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Abstract The role of radiographic imaging and ultrasound (US) in decision-making during the early management of the polytrauma patient has increased significantly
in the last decade based on technological advancements
and ongoing research. With the introduction of faster and
more capable computed tomography scanners as well as
portable US machines, individuals responsible for the care
of the trauma patient have more information than ever to
guide perioperative care and operative decisions. This has
led to the implementation of Damage Control Radiology (DCRad) in the early resuscitation and treatment of
these patients. In this review, we focus on the current literature surrounding applications of US and other radiographic imaging in the early management of the trauma
patient. This includes reviews of the Focused Assessment
with Sonography in Trauma (FAST) and Extended-FAST
(E-FAST) exams with an emphasis on their applicability,
sensitivity, and specificity in the setting of blunt and penetrating trauma as well as their ability to predict the need
for an operative intervention. Additionally, we will briefly
review the role of US for airway management, and vascular
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access. Relevant to anesthesiologists managing patients
with potential cervical spine injury, we will also review
recommendations regarding radiographic clearance of the
cervical spine in the obtunded patient. Finally, we will
discuss early detection and management of patients with
blunt cerebrovascular injury in the early perioperative
period.
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Introduction
The early evaluation of the traumatically injured patient
increasing relies on imaging to guide early management
and operative decisions. Through an understanding of the
integration of radiologic studies, including ultrasound
(US), into the decision-making process, the anesthesiologist involved in the resuscitation and perioperative care of
the trauma patient can better participate in their treatment.
This includes the concept of damage control radiology
(DCRad). Originally described in the military setting, the
goals of DCRad include (1) rapid identification of lifethreatening injuries including active hemorrhage, (2)
identification or exclusion of significant head or spinal
injuries, and (3) rapid triage of patients with thoracic or
abdominal injuries to the operating room or interventional
radiology suite as appropriate [1•].
From the anesthesiologist’s perspective, several issues
surrounding the perioperative management of the trauma
patient can be addressed through radiographic and US
imaging including the concepts outlined in DCRad. These
issues include the following:
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(1)

(2)

(3)
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Identification of life-threatening injuries such as
massive hemothorax, pneumothorax, or pelvic fracture during the primary survey with the combined
clinical exam and radiographic imaging (portable digital chest and pelvic radiographs);
Identification of free abdominal fluid or pericardial
tamponade on the Focused Assessment with Sonography in Trauma (FAST) US scan that might necessitate an operative intervention;
Evaluation for other unidentified or suspected injuries
with multi-slice ([64) whole-body computed tomography (CT) scan;
(a)

Radiographic clearance for the presence of
cervical spine injuries or presence of traumatic
brain injury;
(b) Identification of solid organ injury or retroperitoneal hemorrhage in the setting of blunt
trauma;
(c) Early identification of blunt cerebrovascular
injury (BCVI);
(4)
(5)

Establishment of intravenous access guided by US;
Evaluation of ongoing resuscitation through a focused
transthoracic US cardiac assessment.

In this review, we focus on the current literature surrounding applications of US and other radiographic imaging in the early management of the trauma patient. This
includes reviews of the FAST and Extended-FAST (EFAST) scans with a focus on their applicability, sensitivity,
and specificity in the setting of blunt and penetrating
trauma as well as their ability to predict the need for an
operative intervention. Additionally, we will briefly review
the use of US for airway evaluation and vascular access.
Relevant to anesthesiologists managing patients with
potential cervical spine injury, we will also review recommendations regarding radiographic clearance of the
cervical spine in the obtunded patient. Finally, we will
discuss early detection and management of patients with
BCVI in the early perioperative period.

Point-of-Care US in Trauma
Screening, or focused US examination, of trauma patients
has been performed for nearly thirty years, first gaining
widespread acceptance in Europe then in the United States
[2]. US examinations of specific, high yield areas of the
abdomen, pelvis, and heart has become the basis of the
classic FAST exam. More recently, a wider examination of
the thorax was included to become the E-FAST exam.
Beyond the trauma-specific aspects of the FAST and
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E-FAST exams, US has been used to perform intracranial
pressure assessments, cardiac evaluations, hemodynamic
measurements, regional anesthesia, endotracheal tube
placement confirmation, and vascular access. All of these
clinical applications have direct applicability to the practice of anesthesiology, particularly in the perioperative
management of the traumatically injured patient. As
demonstrated by Ramsingh and colleagues at the University of California, Irvine, these skills can be acquired
during residency training and their application in the
perioperative setting can affect clinical management in a
significant percentage of patients [3••].
FAST Exam
The classic FAST exam is essentially a search for traumainduced blood/fluid collections. It includes views of both
flanks, the pelvis and the heart. The perisplenic, perihepatic
and pelvic retrocystic/retrouterine areas are examined with
a 3–5 MHz curved, phased array probe as these are the
typical sites for intraperitoneal fluid collections observable
by US. The focused cardiac examination readily shows the
presence of pericardial effusions that, in the setting of
trauma, and especially in the hemodynamically unstable patient, should be considered blood.
The right flank examination proceeds with the probe
placed laterally along the midaxillary line in the 8th to 10th
intercostal space, parallel to the long axis of the body. The
US beam is then directed through the liver towards the
right kidney to identify perihepatic fluid collections such as
that seen in Fig. 1. Gradual movements to the mid-clavicular line provide scanning of the area between the dome
of the liver and the right hemidiaphragm, Morison’s pouch
and the right perinephric area. In order to minimize rib
shadowing, the probe may be rotated in a counterclockwise
fashion to fit more readily between the adjacent ribs where
needed.
The left flank examination mirrors the right and is
directed through the spleen towards the left kidney. Scanning of this area allows detection of infradiaphragmatic,
perisplenic, and perinephric fluid collections. Identification
of the diaphragm helps ensure correct identification of the
spleen as well.
The pelvic portion of the examination is performed with
the probe placed perpendicular to the skin in the midline
just above the pubic symphysis, with the beam parallel to
the long axis of the body. A full bladder facilitates this
exam by providing a readily recognized, fluid-filled anatomic structure that acts as an excellent US window. Fluid
collections are sought behind the bladder and/or uterus
(pouch of Douglas).
The cardiac examination is typically performed from the
subxiphoid area (Fig. 2). This is an excellent view to

