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ABSTRACT

BACKGROUND AND PURPOSE: Our aim was to investigate how often relevant diagnostic findings in an arch-to-vertex CTA scan,
obtained specifically as part of the acute stroke CT protocol, are located in the head, neck, and upper chest regions.

MATERIALS AND METHODS: Radiology reports were reviewed in 302 consecutive patients (170 men, 132 women; median ages, 66 and
73 years, respectively) who underwent emergency department investigation of suspected acute stroke between January and July
2010. Diagnostic CTA findings relevant to patient management were recorded for the head, neck, and chest regions individually.
Additionally, the contributions to the total CTA scan effective dose were estimated from each of the 3 anatomic regions by using
the ImPACT CT Dose Calculator.

RESULTS: Of the 302 patients, 161 (54%) had relevant diagnostic findings in the head; 94 (31%), in the neck; and 4 (1%), in the chest. The
estimated contributions to the total CTA scan dose from each body region, head, neck, and upper chest, were 14 � 2%, 33 � 5%, and 53 �

6%, respectively.

CONCLUSIONS: Most clinically relevant findings are in the head and neck, supporting inclusion of these regions in arch-to-vertex CTA
performed specifically in patients with acute stroke in the emergency department. Further studies are required to investigate extending
the scan to the upper chest because only 1% of patients in our study had clinically relevant findings in the mediastinum, yet half the CTA
effective dose was due to scanning in this region.

In the evaluation of patients presenting to the emergency depart-

ment within 4.5 hours of the onset of acute stroke or strokelike

symptoms, emphasis is placed on the immediate identification of

inclusion and exclusion criteria for the administration of intrave-

nous thrombolytic therapy.1-6 Subsequent investigation of risk

factors for stroke is an elective process and typically does not begin

until after the acute event has passed.7-9

With improvement in CT technology, the limitations on scan

coverage of neurovascular CTA have relaxed, and single-pass im-

aging from the aortic arch to the skull vertex has become com-

monplace.10-15 Nevertheless, we have found no studies that eval-

uated benefit to the patient from this practice. Furthermore,

current guidelines for the emergency management of patients

with acute stroke remain focused on noncontrast head CT and

CTA evaluation only of the intracranial circulation.1,16-17

Our primary purpose was to investigate the incidence of

diagnostically relevant findings reported in the head, neck, and

chest components of an arch-to-vertex CTA performed in the

emergency department as part of the immediate evaluation

and triage of acute stroke. A secondary aim was to estimate the

individual contributions to the total effective dose in these

regions.

MATERIALS AND METHODS
Patient Population and Clinical Findings
This retrospective study was approved by our institutional review

body, waiving consent in accordance with the Health Insurance

Portability and Accountability Act. Included in the study were

adult patients with signs and symptoms of acute stroke who

presented to the emergency department between January 1 and

July 31, 2010, and who underwent acute stroke CT imaging as

part of their emergency diagnostic evaluation. There were no

exclusion criteria. From the electronic medical record, age,

weight, sex, NIHSS score at the time of presentation in the
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emergency department, and the treatment received were re-

corded for each patient.

All patients were included in the determination of the diagnos-

tic information from individual regions of the CTA. The radiol-

ogy reports were reviewed, and the presence and number of

relevant diagnostic findings in the head, neck, and chest por-

tions of the CTA scan were identified. Relevant diagnostic

findings were defined as follows: 1) in the head, any vascular

pathology affecting the intracranial circulation, for example,

�50% vessel stenosis, occlusion or partial occlusion of major

vessels, loss of gray-white differentiation in a vascular terri-

tory, aneurysm, tumor, or hemorrhage; 2) in the neck, �50%

stenosis of the common or internal carotid arteries, �70%

stenosis of the vertebral arteries, or dissection of any vessel;

