analysis of GPI use in ACS patients reinforces this
conclusion—patients who undergo PCI benefit marked-
ly from glycoprotein inhibitor administration, although
other ACS groups do not derive significant benefit from 

its application.9 As such, the American College of Cardi-
ology/American Heart Association has provided the fol-
lowing guidelines: Class I (evidence and/or general con-
sensus treatment is effective) — GPI should be given, in
addition to aspirin and heparin, to patients in whom PCI
is planned; Class IIa (conflicting evidence and/or a
divergence of opinion regarding effectiveness, but
weight of evidence/opinion favors efficacy)—GPI
should be given to patients already receiving heparin,
aspirin, and clopidogrel in whom PCI is planned; Class
IIa (conflicting evidence and/or a divergence of opinion
regarding effectiveness, but weight of evidence/opinion
favors efficacy) — eptifibatide or tirofiban should be
given to patients with continuing ischemia, an elevated
troponin, or with other high-risk features (in addition to
aspirin and heparin) in whom an invasive management
approach is not planned; and Class IIb (conflicting evi-
dence and/or a divergence of opinion regarding effec-
tiveness, and efficacy less well established by evidence
and/or opinion) — eptifibatide or tirofiban, in addition to
aspirin and heparin, may be given to patients without
continuing ischemia who have no other high-risk fea-
tures and in whom PCI is not planned.10 ❖
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Physician CME Questions
21. Considering the results of the study about contrast-induced

renal failure, all of the following statements are true except:
a. Hydration with sodium bicarbonate after contrast exposure is

more effective than hydration with sodium chloride in the pre-
vention of contrast-induced renal failure.

b. Sodium bicarbonate is thought to interrupt oxidant injury
caused by free radicals in the renal medulla.

c. A serum creatinine level must be interpreted with respect to
the patient’s  age, sex, body mass, and race to accurately
reflect a patient’s renal function. 

d. The incidence in contrast-induced nephropathy was 13.6% in
the sodium chloride group and 1.7% in the sodium bicarbon-
ate group.   

22. In a recent study comparing wound closure methods of 
pediatric lacerations, absorbable suture was _________ to 
nonabsorbable suture with regard to wound cosmesis.
a. superior 
b. inferior 
c. equivalent 

23. Which of the following electrocardiographic/clinical acute
coronary syndrome scenarios has been shown to benefit from
glycoprotein IIb-IIIa receptor inhibitor (GPI) therapy?
a. Acute anterior ST-segment elevation/managed with 

fibrinolysis

b. Acute T-wave inversion/elevated serum troponin managed
medically

c. Acute inferior lead ST-segment depression/aspirin, heparin,
and placement of an intracoronary stent.

d. New left bundle-branch block/positive serum troponin with
pulmonary edema

24. Which of the following therapies recently was found to be 
useful in the treatment of vestibular neuritis?
a. Methylprednisolone
b. Valacyclovir
c. Methylprednisolone plus valacyclovir
d. Doxycycline

25. Results from a recent study of drugs used for sedation in 
violent, agitated ED patients revealed that:
a. midazolam achieved faster mean times to sedation and arousal

than did lorazepam, but not haloperidol.
b. midazolam achieved faster mean times to sedation and arousal

than did lorazepam and haloperidol.
c. haloperidol achieved faster mean times to sedation and arousal

than did lorazepam and midazolam.
d. all three drugs performed equivalently with regard to time to

sedation and arousal.

Answer Key:  
21. a 
22. c 
23. c 
24. a 
25. b

CME Objectives
To help physicians: 

• Summarize the most recent significant emergency medicine-

related studies;

• Discuss up-to-date information on all aspects of emergency

medicine, including new drugs, techniques, equipment, trials, 

studies, books, teaching aids, and other information pertinent

to emergency department care; and

• Evaluate the credibility of published data and recommendations.

CME Instructions
Physicians participate in this continuing medical education pro-

gram by reading the article, using the provided references for further

research, and studying the questions at the end of the article. Partici-

pants should select what they believe to be the correct answers, then

refer to the list of correct answers to test their knowledge. 

To clarify confusion surrounding any questions answered incor-

rectly, please consult the source material. After completing this activ-

ity, you must complete the evaluation form that will be provided at

the end of the semester and return it in the reply envelope provided to

receive a certificate of completion. When your evaluation is received,

a certificate will be mailed to you.
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In Future Issues: B-Natriuretic Peptide in Acute, ST-Segment Elevation 
Myocardial Infarction

By Ken Grauer, MD

ECG Review
Afib with PVCs?

Clinical Scenario: The computerized interpretation
for the ECG in the Figure read, “Atrial fibrillation with
PVCs (premature ventricular contractions).” Do you
agree?