Curr Anesthesiol Rep (2016) 6:79–88

81

proceeding from cardiac base to apex. The apical
4-chamber view may also be utilized by placing the probe
just lateral to the point of maximal impulse aimed towards
the right scapula and shoulder with the beam perpendicular
to the bed.
Clinical Application of FAST

Fig. 1 Ultrasound image of intraperitoneal fluid beneath the liver
during FAST exam

Fig. 2 Subxiphoid image of the heart, utilizing the liver as an
acoustic window. Left atrium (LA), left ventricle (LV), right atrium
(RA), and right ventricle (RV)

evaluate pericardial effusions for signs of cardiac tamponade and the cardiac structures. The probe is placed just
below the xiphoid process and aimed towards the left
posterior shoulder/scapula with the plane of the beam
nearly parallel to the sternum. From this point, scanning
movements can provide images of the heart, the pericardial
space, the inferior vena cava, and the liver. Significant
pressure may be required to visualize the heart and pericardial space and may not be tolerated by the patient with
abdominal tenderness. In this case, the left parasternal
views are utilized. The probe is placed perpendicular to the
skin at the left sternal border in the 4th–6th intercostal
space. The probe marker is then directed towards the right
shoulder for a long axis view of the heart. The probe is then
rotated 90 clockwise for a short axis view with the scan

The FAST or E-FAST exam is typically performed on all
polytrauma patients during the primary survey to address
potential life-threatening injuries. When performed as
described above, it can be accomplished rapidly with a
high degree of specificity and sensitivity for detecting free
fluid in the abdomen [4]. In the context of trauma, the
finding of free fluid in the abdomen with penetrating
trauma will almost always necessitate operative exploration without the need for further evaluation. In a recent
review of US examination in penetrating trauma, Quinn
et al. found the FAST exam had a high specificity
(94.1–100 %) but lower sensitivity (28.1–100 %) for
diagnosing intraperitoneal or pericardial fluid collections
when compared to CT, local wound exploration, diagnostic
peritoneal lavage, or exploratory laparotomy [5]. They
concluded that a positive FAST exam associated with
penetrating trauma should prompt exploratory laparotomy,
whereas a negative FAST exam should proceed to further
evaluation. Proceeding in this manner allows a more rapid
progression to definitive care while at the same time
decreasing radiation exposure which is significant in
trauma patients with high Injury Severity Scores.
In the setting of blunt trauma, however, the operative
decision tree can be more complex…even in the unstable patient. In the setting of blunt abdominal trauma, the
utility of the FAST exam has been questioned and more
importance placed on the whole-body computed tomography (CT) scan, particularly in the hemodynamically
stable patient [6, 7]. The hemodynamically unstable blunt
trauma patient has been more of a challenge with a positive
FAST exam typically leading to an exploratory laparotomy
[7]. Recent changes in radiology support, however, may
alter future management strategies in the hemodynamically
unstable patient with blunt and penetrating trauma where
non-operative options such as endovascular stenting or
transarterial catheter embolization may be a preferred
management strategy. This triage consideration is discussed in more detail here [8].
US examination in the setting of blunt abdominal trauma
(BAT) carries the concern of missing intra-abdominal
injuries that do not produce a significant amount of free
fluid [9]. With good specificity and positive predictive
value (99 and 98 %, respectively), addition of US contrast
to this examination has been shown to improve the sensitivity and negative predictive values significantly from 59

123

82

and 83 % to 96 and 98 %, respectively, increasing the
overall accuracy from 86 to 98 % [10]. It is important to
note that in this study, CT was utilized as the gold standard
for diagnosis of intra-abdominal injury in BAT.
The cardiac portion of the FAST has been shown to
reduce time to operative care and improve survival for
penetrating trauma [11]. If an adequate acoustic window is
found, the presence of pericardial fluid is readily identified.
Studies have shown it to be extremely sensitive and
specific for this diagnosis in trauma [12, 13]. The rate of
incidental or insignificant effusion, however, makes the
simple presence of fluid a diagnostic dilemma when
deciding which patients require intervention [14].
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E-FAST Exam
A high-frequency, near-field, linear array or a small footprint convex 3–5 MHz probe is typically recommended for
the thoracic examination portion of the E-FAST exam.
Each hemithorax can be evaluated beginning in the midclavicular line proceeding laterally along two or three
intercostal spaces. The probe should be perpendicular to
the skin and the beam parallel to the long axis of the body.
This allows verification of ‘‘lung sliding’’ seen as the visceral and parietal pleurae move against each other during
the respiratory cycle (Fig. 3). The artifact known as ‘‘Blines’’ or ‘‘comet tails,’’ appearing as fan-like rays of
sunlight shining through a small opening in the clouds,
should be identified as well. The absence of these signs,
and especially identification of the lung point (a single
image where the visceral and parietal surfaces are seen
separating) are highly associated with the presence of a
pneumothorax (Fig. 4a). Additional US modes have been
utilized as well, most typically M-mode looking for the
absence of the ‘‘beach sign’’ which would also indicate a
pneumothorax (Fig. 4b).
The supradiaphragmatic, dependent areas of the chest
should be evaluated for fluid collections as a sign of
hemothorax as well. In this case, the US signal is able to
penetrate through the fluid collection and allow visualization of lung away from the inner chest wall.
Clinical Application of E-FAST