and 3) in the chest, thrombus, dissection, or aneurysm of the

aorta �5 cm. If there was uncertainty about the meaning of a

report, joint review of both the report and the images was

undertaken to resolve it. For the purposes of stenosis catego-

rization, NASCET criteria were used.18

CTA Imaging
CTA scanning was performed as part of the acute stroke CT pro-

tocol on either a 64- or 16-section multidetector row CT scanner

(LightSpeed VCT and LightSpeed Pro16; GE Healthcare, Milwau-

kee, Wisconsin). For the CTA, a single axial scan was acquired

through the aortic root and a region of interest was placed in the

ascending aorta for use with SmartPrep software (GE Healthcare),

a manufacturer-specific bolus-tracking method that allows con-

sistent timing of CTA imaging with respect to an individual pa-

tient’s contrast hemodynamics. Contrast material (iopamidol, Is-

ovue 370; Bracco Diagnostics, Princeton, New Jersey) was

injected in 2 phases: first, 60 mL at 4 mL/s, immediately followed

by 15 mL at 2 mL/s, followed by a 40-mL saline chase. The change

in Hounsfield unit number in the aortic region of interest was

monitored during injection; CTA imaging was triggered 10 sec-

onds after this change exceeded 75 Hounsfield units. On the 64-

section scanner, the scanning parameters for CTA were the fol-

lowing: 120 kV(peak) x-ray tube voltage, automatic tube-current

modulation, 32-cm scan FOV, 64 � 0.625 mm detector configu-

ration, 0.5-second gantry rotation time, a 0.52 pitch factor, and

40-mm beam width. On the 16-section scanner, the CTA scan-

ning parameters were the following: either 120 or 140 kVp x-ray

tube voltage, automatic tube current modulation, 25-cm scan

FOV, 16 � 0.625 mm detector configuration, 0.5-second gantry

rotation time, 0.94 pitch factor, and 10-mm beam width. For all

protocols, 1.25-mm images were reconstructed at 0.625-mm in-

tervals by using a 512 � 512 image matrix and the manufacturer’s

standard reconstruction kernel.

Effective Dose Estimation
Effective dose contributions for each protocol were estimated

by using the ImPACT CT Patient Dosimetry Calculator

(ImPACT, London, United Kingdom).19-20 This software uses

a mathematic, anthropomorphic phantom to represent an av-

erage-sized, 70-kg reference adult. If used for effective dose

estimation in smaller patients, the software underestimates the

effective dose, and in larger patients, it overestimates it. Thus,

only those patients in our cohort with weights within 10 kg of

the reference adult (60 – 80 kg) were included in the effective

dose analysis.

Because all 3 CTA protocols had the tube current modulation

option turned on, an average milliampere value used for the head,

neck, and upper chest region was determined for the patients

studied. This was facilitated by writing custom software (Visual

Studio 2010; Microsoft, Redmond, Washington) that obtained

the milliampere values for each section within a CTA series, to-

gether with their corresponding section location coordinates

from the DICOM headers. From these data, a milliampere value

was individually determined for each body region for all patients.

The body regions were determined by using anatomic land-

marks. The head region was counted from the skull vertex to the

top of the C1 ring; the neck region was taken from the top of the

dens to the bottom of the C7 vertebra; and the chest region, from

the bottom of C7 to the lowest level scanned (Figure). The start

and end locations for each body region were recorded on our

institutional PACS system (Impax 5.3; Agfa-Gevaert, Mortsel,

FIGURE. Template for the anatomic landmarks used to determine
the head, neck, and chest regions. The red horizontal lines on the
sagittal reformat demonstrate the location of the 4 landmarks used:
the skull vertex (A), the top of the C1 arch (B), the bottom of the C7
vertebra (C), and the most inferior section scanned (D). The head
region was defined as between A and B; the neck region, between B
and C; and the chest region, between C and D.
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Belgium) as the section location coordinates marking the relevant

body region boundaries.

Descriptive and comparative statistics and significance testing

(unpaired Student t test) were performed by using Excel 2010

(Microsoft).

RESULTS
Of the 302 patients identified in the study period, there were 170

men (mean age, 65 years; median age, 66 years; range, 19 –90

years) and 132 women (mean age, 69 years; median age, 73 years;

range, 23–100 years). Weight measurements were available in 267

patients (88%, 267/302) with a mean of 82 � 19 kg. There were

111 patients weighing 60 – 80 kg (42%, 111/267), with a mean of

71 � 6 kg. Data for these patients were used for estimation of

effective dose contributions.

In all patients, the average NIHSS score at the time of pre-

sentation to the emergency department was 7.7 (range, 0 –26).

