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1 Abstract—Background: Pediatric trauma patients with
cervical spine (CS) immobilization using a cervical collar
often require procedural sedation (PS) for radiologic imag-
ing. The limited ability to perform airway maneuvers while
CS immobilized with a cervical collar is a concern for emer-
gency department (ED) staff providing PS. Objective: To
describe the use of PS and analgesia for radiologic imaging
acquisition in pediatric trauma patients with CS immobili-
zation. Methods: Retrospective medical record review of
all trauma patients with CS immobilization at a high-
volume pediatric trauma center was performed. Patient de-
mographics, imaging modality, PS success, sedative and
analgesia medications, and adverse events were analyzed.
Patients intubated prior to arrival to the ED were excluded.
Results: A total of 1417 patients with 1898 imaging encoun-
ters met our inclusion criteria. A total of 398 patients
required more than one radiographic imaging procedure.
The median age was 8 years (range 3.8-12.75 years).
Computed tomography of the head was used in 974 of the
1898 patients (51.3%). A total of 956 of the 1898 patients
(50.4%) required sedatives or analgesics for their radio-
graphic imaging, with 875 (91.5%) requiring a single seda-
tive or analgesic agent, and 81 (8.5%) requiring more than
one medication. Airway obstruction was the most common
adverse event, occurring in 5 of 956 patients (0.3%). All im-
aging procedures were successfully completed. Conclusion:

Only 50% of CS immobilized, nonintubated patients
required a single sedative or analgesic medication for their
radiologic imaging. Procedural success was high, with few
adverse events. © 2019 Elsevier Inc. All rights reserved.

[0 Keywords—radiologic imaging; cervical spine immobili-
zation; pediatric trauma; sedatives; analgesics

INTRODUCTION

Despite the low overall incidence of cervical spine (CS) in-
juries in children, a cervical collar is frequently placed to
immobilize the spine in trauma patients presenting to the pe-
diatric emergency department (ED) (1-3). Children with CS
immobilization frequently require radiologic imaging due to
subtle and unreliable physical examination findings (4). Dif-
ficulties in obtaining an accurate trauma history and inability
to perform an accurate neurologic examination due to age or
distraction are also challenges that may make radiologic im-
aging necessary (5-7).

Despite concerns about ionizing radiation exposure,
computed tomography (CT) is the imaging modality of
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choice in trauma due to the high sensitivity for detection
of hemorrhages and fractures (8—10). However, image
acquisition in this cohort may necessitate sedation and
analgesics due to pain, anxiety, or need for
immobilization to acquire quality images. Limited
studies have described the use of procedural sedation
(PS) in patients with CS immobilization with a cervical
collar. The primary objective of this study was to
describe the use of PS and analgesia for radiologic
imaging of children at a regional trauma center with CS
immobilization. The secondary objective was to assess
procedural success and adverse events.

METHODS

This study is a retrospective medical record review of sed-
atives and analgesics for patients with CS immobilization
from January 2015 to January 2017. Medical record data
were obtained via trained medical records and business in-
telligence specialists, who worked directly with the pri-
mary researchers and statisticians. They are blinded to
patient name and any other information other than the de-
mographic variables of direct interest. They were indepen-
dent and not directly involved with the study design or
interpretation of the final results. The study statistician
advised on data fields and integrity of the data abstraction.
Our Institutional Review Board (IRB# 14-052) approved
this retrospective study with a waiver of consent.

Patient Selection

Our institution has two separate campuses, each at a
different location. One campus is a Level I trauma center
and the other is a Level II trauma center. Annually, the
Level I trauma center sees approximately 80,000 patients,
and the Level II trauma center sees approximately
100,000 patients. Of this total patient volume, approxi-
mately 10-12% are trauma related.