Fig. 3 Two-dimensional and M-mode lung images demonstrating the
beach sign. The waves are the relatively constant layers of the chest
wall where the constantly moving lung produces the granular pattern
of the beach. Seen in real time, the two-dimensional image shows
lung sliding at the pleural interface

In application, the E-FAST exam has been determined to
be much more sensitive for detection of pneumothorax than
chest radiographs in trauma with near 100 % specificity
[15–17]. It also provides results sooner than the chest

Fig. 4 a Lung point. In the two-dimensional image at the top, the
separation of the visceral and parietal pleura is seen. This separation
intermittently causes the beach sign to be lost as seen in the M-mode
image at the bottom. b Absent beach sign. The granular beach is not

seen because the sound waves echo off of the highly reflective pleura/
air interface creating a reverberation artifact and continuation of
waves
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radiograph. It is now considered to be the best modality for
rapid diagnosis and treatment of pneumothorax in trauma.
High-frequency, linear probes, typically used to establish
central venous access, provide better resolution and greater
accuracy in identifying lung sliding and are often readily
available [18].
Hyacinthe et al. evaluated 119 patients admitted with
chest trauma comparing clinical exam and chest radiograph
(CXR) to clinical exam and thoracic US for the detection of
hemothorax, pneumothorax, and lung contusion [15].
When compared to follow-up CT exam, they found clinical
exam and US to be significantly better than clinical exam
and CXR for both pneumothorax and lung contusion
evaluation with no significant difference between the two
for hemothorax evaluation. For hemothorax detection, the
sensitivity and specificity for clinical exam and CXR were
17 and 94 %, respectively, compared to 37 and 96 % with
clinical exam and thoracic US. This highlights the difficulty in evaluating the dependent/posterior aspect of the
chest in a patient who is secured in a supine position for
spine precautions. While this arrangement works nicely for
evaluating a pneumothorax with US due to the air
migrating anteriorly, the opposite is true of fluid
collections.
US of the Airway
Bedside US is commonly available for central line placement and performance of regional nerve blocks. Its application has rapidly expanded into more perioperative
clinical scenarios as we become more familiar with its use.
One such advancement involves its use to evaluate and
assist with airway management [19•]. US evaluation of the
anterior cervical area allows accurate location of important
structures. Superficially, the hyoid bone, thyroid and cricoid cartilages, tracheal rings, and the cricothyroid membrane can be easily identified. The deeper structures of the
epiglottis and vocal cords can often be identified as well.
The traumatized patient occasionally requires an emergent surgical airway. The ability to quickly and accurately
identify the cricothyroid membrane and tracheal rings for
emergent airway procedures is not a simple task in some of
these patients (Fig. 5). In patients where a thick, burned or
irradiated neck would otherwise make this an extremely
difficult task, these US skills show tremendous benefit [20].
The US can help determine the inner diameter of the
subglottic trachea, allowing selection of an appropriate
endotracheal tube size [21].
Trauma patients may also develop or present in cardiopulmonary arrest. In these situations, US can be helpful
in determining endotracheal versus esophageal intubation
and is recommended as an adjunct to capnography, especially in patients that may have little or no end-tidal CO2
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Fig. 5 Cricothyroid membrane. The thyroid and cricoid cartilages are
typically easy to identify with a high-resolution (high-frequency)
probe. The hyperechoic cricothyroid membrane is located between
the two structures

[22, 23]. Later, at the point of extubation, US examination
may also be helpful in predicting post-extubation stridor as
well [24].
US for Central Venous Access
Real-time, dynamic US has changed the way we perform
central venous access. In the trauma setting with the ready
availability of US equipment, the competing issues of
space and urgency must be balanced against improved first
attempt success and a decreased complication rate for most
venous access sites. Despite die hard opponents to its
becoming the standard of care, the use of US for venous
access procedures continues to be advocated by many as
the preferred technique…at least in the non-emergent setting. Improved first stick success and decreased accidental
arterial puncture rates have been readily shown with the
use of US [25]. Other benefits include painless evaluation
of patency and anatomy of intended target vessels and
confirmation of intravenous guide wire placement prior to
dilation (Fig. 6). Many specialty societies that were initially hesitant to promote US guidance as the standard of
care are now including it in their recommendations. The
2012 American Society of Anesthesiology (ASA) Practice
Guidelines for Central Venous Access recommend that US
be utilized for pre-procedural evaluation of the vascular
anatomy and that real-time US should be used to guide
placement of internal jugular lines in elective situations
[26]. That same year, the American Society of Echocardiography (ASE) and the Society of Cardiovascular
Anesthesiologists (SCA) published their joint recommendations regarding US use for vascular cannulation. In this
they recommend that ‘‘properly trained clinicians use realtime US for IJ cannulation whenever possible.’’ [27] In a
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Fig. 6 Guidewire in the internal jugular vein (IJ) in short axis (out of plane) on left and long axis (in plane) on right

more recent systematic review of real-time US-guided
subclavian vein catheterization, Lalu and colleagues found
that US-guided techniques resulted in fewer adverse events
(arterial puncture, pneumothorax) with an increased success rate compared to landmark-based techniques [28•].
A high-frequency ([7 MHz) linear probe is recommended for vascular access due to its high resolution of
superficial structures. The ASE/SCA recommendations and
a more recent review article by Weiner et al. provide
excellent descriptions of the in-plane and out-of-plane
techniques [25, 29].