Interpretation/Answer: The rhythm is rapid and
irregularly irregular. However, it is not atrial fibrillation.
Although not readily apparent in many leads, P waves are
indeed present. The rhythm strip at the bottom of this trac-
ing emphasizes the importance of assessing an adequate
number of beats before deciding on the true nature of the
rhythm. Even in a lead II monitoring lead (as shown
here), P waves are not always apparent in all parts of the
tracing. 

Instead, overview of the entire rhythm strip is needed
to confirm the presence of multiple P-wave shapes
throughout the tracing. The rhythm is therefore multifocal
atrial tachycardia (MAT), supported by the information
that this patient has emphysema. The two widened com-
plexes in lead V1 (beats X, X’-corresponding to beats Y,

Y’ in the rhythm strip) almost certainly are not PVCs.
Instead, these beats appear to be early occurring
supraventricular impulses that are conducted with aberra-
tion. The rSR’ pattern with a taller right ‘rabbit ear’ in
lead V1 is consistent with a right bundle-branch block
(RBBB) morphology that is the most common form of
aberrant conduction. 

In further support of our impression that these beats are
conducted aberrantly, supraventricular impulses rather
than PVCs is the apparent finding of a premature P wave
preceding beat X in lead V1—despite the artifact present
in this lead, the preceding T wave looks especially peaked
and pointed—and the underlying rhythm itself. The rapid
ventricular response of the MAT rhythm seen here predis-
poses to the occurrence of multiple early beats, some of
which are likely to occur during the relative refractory
period.   ❖

Figure. ECG obtained from a 55-year-old man with heart failure and emphysema. 
Do you agree with the computerized interpretation?



Cervical spine injuries, although uncommon (0.9-6% of blunt
trauma patients),1-5 have the potential to result in permanent neu-
rologic devastation for the patient. Appropriate suspicion for cer-
vical spine injury, immobiliza-
tion, and the decision to obtain
radiographic imaging are all
important aspects of the acute
care of an adult who has sus-
tained a blunt traumatic injury
(as discussed in Part 1 of this
series); but the responsibilities
of emergency department
(ED)/trauma physicians do not
end with the decision to obtain
radiologic imaging.

The physician must then
decide the most appropriate ini-
tial imaging modality (plain
radiographs, computerized
tomography [CT], or magnetic
resonance imaging [MRI]) for the patient and when an ade-
quate evaluation has been performed. Understanding the indica-
tions, advantages, and limitations of each radiographic modality
is critical to obtaining a diagnostic evaluation that effectively
identifies or excludes a cervical spine injury.

This issue presents the physician with a thorough discussion
of the imaging alternatives available and facilitates clinical deci-
sion-making for diagnostic imaging. The author also provides a

comprehensive discussion of the evaluation of a patient with a
potential ligamentous injury to the cervical spine.

—The Editor

Introduction
Although cervical spine

injury is uncommon, the impli-
cations of a missed injury are
profound and may result in
many serious complications for
the patient and the physician. In
one series, missed spinal
injuries were responsible for
3% of malpractice claims and
9% of total dollars paid in
claims.6 A portion of these
missed injuries resulted from
inaccurate interpretation of
radiographs or failure to obtain
the appropriate imaging re-

quired to make the diagnosis. Trauma care providers must have a
thorough understanding of imaging modalities, their indications,
and more importantly, their limitations. Alternatives available
include plain radiographs, CT, and MRI. Formulating an imaging
approach to a patient with a potential cervical spine injury allows
the trauma care provider to achieve an accurate diagnosis in a
timely manner with minimal risk to the patient. Understanding
the roles and risks with flexion-extension radiographs and fluo-
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roscopy allows the trauma care provider to accurately identify
ligamentous injury to the cervical spine, without placing the
patient at risk for neurologic complications.

Radiographic Cervical Spine Clearance 
Plain Films vs Computed Tomography. Although there is

increasing consensus among clinicians as to which patients re-
quire cervical spine imaging, extensive variation still exists in the
approach.1 Once the decision to perform radiographic clearance
has been made, the question remains: What study should I order:
plain radiography, CT, or both? The ideal strategy is one that
accurately and inexpensively identifies all cervical spine injuries.
Unfortunately, no current approach singularly fits that bill.