Data were collected via electronic medical records for
all trauma patients from birth to 21 years with CS immo-
bilization. “Trauma patients” were defined as ED patients
with International Classification of Diseases, Ninth Revi-
sion (ICD-9) or ICD-10 trauma diagnoses as identified
in Table 1. Patients were classified as “cervical spine im-
mobilized” if a cervical collar was placed at any point
prior to acquisition of radiologic images. The cervical col-
lar remained in place for the duration of imaging acquisi-
tion. Patients who were endotracheally intubated either in
route or on arrival to the ED were immediately excluded
from this study. Data extracted included demographics
(age, weight, sex), imaging studies performed, and pri-
mary diagnoses. Sedatives and analgesics used, whether
alone or in combination, were recorded. Adverse events
were noted and included cardiac arrest; airway obstruc-

tion, including laryngospasm and aspiration; and the
need for emergency anesthesia consultation. No patients
were excluded due to missing chart data, namely missing
demographic information, imaging study performed, sed-
atives/analgesics required, or missing primary diagnosis.

Sedation Team

At our institution, sedatives and analgesics are adminis-
tered by pediatric emergency medicine fellowship-
trained physicians who are credentialed in providing
deep PS. Sedations are performed on an urgent or emer-
gent basis within the ED. The sedation team includes
the pediatric emergency physician, the sedation nurse,
and the bedside nurse. The ED sedation nurse is respon-
sible for sedation and analgesic medication administra-
tion and patient monitoring, whereas the ED sedation
bedside nurse is responsible for assisting the physician
performing the procedure. Our institution follows the
American Academy of Pediatrics guidelines on PS (11).

Sedation Process

When a patient in a cervical collar was deemed to require
sedation or analgesia, a presedation assessment was per-
formed by the pediatric emergency physician and the
ED sedation nurse. In this population, sedation/analgesia
is often required for prolonged imaging, immobility, anx-
iety, or pain control. Any patients with a difficult airway,
extensive facial fractures, morbid obesity, or cardiopulmo-
nary instability were not provided sedation in the ED and
were either referred to the Anesthesiology Department or
had their procedure completed with an advanced airway.
Patients selected for sedation were given medications at
the bedside and then transported to the Radiology Depart-
ment for imaging. When deep sedation was required with
propofol, the physician administered propofol and re-
mained at the patient’s bedside until imaging was
completed and propofol administration was stopped. All
patients are monitored per the American Academy of Pe-
diatrics sedation guidelines (11).

Outcome Measures and Definitions

The outcome measures (defined below) are the occur-
rence of sedation-related adverse events associated with
each sedation encounter and the interventions required
for the same.

Sedation-related adverse events have been previously
published and are also briefly described in the Appendix
(12-15).

We have also used the following previously published
definitions for sedation-related adverse events related to
sedation practice.
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Table 1. Demographic Data*

Characteristic Finding
Total number of radiologic procedures 1898
Total number of patient encounters 1417
Age median (range), y 8 (3.8-12.75)
Age, y
<1 173 (9.1)
1-2 201 (10.6)
3-4 214 (11.3)
5-6 203 (10.7)
7-8 242 (12.8)
9-11 318 (16.8)
>12 547 (28.8)
Sex
Male 773 (40.7)
Female 1125 (59.3)
Weight, (median) kg 30.5
Primary diagnosis
Head injury 507 (26.7)
Neck injury 86 (4.5)
Abdominal injury 60 (3.2)
Spinal injury 9 (0.5)
Chest injury 5(0.3)
Other injuryt 1231 (64.9%)

* Data are presented as number (percentage) of radiologic pro-
cedures unless otherwise indicated.

T “Other injury” includes primary motor vehicle crash, multiple
trauma nonspecific, gunshot wounds, pedestrian vs. automobile
crashes, falls, facial injury, and bicycle injury.

Sedation-related minor events. Sedation-related minor
events are events that are easily managed by the health
care professional. These events are not expected during
sedation, yet have low potential to cause irreversible
harm to the patient. They may or may not require inter-
ventions such as providing jaw thrust, oxygen, airway
suctioning, or positive pressure ventilation.

Sedation-related  adverse events. Sedation-related
adverse events are events that can cause serious irrevers-
ible neurologic damage to the patient and always require
intervention. Adverse events include airway obstruction,
cardiac arrest, laryngospasm (defined as complete or
near-complete lack of air movement, with respiratory
effort or stridor not relieved by chin repositioning or
nasal/oral airway), aspiration, increased level of care or
unplanned hospital admission, and need for emergency
anesthesia consultation.