Cervical Spine Clearance in the Obtunded Patient
With an incidence in the range of 2.8 % in alert patients
and 7.7 % in obtunded patients, injuries to the cervical
spine are frequently found in those who sustain blunt
trauma [30]. As a result, many blunt trauma patients are
placed in a cervical collar for protection either prior to
admission or immediately upon arrival. Perioperative
clearance of the cervical spine and removal of the cervical
collar in the traumatically injured patient can be difficult,
but helpful to the anesthesiologist. For example, airway
management can be made easier and safer by cervical spine
clearance since manual in-line stabilization and the need to
avoid excessive neck movement can be avoided [31].
Unfortunately, clearance is not always straightforward and
can be impaired by the patients’ concomitant injuries, the
chaotic environment of the emergency setting, the need for
analgesics, and the performance of life- and limb-saving
interventions. In the alert and cooperative patient, clearance can generally be accomplished by following established, non-radiologic criteria such as the National
Emergency X-Radiography Utilization Study (NEXUS) or
Canadian C-Spine Rule for Radiography (CCRR) low-risk
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criteria [32, 33]. There is significantly more controversy in
how and when to perform cervical spine clearance in the
obtunded patient which relies more on radiographic
assessments in the absence of a clinical exam.
There is general agreement that modern CT is adequate
for detection of bony injuries and malalignment of the
cervical spine following trauma [34]. Controversy still
exists, however, regarding whether a normal cervical CT
scan in the obtunded patient without evidence of neurologic deficit is adequate to prompt removal of the cervical
collar. The decision to remove the collar and other cervical
spine precautions must be balanced against the risk of
prolonged immobilization such as pressure ulcers and
missed occult injures. To identify potentially unstable ligamentous injury, magnetic resonance imaging (MRI)
has been recommended as a follow-up study in the
obtunded patient with a negative CT scan (Fig. 7).
Several recent studies have addressed issues related to
this controversy. Satahoo and colleagues retrospectively
reviewed the records of 309 patients with altered mental
status (Glasgow Coma Scale, GCS, score B13 undergoing
both CT and MRI scans of the cervical spine during their
trauma admission [35]. A total of 107 patients were found
to have a negative CT scan prior to their MRI. Of these
patients, 7 (7 %) were found to have positive findings on
MRI including two patients who subsequently underwent
surgery. In one case, the initial CT noted mention of
‘‘unfused bone’’ that probably represented a piece of
fractured bone and the other had a repeat CT that noted
subluxation of occipital condyles on C1 initiating the follow-up MRI. The other MRI findings included stable ligamentous injuries and ‘‘questionable injuries’’ not requiring
surgery. The authors concluded that the addition of MRI
‘‘does not appear to alter management’’ in this patient
population with the two surgical cases having other indications for obtaining an MRI.
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Fig. 7 a Sagittal reconstruction of cervical spine shortly after motor vehicle accident with no evidence of bony injury or malalignment on
computed tomography. b Magnetic resonance imaging (MRI) of same patient showing disruption of posterior longitudinal ligament and acute
disk extrusion (arrow). c Patient later found to have subluxation at level of injury likely related to missed findings on MRI

In a similar retrospective review, Tan et al. identified 83
trauma patients with altered mental status (GCS B 14) in
whom both cervical CT and MRI scans were obtained after
admission [36•]. Of the 55 patients with negative CT scans,
4 (7 %) were found to have an abnormal MRI scan. All
four patients had an intramedullary T2 hyper-intensity
signal consistent with possible spinal cord injury although
none of these patients were felt to have an unstable fracture
or ligamentous injury. Although not explicitly stated in the
study, the patients’ clinical exams were apparently consistent with central cord syndrome and all underwent surgical decompression during their admission. The authors
concluded that CT was highly sensitive in detecting
unstable injuries in this patient population. In the setting of
focal neurological deficit unexplained by intracranial
injury, they recommend MRI to evaluate for intrinsic spinal
cord injuries, but did not believe this precluded clearance
of the cervical spine and discontinuation of a cervical
collar.
These studies support the current recommendations
from the Eastern Association for Surgical Trauma (EAST)
that state cervical collar removal can be accomplished
‘‘after a high-quality C-spine CT scan result alone’’ in the
obtunded patient [37]. Based on their analysis of five
studies with a total of 1017 included subjects, they noted
that no neurologic changes (paraplegia or quadriplegia)
were found after cervical collar removal. In a broader
review of 11 studies with 1718 subjects, they found a
worst-case 9 % incidence of stable injuries and a 91 %
negative predictive value of no injury after a high-quality
CT scan (CT axial thickness \3 mm) coupled with

magnetic resonance imaging (MRI), flexion–extension CT
scan, upright X-rays, and/or clinical follow-up. Many other
recent meta-analyses, systematic reviews, and studies have
offered the same recommendation with varying degrees of
enthusiasm [38–41] although some continue to recommend
MRI evaluation even with no CT evidence of injury [34,
42, 43].
Current practice appears to reflect this controversy. In a
recent survey of Level 1 trauma centers in the United
States, thirteen different clinical pathways were identified
for cervical spine clearance. Given the large degree of
variability at Level 1 centers, anesthesiologists managing
patients at all levels of care should be familiar with their
institutional policies and guidelines regarding clearance.
An effort should be made to determine whether their
patient meets those criteria prior to going to the OR or
undergoing airway management procedures since cervical
collar removal could be helpful in the perioperative setting.