Conventional radiography remains the most commonly
employed approach to traumatic spine assessment in most hospi-
tals in the world.7 Most trauma physicians agree that at least a
three-view series (i.e., lateral, open mouth, and anteroposterior)
is the minimally acceptable standard for radiographic evaluation
of most blunt trauma patients. A consensus agreement among
emergency physicians, radiologists, and trauma surgeons states

that, in an alert patient with cervical tenderness in the absence of
neurologic injury, an adequate three-view series is sufficient for
excluding cervical spine injury.8 The addition of oblique views
(five-view series) to improve sensitivity and improve detection of
the lateral and posterior spinal elements adds little to the overall
evaluation and simply prolongs the diagnostic work-up of these
patients.9 However, the swimmer’s or oblique view may improve
visualization of the cervico-thoracic junction when the lateral
view fails to display these areas adequately.10 The routine addi-
tion of flexion-extension views to the standard plain films is not
necessary unless there is specific concern for ligamentous injury. 

A single lateral view of the cervical spine is insensitive for
excluding cervical spine injury. A survey of more than 100 hospi-
tals in the mid-1990s revealed that 33% of their physicians were
clearing the cervical spine using only lateral radiographs.11 As
many as 15-46% of cervical fractures were missed when cross-
table lateral radiographs solely were used to exclude cervical
spine injury.6,11,12

Although obtaining plain radiography is inexpensive, poses a
low radiation risk, and is available widely, it has several distinct
limitations and disadvantages. The diagnosis of significant cervi-
cal spine injury using plain films in the severely injured or un-
conscious patient is challenging. In many cases, the cervico-cra-
nium (C

1
-C

2
) and cervicothoracic junction (C

7
-T

1
) are shown

inadequately, or the quality of the portable films is poor. Plain
films are repeated in almost 50-70% of those patients to obtain a
complete study.13,14 The result is more time lost, additional x-rays
taken, and higher cost.15,16 Moreover, the frequency of inadequate
or false-positive plain radiographs increases with injury severity.16

In recent years, the diagnostic efficacy of cervical plain radi-
ographs for demonstrating and excluding injury has come under
increasing scrutiny. Results from a number of studies have ex-
posed the limitations of conventional radiography. Fractures that
are clearly evident on CT are not always evident on plain films.
In a series comparing plain films with CT, Woodring and Lee
showed that plain films revealed only 33% of all fractures and
55% of subluxations or dislocations.11 They also found that 23%
of patients (half of whom had unstable injuries) initially were
diagnosed as normal.11 Nunez et al found that 42% of injuries
were not seen on plain films, including 10 patients with unstable
fractures.14 When pooling the data from several retrospective
series (recognizing potential design limitations), the overall sen-
sitivity of plain films in detecting cervical spine injury is only
53%, while that of CT is 98%.6,14,17-19

The availability of such an effective imaging strategy raises
the question: Shouldn’t everyone be screened using CT? The ini-
tial role of cervical CT was an adjunct to plain films, not a
screening tool. CT was reserved for further delineation of areas
suspicious for injury and areas poorly defined on plain films.20-22

However, the widespread use of this imaging modality led to the
identification of fractures and subluxations not readily apparent
on plain film radiographs.

Helical CT represents an advance from the older approach of
single acquisition CT. Advantages of helical CT include faster
acquisition and image reconstruction times, reduction of arti-
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facts, and a higher quality of reformatted and three dimensional
images.23 In the multiple-trauma patient, helical CT can assess
several body regions in less time. Before helical CT, the time
required for the scan itself and heating and cooling of the tube
made screening of the entire cervical spine impractical.24

Rather than adopting CT as the primary screening modality,
an early approach advocated limited use of CT to examine por-
tions of the spine that were anatomically difficult to see on plain
films, such as the cervicocranial and cervicothoracic junctions.25

These guidelines recommended standard plain radiography sup-
plemented by regional CT of the cervicocranium and areas of
suspicion. However, results of a recent study revealed that the
approach would have missed 71% (29/41) of injuries that occur-
red below the C

2
level and did not show up on plain films.17

Some centers routinely obtain cervical spine CT in all patients
who are getting a CT scan of the head or body. That practice is
supported by several small studies and is in keeping with the
most recent American College of Radiology (ACR) Guidelines
(2002), which recommend cervical spine CT in patients with
paresthesias, altered level of consciousness, and in whom cranial
CT will be obtained.8 When CT of the head and cervical spine
are obtained together, the overall time for cervical spine evalua-
tion was reduced by an average of 17 minutes, and the estimated
additional cost was only $184.42 per patient.6,18,26-28 That app-
roach also identified a significant number of fractures (occipital
condyle fractures and C

1
/C

2
fractures) not seen on plain films.29 

An additional advantage of obtaining a cervical spine CT is its
ability to provide information about surrounding anatomical
structures. In one series, other injuries were detected in 9% of
patients undergoing CT of the cervical spine, including fractures
of the upper thoracic spine, proximal ribs, mandible, and skull
base.30 Small, apical pneumothoraces and airway injuries also
may be detected.26