Sedation failure. Sedation failure is the inability to com-
plete the procedure or imaging due to a sedation-related
cause.

Statistical Analysis

Descriptive statistics were calculated for all variables of
interest, including counts, percentages, medians, and in-
terquartile ranges. Wilcoxon rank-sum tests were used
to compare continuous variables. Statistical analyses

were performed using SAS statistical software, version
9.4 (SAS Institute, Inc., Cary, NC). Statistical signifi-
cance was considered to be p < 0.05 unless otherwise
specified.

RESULTS

Patient Demographics

A total of 1417 patients with 1898 imaging encounters
met our inclusion criteria. The median age was 8 years
(range 3.8-12.75 years), and 773 (40.7%) were male.
The most common primary diagnosis was head injury,
occurring in 507 of the 1898 patients (26.7%). Patient
characteristics and demographic data are given in Table 1.

Type of Radiologic Imaging

A total of 1898 radiologic procedures were reported. A
total of 398 patients required more than one radiographic
procedure. This was often due to multisystem trauma that
required multiple CT scans (Figure 1). The most common
radiologic imaging type reported was CT of the head in
974 of the 1898 patients (51.3%) (Table 2).

Sedation or Analgesic Requirements

Of the total 1417 patients who met inclusion criteria,
only 696 (49.1%) required sedatives or analgesics. Of
the total 1898 procedures documented, 956 (50.4%)
required some form of a sedative or analgesic, with
875 (91.5%) requiring a single sedative or analgesic
agent and 81 (8.5%) requiring more than one medica-
tion. Table 3 provides information on sedation medica-
tions, by procedure.

Sedation-Related Adverse Events

Nine total sedation-related adverse events were recorded
(Table 4). The most common adverse event noted was up-
per airway obstruction, occurring in 5 patients (0.3%),
followed by hypoxia/desaturation in 3 patients (0.2%)
and hypotension with impaired perfusion in 1 patient
(0.1%). Of the 5 patients with noted upper airway
obstruction, all had a primary or secondary head injury
diagnosis. Airway readjustment and oral airway/nasopha-
ryngeal tube placement were the most common sedation-
related interventions recorded, occurring in 4 patients
(0.2%) each. Blow-by oxygen, continuous positive
airway pressure, and bag-valve-mask oxygen were
required in 1 patient each. No emergency airway inter-
ventions, anesthesia consultation, cardiac arrests, or
deaths were documented. All procedures were successful
using PS or analgesia.
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Total Patient Encounters
N=1417

Total Sedation Encounters

Total Imaging Encounters

Multiple Imaging Encounters

N =956 N=1898 N =398
Single Agent Combination
Medications Medications
N =875 N= 81

Figure 1. Flow chart of total patient encounters and total imaging encounters.

DISCUSSION

Placement of a cervical collar and use of cervical collar
precautions for the significantly trauma-injured child
are routinely performed (4). Although the overall inci-
dence of CS injuries in children is < 2%, the mortality
rate can be as high as 18-28% (16). This study describes
the use of sedation or analgesic medications for radio-
logic imaging of pediatric trauma patients who have CS
immobilization in cervical collars. Our study informs
readers that PS or analgesia can be provided to patients
with CS immobilization with a very low incidence of
adverse events and a high success rate.

Any child in a cervical collar requiring CS immobili-
zation can make airway management challenging, due to
the need to minimize or avoid manipulation of the CS
(17). Airway management in CS-immobilized or -injured
children can be further complicated by the tendency to
develop hypoxia, which can be worsened by the use of
any sedative or analgesic agent. Frequent airway manip-
ulation techniques increase the risk of secondary neuro-
logic complications (18).

During PS, airway obstruction is the most common
adverse event necessitating repositioning of the airway,
commonly accomplished with the jaw thrust maneuver
(14,19). Airway obstruction that requires airway
repositioning using the jaw thrust maneuver or other
interventions in patients with CS immobilization
undergoing imaging PS can be concerning for the ED
staff. However, as shown by our study, most trauma

patients with CS immobilization who need PS or
sedating analgesic agents require only one agent, with
low rates of adverse events and a high success rate.