Blunt Cerebrovascular Injuries (BCVI)
BCVI includes injury to both carotid and vertebral arteries
and occurs in approximately 1–2 % of patients with polytrauma [44, 45]. With stroke and mortality rates up to 67
and 38 %, respectively, in unrecognized and/or untreated
BCVI, early identification may significantly improve outcomes [46, 47]. Depending on severity and location of
injury, patients with BCVI may need surgical intervention,
endovascular therapy, or medical management with antiplatelet
therapy
or
anticoagulation.
For
the
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Table 1 Denver screening criteria for BCVI
Signs and symptoms of BCVI
present

Risk factors for BCVI present
with high-energy transfer
mechanism

•

Arterial hemorrhage

•

Ischemic stroke on secondary
CT scan

•

Cervical bruit

•

Lefort II or III fracture

•

Expanding neck hematoma

•

Cervical spine fracture patterns
including subluxation,
fractures of C1–C3, fractures
extending into transverse
foramen

•

Focal neurological deficit or
neurologic exam not consistent
with CT scan

•

Diffuse axonal injury with
GCS B 6

•

Basilar skull fracture
Near hanging with anoxic brain
injury

•

From [45], with permission from the American Medical Association.
2004 American Medical Association. All rights reserved

anesthesiologist, the presence of a BCVI may add additional risk in the perioperative setting during the management of concurrent injuries or during treatment for the
BCVI itself.
Although 4-artery digital subtraction angiography
(DSA) remains the reference-standard for BCVI detection,
it has largely been supplanted by the CT angiogram (CTA)
as the primary radiographic BCVI screening tool [48, 49].
CTA allows for a more rapid time to diagnosis compared to
DSA as well as reduction in costs [46]. In the setting of
blunt trauma, screening criteria (Table 1) serve as the
trigger for DSA or CTA evaluations [45]. The concern with
screening-based criteria is that many injuries can still be
missed. Increasingly more liberalized screening is done
using a whole-body CT (WBCT) scan protocol for the
initial evaluation of the polytrauma patient [44, 50•]. With
the placement of multi-slice CT scanners in close proximity to trauma resuscitation units and emergency departments, it is now feasible to rapidly obtain a non-contrast
head CT scan followed by a WBCT with dual-phase contrast injection for the neck and trunk to identify injuries
requiring the most urgent management including BCVI,
any active bleeding, or solid organ laceration [51]. A
dedicated head and neck CTA with or without perfusion
imaging can then be obtained within 24 h to better define
the injury.
Bruns and colleagues retrospectively reviewed 16,026
trauma admissions over a 4-year period to identify those
with BCVI [44]. During the study period, 256 (1.6 %) were
diagnosed with BCVI. Of those 256, 185 (72 %) were
diagnosed after a WBCT protocol scan, with the other 71
either arriving via transfer from an outside facility with the
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diagnosis or being diagnosed with a dedicated diagnostic
procedure (CTA or DSA). The majority of those diagnosed
by WBCT had at least one of the expanded screening criteria for BCVI but 56 patients (30 %) had no radiographic
or clinical risk factors based on BCVI screening criteria.
After confirmatory CTA, 35 patients with a total of 45
injured vessels were identified for further follow-up and
treatment. Six patients did not have a follow-up study and
two patients underwent dedicated neck magnetic resonance
angiography with one patient identified as having a persistent injury. While use of WBCT scan protocol may not
replace dedicated CTA of the neck in all patients, it does
have utility in picking up injuries that would be otherwise
missed based on current screening criteria.
In a follow-up study from the same group looking only
at those patients getting the initial WBCT and diagnostic
CTA, overall sensitivity for WBCT was 92 % (91 % for
carotid injury and 94 % for vertebral injury) [50•]. There
were 319 injuries identified in 227 patients. Of the 319
injuries, 58 (18 %) were classified as indeterminate with 13
of these injuries being reclassified to ‘‘no injury’’ on the
CTA. Only 20 (6.3 %) of the 319 injuries were not seen on
WBCT but identified on subsequent CTA necessitated by
the presence of an injury in another vessel.
Given the increasing use of early WBCT for evaluation
of the trauma patient, it can be anticipated that the number
of patients with identified BCVI may increase in the perioperative period. For the anesthesiologist, this may have
perioperative implications. Patient with BCVI may be
considered for early anti-platelet therapy or anticoagulation; however, the presence of intracranial hemorrhage
frequently serves as a relative contraindication and requires
a risk–benefit analysis. The presence of stroke may require
tighter management of blood pressure. Additionally, the
presence of BCVI may require operative intervention or
endovascular therapy with anesthesia support.

Conclusion
In this review, we have introduced the concept of DCRad
and some of the implications for the anesthesiologist
managing the traumatically injured patient. The ready
availability of US equipment and training programs has
introduced a number of new diagnostic and patient management options which are being readily incorporated by
surgeons, emergency medicine physicians, and anesthesiologists into the early care of the trauma patient. In order to
optimize the perioperative care of these patients, the
anesthesiologist must be familiar with the techniques,
decision-making implications, and risks of incorporating
the DCRad aims into their practice.