Considering the ease of obtaining a CT, the time saved, and
the diagnostic sensitivity, there is a propensity to use it routinely
for cervical spine clearance instead of conventional radiography.
Advantages of helical CT compared with plain radiographs

include improved accuracy and faster diagnosis; disadvantages
include greater expense and higher radiation doses.19,30 It is well
known that the risk of thyroid cancer increases with radiation
exposure, especially in children.18,31,32 Estimates of radiation risk
from a complete cervical CT scan vary depending upon the tech-
nique and type of scanner. Rybicki et al found that helical CT
exposed the thyroid to 14 times the radiation of standard cervical
spine plain radiographs, even when accounting for the need for
repeat radiographs.33

With the radiation risk and cost of CT in mind, a number of
authors have attempted to define high-risk patients who should
be screened primarily with cervical CT.6,18,26,30,34 High-risk
patients as described by Hanson and Blackmore are patients with
a probability of cervical spine injury exceeding 5-10%.26,30 This
definition included patients suffering a high-energy mechanism
injury or presenting with a high-risk clinical parameter.30,34 (See
Table.) In their small prospective study, Berne et al defined high-
risk patients as those who had an altered mental status, were
unconscious, or required an admission to an intensive care unit.18

Screening high-risk patients with CT has been shown to be cost-
effective, time efficient, and clinically efficacious.15,35

Although Blackmore et al did not find CT to be cost-effective
in low-risk patients (less than 4% chance of injury),35 Griffin et al
suggest there is a growing body of evidence that CT should
replace plain films for the screening evaluation of the cervical
spine in all blunt trauma patients.17 In their recent, retrospective
review of 1,199 trauma patients, they found that plain radio-
graphs—interpreted as normal by the radiologists without rec-
ommendation for further radiography—failed to identify 41 of
116 cervical spine injuries detected by CT. A number of factors
made it difficult to draw any firm conclusions from their study:
1) the retrospective nature of data collection; 2) types of injuries
missed (including transverse process and spinous process frac-
tures); 3) types of patients evaluated (including patients with
neurologic deficits or deaths); and 4) absence of missed injuries
(patients with normal plain films still were scanned). Before
adopting a strategy of screening all patients with CT, further
prospective research is needed. 

Before abandoning plain films completely, it is important to
understand that screening radiography is not intended to detect
every cervical spine injury.36 Rather, when plain films reveal an
injury or area of suspicion, or prove to be inadequate, other
modalities such as CT or MRI should be used to evaluate for cer-
vical spine injuries. In a review of 34,069 patients screened with
plain radiography, Mower et al found that screening radiography
only missed three injuries associated with spinous instability, or
one unstable injury for every 11,000 screening evaluations.36

No radiological modality—including CT— is 100% sensitive
in the detection of cervical spine injuries. Brohi et al describe a
patient with a C

6
-C

7
bilateral facet dislocation missed on CT

scan.37 Schenarts et al revealed that CT had a sensitivity of 96%
and missed three injuries seen on plain films (an atlanto-occipital
dislocation and two subluxations).19 They also describe the case
of a patient with a C

4
fracture—missed on both CT and plain

films—who suffered a severe neurologic injury after removal of
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Table. Harborview High-Risk Criteria

The presence of any of the following criteria indicates a subject at
sufficiently high risk to warrant the initial use of CT to evaluate the
cervical spine.

•  High-energy injury mechanism, including high-speed (> 35
mph) motor vehicle or motorcycle crash, motor vehicle crash
with a death at the scene, fall from height greater than 10 feet.

•  High-risk clinical parameter, including significant head injury
(i.e., intracranial hemorrhage or unconsciousness in emergency
department), neurologic signs or symptoms referable to the 
cervical spine, pelvic or multiple extremity fractures.

Adapted from: Hanson JA, et al. AJR Am J Roentgenol 2000;174:
713-717.
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Figure 1. Cervical Spine Fracture Missed by Computed Tomography (CT)

Figure 1A: Sagittally reformatted CT image of the cervical
spine showing multilevel disc degeneration, but no apparent
bony injury.

Figure 1B: Normal axial CT through the inferior aspect of the
C6 vertebral body.

Figure 1C: Lateral extension radiograph of the cervical spine
in the same patient reveals a fracture of the anteroinferior
aspect of the body of C6.

Images courtesy of Kathryn Stevens, MD, FRCR, BSc(hons).