It is not surprising that none of the patients in our study
required jaw thrust maneuvers, which we speculate is
attributable to the placement of the cervical collar, which
itself provides a prophylactic jaw thrust that may help
prevent obstruction of the airway (19-21). Our study
also found that most patients with CS immobilization
can complete their imaging procedure without deep
sedation with propofol, and most studies are completed

Table 2. Imaging Type

No. (%) of Procedures

Imaging Type (n=1898)
CT head 974 (51.3)
CT abdomen/pelvis 262 (13.8)
MRI maxillofacial 224 (11.8)
CT spine/cervical spine 160 (8.4)
MRI spine/cervical spine 88 (4.6)
CT maxillofacial 66 (3)
MRI head 57 (3)
CT angiogram (head, neck, chest, 43 (2)

extremity)

CT chest 5(0.3)
MRI neck 2 (0.1)
Other* 17 (0.9%)

CT = computed tomography; MRI = magnetic resonance imag-
ing; MRA = magnetic resonance angiography; MRV = magnetic

resonance venography.

* Other: MRI chest, MRl pelvis, CT pelvis, MRA neck, CT extrem-

ity, MRA/MRV head.
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Table 3. Medication Agents Used in Patients Requiring a
Sedative or Analgesic Agent

Medication No. (%) of Patients

Single-agent medications (n = 875)
Fentanyl 447 (5
Morphine 348 (3!
Versed 40 (4
Ativan 17 (1
Propofol 17 (1
Ketamine 0 (O

Combination medications (n = 81)

Morphine + Fentanyl 4
Midazolam + Fentanyl 1
Propofol + Fentanyl

Midazolam + Morphine

Propofol + Fentanyl + Midazolam

Ketamine + Fentanyl

Ketamine + Fentanyl + Morphine

Ativan + Fentanyl

Dexmedetomidine + Midazolam
Dexmedetomidine + Morphine

Propofol + Midazolam

Propofol + Ketamine

Propofol + Ketamine + Morphine

Propofol + Ketamine + Fentanyl

Propofol + Fentanyl + Morphine

Fentanyl + Midazolam + Morphine
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using narcotics or benzodiazepines. Fentanyl and
morphine were the most commonly used single agents.
Fentanyl and morphine followed by fentanyl along with
midazolam were the most common combination agents.
It is possible that these agents were given more for pain
control, with added benefit of immobilization. A
potential  advantage of using narcotics  or
benzodiazepines is the ability to use a reversal agent
such as naloxone or flumazenil, if the patient should
become apneic. In addition, these shorter-acting anal-

Table 4. Adverse Events and Interventions

z
o

Event
Upper airway obstruction
Hypoxia/desaturation
Hypotension with impaired perfusion
Failed sedation
Increased level of care
Emergent anesthesia consult
Emergent airway intervention
Aspiration
Laryngospasm
Unplanned hospital admission
Cardiac arrest
Intervention
Airway readjustment/jaw thrust
Oral airway/nasopharyngeal tube insertion
Blow-by oxygen
Continuous positive airway pressure (CPAP)
Bag-valve-mask oxygen
Emergent airway intervention
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gesic or sedation agents may be more desirable for shorter
imaging procedures, such as CT scans, making them
desirable in the ED due to their shorter recovery period.

As expected, upper airway obstruction was the most
common sedation-related adverse event (12). The low
adverse event rate is likely explained by the use of a sin-
gle narcotic agent or combination of a narcotic and a
benzodiazepine, which likely results in a moderate level
of sedation (22).

Cravero et al. describe a similarly low rate of sedation-
related adverse events in patients requiring deep sedation
without CS immobilization (19). In this 2009 study, more
than 49,000 deep sedation encounters are described,
namely with propofol as the main sedation agent. Opioids
and benzodiazepines were the most common adjunct
medications. The overall rate of adverse events is low.
Airway obstruction rates, specifically, were also very low.

None of our patients received ketamine as a single
sedation agent. Ketamine may be an appropriate single-
agent choice for painful procedures in the emergency
setting, rather than radiographic imaging, because it
may not provide the required level of immobility. Keta-
mine is often a first-line choice as a single sedation agent
for painful pediatric procedures, such as laceration and
orthopedics repairs due to its analgesic and amnestic
properties (23).