Curr Anesthesiol Rep (2016) 6:79–88

87

Compliance with Ethics Guidelines
Conflict of Interest Thomas E. Grissom and Bert Pierce declare
that they have no conflict of interest.
Human and Animal Rights and Informed Consent This article
does not contain any studies with human or animal subjects
performed by any of the authors.

11.

12.

13.

References
Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

14.

15.

16.
1. • Gay DA, Miles RM. Use of imaging in trauma decision-making.
J R Army Med Corps. 2011;157(3 Suppl 1):S289–92. Provides
original description of Damage Control Radiology and its
application in the management of battlefield casualties.
2. Scalea TM, Rodriguez A, Chiu WC, Brenneman FD, Fallon WF
Jr, Kato K, et al. Focused Assessment with Sonography for
Trauma (FAST): results from an international consensus conference. J Trauma. 1999;46(3):466–72.
3. •• Ramsingh D, Rinehart J, Kain Z, Strom S, Canales C, Alexander B
et al. Impact assessment of perioperative point-of-care ultrasound
training on anesthesiology residents. Anesthesiology. 2015;123(3):
670–82. doi:10.1097/ALN.0000000000000776. Describes the creation and evaluation of a comprehensive training program for residents in anesthesiology including a dedicated rotation providing
ultrasound services in the perioperative setting. In this single center
study, 76% of exams where felt to impact subsequent planning or care.
4. Dehqanzada ZA, Meisinger Q, Doucet J, Smith A, Casola G,
Coimbra R. Complete ultrasonography of trauma in screening
blunt abdominal trauma patients is equivalent to computed
tomographic scanning while reducing radiation exposure and
cost. J Trauma Acute Care Surg. 2015;79(2):199–205. doi:10.
1097/TA.0000000000000715.
5. Quinn AC, Sinert R. What is the utility of the Focused Assessment with Sonography in Trauma (FAST) exam in penetrating
torso trauma? Injury. 2011;42(5):482–7. doi:10.1016/j.injury.
2010.07.249.
6. Carter JW, Falco MH, Chopko MS, Flynn WJ Jr, Wiles Iii CE,
Guo WA. Do we really rely on fast for decision-making in the
management of blunt abdominal trauma? Injury. 2015;46(5):
817–21. doi:10.1016/j.injury.2014.11.023.
7. Cullinane DC, Schiller HJ, Zielinski MD, Bilaniuk JW, Collier
BR, Como J, et al. Eastern Association for the Surgery of Trauma
practice management guidelines for hemorrhage in pelvic fracture—update and systematic review. J Trauma. 2011;71(6):
1850–68. doi:10.1097/TA.0b013e31823dca9a.
8. Soto JA, Anderson SW. Multidetector CT of blunt abdominal
trauma. Radiology. 2012;265(3):678–93. doi:10.1148/radiol.
12120354.
9. Miller MT, Pasquale MD, Bromberg WJ, Wasser TE, Cox J. Not
so FAST. J Trauma. 2003;54(1):52–9. doi:10.1097/01.TA.
0000046382.45913.B0 discussion 9-60.
10. Sessa B, Trinci M, Ianniello S, Menichini G, Galluzzo M, Miele
V. Blunt abdominal trauma: role of contrast-enhanced ultrasound
(CEUS) in the detection and staging of abdominal traumatic