Figure 1D: Magnified view of the fracture through the C6

vertebral body.
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the cervical collar. Berne et al showed that helical CT of the
entire cervical spine had a sensitivity of 90% and missed two sta-
ble injuries (a ligamentous injury and spinous process fracture).18

The rationale for missed ligamentous injuries on CT is that mod-
erate subluxation may be noted only when evaluating the spine in
profile.23 Though the addition of the lateral radiograph allows for
detection of fractures or subluxation that might be subtle or over-
looked on axial CT images (See Figure 1.), the improved tech-
nology of multi-detector scanners and reformatting may make
this practice unnecessary.38 

The identification of a cervical spine injury on plain films or
CT mandates evaluation of the remainder of the cervical spine
and the thoracic and lumbosacral spine to exclude concomitant
spinal injuries.37 The incidence of multiple level, non-contiguous
fractures has been reported to be 15-24%.39,40 Recent use of MRI
reveals that percentage could be much higher (42%).41

Magnetic Resonance Imaging. MRI has several advantages
as an imaging modality: high-resolution capabilities; the lack of
ionizing radiation; multiplanar imaging capabilities; and the abil-
ity to visualize soft-tissue structures including intervertebral
discs, ligaments, and the spinal cord. Disadvantages of MRI
include prolonged acquisition time, impaired monitoring abili-
ties, and several absolute contraindications (e.g., pacemakers,
aneurysm clips, and metallic foreign bodies). In addition, MRI is
not available universally, and patient transfer might be required
to obtain this study.

In the acute trauma patient with potential cervical spine in-
jury, the indications for MRI as part of the ED evaluation in-
clude: 1) complete or incomplete neurologic deficits with radio-
graphic evidence of fracture or subluxation; 2) neurologic
deficits not explained by plain films or CT findings (i.e., spinal
cord injury without radiographic abnormality [SCIWORA]); 3)
deterioration of neurologic function; and 4) suspicion of liga-
mentous injury following inadequate or negative flexion-exten-
sion film findings.42

Will MRI replace CT as the primary adjunct to plain film
imaging? The ability of MRI to visualize cervical spine fractures
(in addition to spinal cord and soft-tissue injuries) has been vari-
able.43-44 Holmes et al found that MRI missed 45% of osseous
fractures identified on CT.45 While MRI is clearly superior to CT
in identifying spinal cord and ligamentous injuries, CT remains
the preferred adjunct to plain radiography for the identification of
bony injuries.

Diagnosis of Ligamentous Injury
Awake and Alert Patients. Patients without cervical spine

fractures still may harbor unstable ligamentous injuries. Al-
though the prevalence of isolated ligamentous injury in the
absence of a cervical spine fracture is thought to be low—a
reported frequency of 0.04-0.2% in all blunt trauma patients—
the consequences of a missed ligamentous injury can be devastat-
ing for the patient.46,47 The true incidence of such injury is actual-
ly unknown; a gold standard for such diagnosis currently does
not exist. Although traditional cervical spine radiography is use-
ful for detecting fractures and subluxation, the detection of liga-
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Figure 2. Swimmer’s View and Dynamic
Fluoroscopy in a Patient with a Potential
Spine Injury

Figure 2A. Swimmer’s view shows C6-C7 vertebral bodies.
Figure 2B. Fluoroscopic image of extension test shows abnor-
mal angulation and anterior widening of C6-C7 interspace.

Reprinted with permission from Robert KQ et al. South Med J.
2000;93:974-976.
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mentous injury is less precise.48 For that reason, a patient with
normal cervical spine radiography still may remain in a cervical
collar until his or her ligaments can be cleared clinically or defin-
itive imaging is obtained. 

If a patient has negative results on radiographic studies, is
alert and awake, and denies neck pain, the cervical spine is con-
sidered clear. However, the persistence of cervical pain while ini-
tial radiographs are normal requires the exclusion of ligamentous
injury. While ligamentous injury may be inferred on the basis of
an injury seen on CT or plain radiographs, the possibility of liga-
mentous injury causing instability in the absence of fracture may
be excluded through the use of flexion-extension films or MRI. 

Flexion-extension radiographs generally are obtained by ask-
ing an upright patient to actively flex and extend the neck during
cervical spine imaging. This action should be performed only by
patients under their own power; the physician should never
forcibly assist the patient with flexion or extension. Flexion-
extension radiographs should be obtained only in awake, alert,
cooperative patients without neurologic symptoms or deficits.
Under those circumstances, the risk of neurologic compromise
produced by flexion and extension of the cervical spine is very
unlikely. When performed voluntarily by the patient, no serious
adverse events have been reported.37,43,48-51

The goal in interpreting flexion-extension radiographs is to
identify or exclude signs of soft-tissue ligamentous injury, such
as abnormal subluxation, angulation, or uncovering of facet
joints.52,53 However, following an acute injury, pain associated
with motion or muscle spasm may limit a patient’s ability to flex
and extend adequately. A patient must have a range greater than
30° in each direction from the neutral position for flexion-exten-
sion radiographs to be considered adequate.54 The inability to
flex and extend adequately may lead to masking of abnormalities
(e.g., subluxation) and result in false-negative studies. Results
from a number of series have revealed that 28-59% of flexion-
extension radiographs obtained in acutely injured patients were
deemed inadequate.53,55-57