A small population of patients in our study required
the use of propofol for completion of their imaging
studies. These patients required sedation for longer imag-
ing times, such as with magnetic resonance imaging.
Magnetic resonance imaging of the face was the third
most common imaging study reported in our patient pop-
ulation. Propofol has a documented success rate of more
than 98%, specifically, for magnetic resonance imaging
scans that may make it more desirable for longer, emer-
gent imaging studies (14,24).

Despite the recent studies of the use of dexmedetomi-
dine in radiologic imaging and the added benefit of dex-
medetomidine’s role in maintenance of airway and tone,
only a small number of our patients received this medica-
tion (25,26). It is possible that prolonged duration of
induction and increased time to discharge may be
reasons that dexmedetomidine was not used for PS in
our study. Recent reports of the use of intranasal
dexmedetomidine, with decreased hemodynamic
adverse  events compared  with  intravenous
dexmedetomidine, may warrant further investigation of
the use of this drug in trauma patients (27).

Limitations
There are several limitations to this study. We used a

retrospective study design that was largely observational.
Although the data represent the practice of a single
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institution, the institution has one of the largest pediatric
emergency medicine programs in the country. As such,
this study informs health care professionals, especially
in community EDs, that PS or analgesia can be success-
fully administered in patients with CS immobilization
who require various imaging modalities using traditional
agents such as opioids and benzodiazepines, with mini-
mal adverse events. Our team is highly organized and
trained in moderate and deep sedation. In the ED, moder-
ate and deep sedation is administered by fellowship-
trained pediatric emergency physicians. In addition, a
sedation service is also staffed by pediatric anesthesia,
pediatric critical care, and pediatric emergency medicine
providers, who are available for consultation. These phy-
sicians also provide procedural sedation services on an
outpatient basis as needed at both campuses. We caution
that community ED staff providing PS needs adequate
training to anticipate, prevent, and manage airway events
despite the low frequency noted in our study.

In addition, it is difficult to know the desired or in-
tended level of sedation vs. the level of sedation that was
achieved. However, with high success rates, we can as-
sume that most patients reached a level of sedation, anxiol-
ysis, and pain control required for the specific imaging
when only a single agent was used, or moderate sedation
when a combination of medications was used. We have
no data on continuous hemodynamic monitoring or end-
tidal dioxide values, although any significant change in
blood pressure with impaired perfusion is reported.

CONCLUSION

Pediatric trauma patients with CS immobilization can be
successfully sedated for imaging procedures with a very
low incidence of adverse events. Most patients can suc-
cessfully complete their procedure using a single sedative
or analgesic. Traditional sedative agents such as opioids or
benzodiazepines are often useful sedation or analgesic op-
tions. Health care professionals need to be trained in early
recognition and management of airway obstruction, which
is the most common adverse event seen in this cohort.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jemermed.2019.06.048.
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ARTICLE SUMMARY
1. Why is this topic important?

In the trauma setting, children are often placed in cervi-
cal spine precautions to both immobilize and protect the
spine. This often necessitates radiographic imaging. Seda-
tion or analgesia is often required to complete these pro-
cedures due to pain, anxiety, or both. There are few
studies that address analgesia or sedation medication
types, adverse events, and procedure success.

2. What does this study attempt to show?

The completion of radiographic imaging where
sedating medications are given and a cervical collar in
place can make management and manipulation of the
airway difficult. This study attempts to describe a large
population of cervical spine-immobilized patients at a
regional pediatric trauma center. Patient demographic
data, imaging data, types of medications used, and
adverse events are described in detail.

3. What are the key findings?

This study shows that pediatric patients who may
require either analgesia or sedation while cervical spine
immobilized can complete their procedures successfully.
Over 90% of the patients who required a sedating agent
completed their procedure with a single agent.

4. How is patient care impacted?

This study informs health care professions, whether in
pediatric, adult, or community settings, that analgesia or
sedation can be administered with success to children
who are cervical spine-immobilized. Traditional agents
such as opioids and benzodiazepines can be used success-
fully, with few documented adverse events.
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