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

lesions compared to US and CE-MDCT. Radiol Med.
2015;120(2):180–9. doi:10.1007/s11547-014-0425-9.
Plummer D, Brunette D, Asinger R, Ruiz E. Emergency department echocardiography improves outcome in penetrating cardiac
injury. Ann Emerg Med. 1992;21(6):709–12.
Bustam A, Noor Azhar M, Singh Veriah R, Arumugam K, Loch
A. Performance of emergency physicians in point-of-care
echocardiography following limited training. Emerg Med J.
2014;31(5):369–73. doi:10.1136/emermed-2012-201789.
Tayal VS, Beatty MA, Marx JA, Tomaszewski CA, Thomason
MH. FAST (focused assessment with sonography in trauma)
accurate for cardiac and intraperitoneal injury in penetrating
anterior chest trauma. J Ultrasound Med. 2004;23(4):467–72.
Press GM, Miller S. Utility of the cardiac component of FAST in
blunt trauma. J Emerg Med. 2013;44(1):9–16. doi:10.1016/j.
jemermed.2012.03.027.
Hyacinthe AC, Broux C, Francony G, Genty C, Bouzat P, Jacquot
C, et al. Diagnostic accuracy of ultrasonography in the acute
assessment of common thoracic lesions after trauma. Chest.
2012;141(5):1177–83. doi:10.1378/chest.11-0208.
Nagarsheth K, Kurek S. Ultrasound detection of pneumothorax
compared with chest X-ray and computed tomography scan. Am
Surg. 2011;77(4):480–4.
Wilkerson RG, Stone MB. Sensitivity of bedside ultrasound and
supine anteroposterior chest radiographs for the identification of
pneumothorax after blunt trauma. Acad Emerg Med.
2010;17(1):11–7. doi:10.1111/j.1553-2712.2009.00628.x.
Alrajab S, Youssef AM, Akkus NI, Caldito G. Pleural ultrasonography versus chest radiography for the diagnosis of pneumothorax: review of the literature and meta-analysis. Crit Care.
2013;17(5):R208. doi:10.1186/cc13016.
• Teoh WH, Kristensen MS. Utility of ultrasound in airway
management. Trends Anaesth Crit Care. 2014;4(4):84–90. doi:10.
1016/j.tacc.2014.05.004. A thorough review of ultrasound procedures relevant to airway and ventilatory management in all
patients but particularly relevant for the trauma patient.
Teoh WH, Kristensen MS. Ultrasonographic identification of the
cricothyroid membrane. Anaesthesia. 2014;69(6):649–50. doi:10.
1111/anae.12735.
Shibasaki M, Nakajima Y, Ishii S, Shimizu F, Shime N, Sessler
DI. Prediction of pediatric endotracheal tube size by ultrasonography. Anesthesiology. 2010;113(4):819–24. doi:10.1097/
ALN.0b013e3181ef6757.
Chou HC, Chong KM, Sim SS, Ma MH, Liu SH, Chen NC, et al.
Real-time tracheal ultrasonography for confirmation of endotracheal tube placement during cardiopulmonary resuscitation.
Resuscitation. 2013;84(12):1708–12. doi:10.1016/j.resuscitation.
2013.06.018.
Chou HC, Lien WC, Ma MH. Reply to letter: real-time tracheal
ultrasonography for confirmation of endotracheal tube placement
during
cardiopulmonary
resuscitation.
Resuscitation.
2014;85(1):e11. doi:10.1016/j.resuscitation.2013.08.279.
Ding LW, Wang HC, Wu HD, Chang CJ, Yang PC. Laryngeal
ultrasound: a useful method in predicting post-extubation stridor.
A pilot study. Eur Respir J. 2006;27(2):384–9. doi:10.1183/
09031936.06.00029605.
Weiner MM, Geldard P, Mittnacht AJ. Ultrasound-guided vascular access: a comprehensive review. J Cardiothorac Vasc
Anesth. 2013;27(2):345–60. doi:10.1053/j.jvca.2012.07.007.
American Society of Anesthesiologists Task Force on Central
Venous A, Rupp SM, Apfelbaum JL, Blitt C, Caplan RA, Connis
RT, et al. Practice guidelines for central venous access: a report
by the American Society of Anesthesiologists Task Force on
Central Venous Access. Anesthesiology. 2012;116(3):539–73.
doi:10.1097/ALN.0b013e31823c9569.

123

88
27. Troianos CA, Hartman GS, Glas KE, Skubas NJ, Eberhardt RT,
Walker JD, et al. Guidelines for performing ultrasound guided
vascular cannulation: recommendations of the American Society
of Echocardiography and the Society of Cardiovascular Anesthesiologists. J Am Soc Echocardiogr. 2011;24(12):1291–318.
doi:10.1016/j.echo.2011.09.021.
28. • Lalu MM, Fayad A, Ahmed O, Bryson GL, Fergusson DA,
Barron CC et al. Ultrasound-guided subclavian vein catheterization: a systematic review and meta-analysis. Crit Care Med.
2015;43(7):1498–507.
doi:10.1097/CCM.0000000000000973.
This recent analysis of ultrasound-guided subclavian catheterization recommends the use of ultrasound based on a decrease in
complications and increased first pass success.
29. Troianos CA, Hartman GS, Glas KE, Skubas NJ, Eberhardt RT,
Walker JD, et al. Special articles: guidelines for performing
ultrasound guided vascular cannulation: recommendations of the
American Society of Echocardiography and the Society Of Cardiovascular Anesthesiologists. Anesth Analg. 2012;114(1):46–72.
doi:10.1213/ANE.0b013e3182407cd8.
30. Milby AH, Halpern CH, Guo W, Stein SC. Prevalence of cervical
spinal injury in trauma. Neurosurg Focus. 2008;25(5):E10.
doi:10.3171/FOC.2008.25.11.E10.
31. Manoach S, Paladino L. Manual in-line stabilization for acute
airway management of suspected cervical spine injury: historical
review and current questions. Ann Emerg Med. 2007;50(3):
236–45. doi:10.1016/j.annemergmed.2007.01.009.
32. Hoffman JR, Schriger DL, Mower W, Luo JS, Zucker M. Lowrisk criteria for cervical-spine radiography in blunt trauma: a
prospective study. Ann Emerg Med. 1992;21(12):1454–60.
33. Stiell IG, Wells GA, Vandemheen KL, Clement CM, Lesiuk H,
De Maio VJ, et al. The Canadian C-spine rule for radiography in
alert and stable trauma patients. JAMA. 2001;286(15):1841–8.
34. Schoenfeld AJ, Bono CM, McGuire KJ, Warholic N, Harris MB.
Computed tomography alone versus computed tomography and
magnetic resonance imaging in the identification of occult injuries to
the cervical spine: a meta-analysis. J Trauma. 2010;68(1):109–13.
doi:10.1097/TA.0b013e3181c0b67a discussion 13-4.
35. Satahoo SS, Davis JS, Garcia GD, Alsafran S, Pandya RK, Richie
CD, et al. Sticking our neck out: is magnetic resonance imaging
needed to clear an obtunded patient’s cervical spine? J Surg Res.
2014;187(1):225–9. doi:10.1016/j.jss.2013.09.022.
36. • Tan LA, Kasliwal MK, Traynelis VC. Comparison of CT and
MRI findings for cervical spine clearance in obtunded patients
without high impact trauma. Clin Neurol Neurosurg.
2014;120:23–6.
doi:10.1016/j.clineuro.2014.02.006.
These
guidelines incorporate the most recent evaluations of computed
tomography and magnetic resonance imaging for evaluation of
cervical spine injuries in the patient with an altered level of
consciousness. The authors support the use of computed tomography as the primary means for cervical clearance in these
patients.
37. Patel MB, Humble SS, Cullinane DC, Day MA, Jawa RS, Devin
CJ, et al. Cervical spine collar clearance in the obtunded adult
blunt trauma patient: a systematic review and practice management guideline from the Eastern Association for the Surgery of
Trauma. J Trauma Acute Care Surg. 2015;78(2):430–41. doi:10.
1097/TA.0000000000000503.
38. Badhiwala JH, Lai CK, Alhazzani W, Farrokhyar F, Nassiri F,
Meade M, et al. Cervical spine clearance in obtunded patients
after blunt traumatic injury: a systematic review. Ann Intern Med.
2015;162(6):429–37. doi:10.7326/M14-2351.
39. Kanji HD, Neitzel A, Sekhon M, McCallum J, Griesdale DE.
Sixty-four-slice computed tomographic scanner to clear traumatic