For that reason, the practice of obtaining flexion-extension
radiographs in the acutely traumatized patient has been ques-
tioned by numerous studies.53,57-60 Most recently, the American
College of Radiology stated in its guidelines that those views in
general are not very helpful and should be reserved for follow up
of symptomatic patients 7-10 days after initial injury.8 In such
cases, patients are discharged with a semi-rigid collar and pain
medications, and asked to return when they can cooperate active-
ly for flexion-extension radiographs. In a case series by Wilberg-
er et al, 8 of 62 patients (13%), who returned 2-4 weeks after ini-
tial flexion-extension films for a repeat set, had significant liga-
mentous instability requiring cervical fusion.55 

Do flexion-extension radiographs have any role in the acutely
injured patient? Rather than completely abandoning them, a logi-
cal approach may be to screen the patient first for the ability to
flex and extend the neck adequately. In patients with an adequate
range of motion (i.e., greater than 30° in each direction from the
neutral position), films may be warranted. In such patients with
adequate mobility and negative radiographs, the cervical spine

would be cleared effectively. This strategy is supported by the
findings of Insko et al, who found that in patients with adequate
imaging, flexion-extension radiographs had a false-negative rate
of 0%.57

In cases of inadequate flexion-extension radiographs, patients
also may be studied with an MRI to exclude ligamentous in-
juries. A negative MRI in the first 48 hours post injury com-
bined with normal plain films and/or CT is sufficient to clear a
patient. 

Obtunded Patients. The evaluation of ligamentous injury in
the obtunded or intoxicated individual is somewhat more diffi-
cult. In these patients, a detailed neurologic examination often is
not feasible, and the physical exam may be unreliable. For that
reason, obtunded, impaired, or distracted patients should not
have flexion-extension studies performed in the ED, as such a
practice is unsafe and potentially dangerous. 

However, obtunded patients who are admitted to the hospital
and subject to prolonged immobilization are at risk for detrimen-
tal consequences. Prolonged application of a cervical collar in
obtunded patients has been associated with skin ulceration, inter-
ference with care of neck and shoulder wounds, difficulty with
the placement of central lines, increased risk of aspiration, and
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Figure 3. Adult SCIWORA

Figure 3. MRI image revealing spinal cord contusion in a
patient with spinal canal narrowing at C5-C6 and an osteo-
phyte causing mild impression on the thecal sac. There
was no evidence of ligamentous injury or prevertebral
hematoma. The patient’s CT scan revealed no acute frac-
tures or dislocation.

Image courtesy of S.V. Mahadevan, MD.



patient discomfort.56,61,62 Additionally, the use of cervical collars
alone is not sufficient for immobilizing the cervical spine.63,64

For those reasons, clearance of the cervical spine and removal
of the collar should be performed in a timely manner. No clear
consensus exists as to how to evaluate these patients, and practice
varies greatly as to how to exclude ligamentous injury.1 If a
patient shows clinical improvement, has a clear sensorium, and
can be examined reliably, then a ligamentous injury could be
excluded either clinically or with flexion-extension radiographs.
In a patient who remains obtunded, recommendations vary from
removal of the collar after 24 hours in patients with normal radi-
ographs, to indefinite immobilization in the cervical collar, to
MRI and dynamic flexion-extension under fluoroscopy.47

MRI is highly sensitive for the recognition of ligamentous
injuries, identifying soft-tissue injuries in 25% of obtunded
patients with negative radiographs.51,65 MRI has the added benefit
of being able to exclude spinal cord injuries. A negative MRI
study within 48 hours of injury implies the absence of ligamen-
tous injury. However, MRI may be overly sensitive for the detec-
tion of ligamentous injuries and may reveal injuries of unclear
clinical significance.56 In addition, MRI may not be feasible in
unstable patients due to prolonged scanning times and impaired
monitoring abilities.62

Dynamic fluoroscopy may be used to evaluate for ligamen-
tous injury in obtunded patients who are not candidates for MRI
due to contraindications or instability. (See Figures 2A and 2B).
Unlike MRI, this test may be performed in the critical care unit.37

Unfortunately, dynamic fluoroscopy often is labor intensive and
has the potential to induce secondary neurologic injury. Active
flexion-extension under fluoroscopy places patients at risk for
neurologic impairment due to subluxation at non-visualized seg-
ments or disc abnormalities not demonstrated by radiographs or
CT.66 There are reports of patients who developed quadriplegia
following dynamic fluoroscopic evaluation.47,67