Ninety-three patients (31%, 93/302) were eligible for IV-tPA. Of

these, 63% (59/93) received IV-tPA; 37% did not because they fell

outside the time window for treatment (�4.5 hours), because

their lesion was too large (more than one-third of the MCA terri-

tory), or there were medical contraindications such as recent

trauma, systemic bleeding, or surgery; 6.6% of patients (20/302)

proceeded to intra-arterial therapy. The mean NIHSS score in the

intra-arterially treated group was 12.4, which was significantly

higher than that in the remaining patients who had an average

scale value of 7.3 (P � .01).

In the head portion of the CTA, 53% of patients (161/302) had

significant vascular-related pathology. In 78% of these patients

(129/161), the reported findings were directly relevant to the pa-

tient’s ischemic stroke symptoms, with vessel cutoff in the terri-

tory of the patient’s infarct.

In the neck portion of the CTA, relevant vascular pathology

was found in 31% of patients (94/302). Of these, 64% (60/94) had

at least moderate internal carotid artery stenosis, 30% (28/94) had

significant vertebral artery stenosis, 6% (6/94) had both vertebral

and internal carotid arterial stenosis, and 4% (4/94) had internal

carotid or vertebral artery dissections.

In the upper chest, relevant vascular pathology was found in

1.3% of patients (4/302); this consisted of extensive aortic plaque

associated with moderate or severe stenosis of a common carotid

origin in all 4 cases.

The subset of 111 average-sized patients, for whom the body

region contributions to the total effective dose were estimated,

demonstrated a 14 � 2%, 33 � 5%, and 53 � 6% contribution to

the total effective dose from the head, neck, and chest regions,

respectively.

DISCUSSION
We have found that a very small minority of findings on neurovas-

cular CTA, performed expressly for the purposes of triage of pa-

tients with acute stroke symptoms, are in the chest. While some

neurointerventional experts argue for the routine inclusion of the

upper chest in an emergency department CTA, it is unclear how

often 3D road maps from the scan are actually available before

intra-arterial intervention. Increasing public awareness of poten-

tial radiation risks from medical x-rays has resulted in renewed

scrutiny of the radiation dose burden from CT scanning.21 We

found that approximately half of the effective dose from arch-to-

vertex CTA is due to the chest portion of the scan because of the

high radiosensitivity of the lungs.22 On the basis of our observa-

tions, the chest portion of the CTA does not appear to contribute

meaningfully to the management or triage of patients with

acute stroke; thus, an approximately 50% reduction in effective

dose could be achieved simply by limiting CTA to the vasculature

above the shoulders, without compromising patient care.

The present study is limited by its retrospective nature because

only the radiology report was used to determine the presence of

relevant findings in the 3 regions of the CTA. In the acute setting,

interpretation of the images by a neuroradiologist, as they appear

on the scanner console, happens in real- or near-real-time, meet-

ing the recommendations of the American Heart Association that

stipulate interpretation of imaging studies within 45 minutes of

patient arrival in the emergency department.1 Discussion among

neuroradiology, neurointerventional, and neurology personnel at

that time will likely have a substantial impact on the chosen man-

agement pathway, yet it may not have been fully represented in

the final radiology report and thus may have been unavailable for

the present analysis. Thus, we may under-represent the actual

findings used at the time of treatment. Addressing this issue and

the issues of road-mapping before intra-arterial therapy and the

management value of the intrathoracic component of the CTA

would require prospective trials with appropriate power to an-

swer these questions definitively. Another potential limitation is

how well our study cohort represents the larger population of

patients with acute stroke. Given the low number of relevant pos-

itive findings in the chest in 302 patients, we believe it is unlikely

that substantially different results would be found in a larger study

group.

CONCLUSIONS
In summary, we found that CT angiography of the head, neck,

and upper chest performed in the emergency department, specif-

ically to manage patients with acute stroke symptoms, provided

diagnostically useful, potentially management-altering informa-

tion only from the head and neck components of the scan. No

information relevant to acute management of such patients was

forthcoming from the chest portion of the CTA, yet this compo-

nent accounted for approximately 50% of the effective dose of the

CTA scan. Further evidence-based studies are needed to more

fully evaluate these findings.
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