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Abstract The role of radiographic imaging and ultra-

sound (US) in decision-making during the early manage-

ment 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 Radiol-

ogy (DCRad) in the early resuscitation and treatment of

these patients. In this review, we focus on the current lit-

erature surrounding applications of US and other radio-

graphic 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 pen-

etrating 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

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 anesthesiolo-

gist 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 life-

threatening 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) Identification of life-threatening injuries such as

massive hemothorax, pneumothorax, or pelvic frac-

ture during the primary survey with the combined

clinical exam and radiographic imaging (portable dig-

ital chest and pelvic radiographs);

(2) Identification of free abdominal fluid or pericardial

tamponade on the Focused Assessment with Sonog-

raphy in Trauma (FAST) US scan that might neces-

sitate an operative intervention;

(3) Evaluation for other unidentified or suspected injuries

with multi-slice ([64) whole-body computed tomog-

raphy (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 retroperi-

toneal hemorrhage in the setting of blunt

trauma;

(c) Early identification of blunt cerebrovascular

injury (BCVI);

(4) Establishment of intravenous access guided by US;

(5) Evaluation of ongoing resuscitation through a focused

transthoracic US cardiac assessment.

In this review, we focus on the current literature sur-

rounding applications of US and other radiographic imag-

ing in the early management of the trauma patient. This

includes reviews of the FAST and Extended-FAST (E-

FAST) 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 rec-

ommendations 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

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 prac-

tice of anesthesiology, particularly in the perioperative

management of the traumatically injured patient. As

demonstrated by Ramsingh and colleagues at the Univer-

sity 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 trauma-

induced 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 unsta-

ble 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-clav-

icular 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. Scan-

ning 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 ana-

tomic 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
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evaluate pericardial effusions for signs of cardiac tam-

ponade 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 peri-

cardial 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

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

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 explo-

ration 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 unsta-

ble 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 tomogra-

phy (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 dis-

cussed 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 sensi-

tivity and negative predictive values significantly from 59

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)
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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].

E-FAST Exam

A high-frequency, near-field, linear array or a small foot-

print 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 mid-

clavicular 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 vis-

ceral and parietal pleurae move against each other during

the respiratory cycle (Fig. 3). The artifact known as ‘‘B-

lines’’ 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 visualiza-

tion of lung away from the inner chest wall.

Clinical Application of E-FAST

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. 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

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 diffi-

culty 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 place-

ment and performance of regional nerve blocks. Its appli-

cation 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 cri-

coid cartilages, tracheal rings, and the cricothyroid mem-

brane 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 emer-

gent 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 car-

diopulmonary arrest. In these situations, US can be helpful

in determining endotracheal versus esophageal intubation

and is recommended as an adjunct to capnography, espe-

cially in patients that may have little or no end-tidal CO2

[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 set-

ting. 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 ini-

tially 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 Echocar-

diography (ASE) and the Society of Cardiovascular

Anesthesiologists (SCA) published their joint recommen-

dations regarding US use for vascular cannulation. In this

they recommend that ‘‘properly trained clinicians use real-

time US for IJ cannulation whenever possible.’’ [27] In a

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
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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 suc-

cess rate compared to landmark-based techniques [28•].

A high-frequency ([7 MHz) linear probe is recom-

mended 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, clear-

ance can generally be accomplished by following estab-

lished, non-radiologic criteria such as the National

Emergency X-Radiography Utilization Study (NEXUS) or

Canadian C-Spine Rule for Radiography (CCRR) low-risk

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 neuro-

logic 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 unsta-

ble 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 fol-

low-up MRI. The other MRI findings included stable liga-

mentous 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 indi-

cations for obtaining an MRI.

Fig. 6 Guidewire in the internal jugular vein (IJ) in short axis (out of plane) on left and long axis (in plane) on right
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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 con-

sistent with central cord syndrome and all underwent sur-

gical 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 poly-

trauma [44, 45]. With stroke and mortality rates up to 67

and 38 %, respectively, in unrecognized and/or untreated

BCVI, early identification may significantly improve out-

comes [46, 47]. Depending on severity and location of

injury, patients with BCVI may need surgical intervention,

endovascular therapy, or medical management with anti-

platelet therapy or anticoagulation. For the

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
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anesthesiologist, the presence of a BCVI may add addi-

tional risk in the perioperative setting during the manage-

ment 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 prox-

imity to trauma resuscitation units and emergency depart-

ments, it is now feasible to rapidly obtain a non-contrast

head CT scan followed by a WBCT with dual-phase con-

trast 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

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 cri-

teria 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 per-

sistent 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 peri-

operative period. For the anesthesiologist, this may have

perioperative implications. Patient with BCVI may be

considered for early anti-platelet therapy or anticoagula-

tion; 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 man-

agement options which are being readily incorporated by

surgeons, emergency medicine physicians, and anesthesi-

ologists 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.

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
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