Due to the exceedingly low incidence of isolated ligamentous
instability in obtunded patients with normal radiography, some
authors have suggested that the cervical spine can be cleared
with an adequate lateral view of the cervical spine and a helical
CT from the occiput to T

4
with sagittal and coronal reconstruc-

tions.56 That practice has yet to be validated in a large clinical
trial and is in contrast to the most current Eastern Association for
the Surgery of Trauma (EAST) Guidelines.68

Spinal Cord Injury without Radiographic 
Abnormality (SCIWORA)

Pang and Wilberger defined the term SCIWORA (spinal cord
injury without radiographic abnormality) in 1982 to describe a
syndrome of post-traumatic neurologic injury without evidence
of fracture or ligamentous instability on plain radiographs or
CT.69 Although this syndrome classically is associated with chil-
dren—playing a role in as many as 50% of pediatric spinal cord
injuries—it also may occur in adults.46,62-77 While the clinical pre-
sentations of this syndrome in children and adults may be simi-
lar, the hypothesized mechanisms by which they occur differ.

In the pediatric population, highly elastic ligaments in the

juvenile spine are thought to allow transient intersegmental verte-
bral dislocation followed by spontaneous reduction, resulting in
damage to the spinal cord, but a normal-appearing, bony verte-
bral column.71 Adult patients with degenerative cervical spine
conditions and stenosis of the spinal canal also are at risk for
SCIWORA. In such patients with pre-existing cervical spon-
dylitic changes, hyperextension can lead to pinching of the spinal
cord between vertebral osteophytes and the inward bulging of the
ligamentum flavum. (See Figure 3.) However, Bhatoe reported
another mechanism for SCIWORA in young adult patients who
lacked features of pre-existing cervical spine disease.78 He con-
cluded that acute stretching of the spinal cord from hyperflexion
and torsional strain leads to SCIWORA in these patients. 

Patients with SCIWORA often present with profound or pro-
gressive paralysis, either immediately or within 48 hours of a
traumatic incident. While a significant number of patients have
demonstrable neurologic deficits at time of presentation, others
may present with transient or delayed symptoms. Pang et al
found that almost 52% of the patients in their study with SCI-
WORA had a delayed onset of neurologic deficits ranging from
30 minutes to 4 days.70 A number of these children had transient
warning symptoms immediately following their trauma that had
been ignored initially.70 The observation of delayed deterioration
by different investigators highlights the importance of screening
patients for SCIWORA warning signs, such as transient weak-
ness, paresthesias, numbness, shock-like sensations, or focal
clumsiness following a traumatic event.71,79 Although the initial
neurologic exam may be unremarkable, frequent patient re-
assessment may detect an evolving neurologic condition. Results
from one study showed that several adult patients had normal ini-
tial neurologic exams and later developed neurologic deficits.46

Hendey et al in their review of the NEXUS database found
that the NEXUS criteria also were useful in identifying all 27
patients with SCIWORA.77 The criteria may have a role in identi-
fying patients at reduced risk for SCIWORA, although that has
not been validated prospectively. 

When Pang and Wilberger originally defined SCIWORA,
MRI did not exist.80 With its advent, some authors note that the
term SCIWORA now may be a misnomer because most patients
actually have a demonstrable radiographic spinal cord abnormal-
ity seen on MRI.74 MRI has revealed such findings as spinal cord
hemorrhage or edema, intervertebral disc herniation, and spinal
cord transection. Occasionally, the MRI may be normal. 

In their series, Pang and Wilberger reported that the primary
predictor of neurologic outcome in SCIWORA was the present-
ing neurologic status.69 More recent studies have revealed that
the appearance of the spinal cord on MRI provides better prog-
nostic information regarding the patient’s ultimate neurological
outcome.79 A normal-appearing spinal cord (i.e., absence of sig-
nal change) portends an excellent outcome; the presence of
edema or microhemorrhages without frank hematomyelia (hem-
orrhage into the spinal cord) is associated with significant im-
provement of neurologic function over time; and the presence of
hematomyelia or cord transection is associated with severe, per-
manent neurologic injury.80-82
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Conclusions
The evaluation and clearance of the cervical spine in adult

trauma patients are challenging and evolving aspects of trauma
care. Trauma care providers should have a thorough understand-
ing of risk factors for cervical spine injury, techniques for pro-
tecting patients from exacerbation of their injuries, advances in
the practice of clinical and radiographic clearance of the cervical
spine, and the diagnosis of such conditions as isolated ligamen-
tous injury and SCIWORA syndrome. 

With adequate training, improved detection, and proper care,
physicians can prevent the life-altering complications of cervical
spine injury such as neurologic injury, severe disability, and death.