123

Curr Anesthesiol Rep (2016) 6:79–88

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

cervical spine injury: systematic review of the literature. J Crit
Care. 2014;29(2):314 e9–13. doi:10.1016/j.jcrc.2013.10.022.
Plackett TP, Wright F, Baldea AJ, Mosier MJ, Thomas C,
Luchette FA, et al. Cervical spine clearance when unable to be
cleared clinically: a pooled analysis of combined computed
tomography and magnetic resonance imaging. Am J Surg. 2015;.
doi:10.1016/j.amjsurg.2014.12.041.
Raza M, Elkhodair S, Zaheer A, Yousaf S. Safe cervical spine
clearance in adult obtunded blunt trauma patients on the basis of a
normal multidetector CT scan—a meta-analysis and cohort study.
Injury. 2013;44(11):1589–95. doi:10.1016/j.injury.2013.06.005.
Fisher BM, Cowles S, Matulich JR, Evanson BG, Vega D, Dissanaike S. Is magnetic resonance imaging in addition to a computed tomographic scan necessary to identify clinically
significant cervical spine injuries in obtunded blunt trauma
patients? Am J Surg. 2013;206(6):987–93. doi:10.1016/j.amjsurg.
2013.08.021 discussion 93-4.
James IA, Moukalled A, Yu E, Tulman DB, Bergese SD, Jones
CD, et al. A systematic review of the need for MRI for the
clearance of cervical spine injury in obtunded blunt trauma
patients after normal cervical spine CT. J Emerg Trauma Shock.
2014;7(4):251–5. doi:10.4103/0974-2700.142611.
Bruns BR, Tesoriero R, Kufera J, Sliker C, Laser A, Scalea TM,
et al. Blunt cerebrovascular injury screening guidelines: what are
we willing to miss? J Trauma Acute Care Surg. 2014;76(3):
691–5. doi:10.1097/TA.0b013e3182ab1b4d.
Cothren CC, Moore EE, Biffl WL, Ciesla DJ, Ray CE Jr, Johnson
JL, et al. Anticoagulation is the gold standard therapy for blunt
carotid injuries to reduce stroke rate. Arch Surg. 2004;139(5):
540–5. doi:10.1001/archsurg.139.5.540 discussion 5-6.
Eastman AL, Muraliraj V, Sperry JL, Minei JP. CTA-based
screening reduces time to diagnosis and stroke rate in blunt
cervical vascular injury. J Trauma. 2009;67(3):551–6. doi:10.
1097/TA.0b013e3181b84408 discussion 5-6.
Schneidereit NP, Simons R, Nicolaou S, Graeb D, Brown DR,
Kirkpatrick A, et al. Utility of screening for blunt vascular neck
injuries with computed tomographic angiography. J Trauma.
2006;60(1):209–15.
doi:10.1097/01.ta.0000195651.60080.2c
discussion 15-6.
Bromberg WJ, Collier BC, Diebel LN, Dwyer KM, Holevar MR,
Jacobs DG, et al. Blunt cerebrovascular injury practice management guidelines: the Eastern Association for the Surgery of
Trauma. J Trauma. 2010;68(2):471–7. doi:10.1097/TA.0b013e318
1cb43da.
Paulus EM, Fabian TC, Savage SA, Zarzaur BL, Botta V, Dutton
W, et al. Blunt cerebrovascular injury screening with 64-channel
multidetector computed tomography: more slices finally cut it.
J Trauma Acute Care Surg. 2014;76(2):279–83. doi:10.1097/TA.
0000000000000101 discussion 84-5.
• Laser A, Kufera JA, Bruns BR, Sliker CW, Tesoriero RB,
Scalea TM et al. Initial screening test for blunt cerebrovascular
injury: Validity assessment of whole-body computed tomography. Surgery. 2015;158(3):627–35. doi:10.1016/j.surg.2015.03.
063. Study suggests that whole-body computed tomography holds
promise as a rapid screening test for blunt cerebrovascular injury
in the patient with polytrauma to identify injuries in the early
stage of the trauma evaluation when they may impact outcome.
Chakraverty S, Zealley I, Kessel D. Damage control radiology in
the severely injured patient: what the anaesthetist needs to know.
Br J Anaesth. 2014;113(2):250–7. doi:10.1093/bja/aeu203.