Special thanks to Kathryn Stevens, MD, FRCR, BSc (hons),
Assistant Professor of Radiology, Department of Radiology, Stan-
ford University School of Medicine, for her contributions to this
article.
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CE/CME Questions
1. Which of the following statements is true regarding the role of com-

puterized tomography (CT) in evaluating patients for cervical spine

injury?

A. CT of the cervical spine may be able to detect cervical spine 

injuries not readily apparent on plain radiographs.

B. CT of the cervical spine should be obtained in all blunt trauma 

patients to exclude injury.

C. CT is highly sensitive for the detection of ligamentous injury.

D. CT imaging of the cervical spine poses a lower radiation risk to 

patients than plain radiographs.

2. Which of the following statements is true regarding plain radio-

graphs of the cervical spine? 

A. A single lateral view is sufficient to exclude cervical spine 

injury.

B. The routine addition of oblique views (five-view series) signifi-

cantly improves the sensitivity.

C. The routine addition of flexion-extension views is not indicated 

unless there is specific concern for ligamentous injury.

D. The frequency of inadequate or false-positive films decreases 

with injury severity.

3. Which of the following is not an indication for cervical spine MRI as

part of the ED evaluation?

A. Cervical spine fracture or subluxation with neurologic deficit

B. Suspected Spinal Cord Injury without Radiographic Abnormali-

ty (SCIWORA)

C. Deterioration in neurologic function

D. Suspicion of cervical spine ligamentous injury

E. All of the above are indications for MRI.

4. Which of the following statements is true regarding flexion-

extension films?

A. Flexion-extension films are obtained while the clinician actively 

flexes and extends the neck of the acutely injured patient.

B. Flexion-extension films may be obtained safely in obtunded or 

comatose patients.

C. Flexion-extension films are extremely efficient in completely 

excluding ligamentous injury in the acutely injured patient.

D. Flexion-extension films are unlikely to produce neurologic 

injury when obtained in the alert, cooperative patient.

5. Spinal Cord Injury without Radiographic Abnormality (SCIWORA):

A. is an entity only found in the pediatric patient.

B. occurs in adults by the same mechanism as in children.

C. often presents with profound or progressive paralysis either 

immediately or within 48 hours.

D. may be excluded with an initial normal neurologic examination.

6. Which of the following statements is not true regarding plain 

radiographs for a patient with a potential cervical spine injury?

A. Plain radiographs are inexpensive.

B. Plain radiographs in the severely injured or unconscious patient 

are all that is needed to exclude a spinal injury.

C. Frequently, the cervicocranial area is viewed inadequately on a 

plain radiograph.

D. Plain radiographs are repeated in almost 50-70% of severely 

injured or unconscious patients to obtain an adequate study.

7. Which of the following is an advantage of helical CT vs single

acquisition CT?

A. Faster image acquisition

B. Faster image reconstruction times

C. Reduction of image artifacts

D. Higher quality reformatted and three-dimensional images

E. All of the above

8. Which of the following statements is true regarding the initial use of

CT to evaluate the cervical spine?

A. High-risk clinical parameters, including a history of loss of 

consciousness, warrant the initial use of CT scan to evaluate the 

cervical spine.

B. High-energy mechanisms, warranting the initial use of CT scan 

for the evaluation of the cervical spine, include high-speed (> 35 

mph) motor vehicle or motorcycle crashes.

C. High-energy mechanisms, warranting the initial use of CT scan 

for the evaluation of the cervical spine, include a fall from 8 feet.

D. High-risk clinical parameters include a history of amnesia for 

the event following a fall from 6 feet.

9. A 35-year-old male presents to the ED following a motorcycle crash.

He is unconscious and has a GCS score of 10. The patient was intu-

bated in the field with appropriate spinal immobilization, which has

been maintained. Following stabilization of the patient, which of the

following would be the best initial test to evaluate the cervical spine?

A. Flexion-extension radiographs
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B. Oblique plain radiographs of the cervical spine

C. MRI

D. CT scan of the cervical spine

10.A 38-year-old female presents after a fall from a chair. She has a

GCS score of 15 and no neurologic deficits. The initial radiographs

(lateral, anterioposterior, and open-mouth view) are read by the radi-

ologist as normal. She is complaining of neck pain. The patient has

less than 30° of motion in both flexion and extension from the neu-

tral position. The next step should be to:

A. administer diazepam and actively flex and extend the neck.

B. obtain a CT scan of the cervical spine.

C. discharge the patient in a semi-rigid collar with careful instruc-

tion and follow-up.

D. have the physician forcibly assist the patient during flexion-

extension radiographs to obtain adequate radiographs.

Answer Key:
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