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ABSTRACT

BACKGROUND AND PURPOSE: Low-tube-voltage acquisition has been shown to facilitate substantial dose savings for neck CT with
similar image contrast compared with standard 120-kVp acquisition. However, its potential for the detection of neck pathologies is
uncertain. Our aim was to evaluate the effects of low-tube-voltage 80-kV(peak) acquisitions for neck CT on diagnostic accuracy and
interobserver agreement.

MATERIALS AND METHODS: Three radiologists individually analyzed 80-kVp and linearly blended 120-kVp image series of 170 patients
with a variety of pathologies who underwent dual-energy neck CT. Reviewers were unblinded to the clinical indication for CT but were
otherwise blinded to any other data or images and were asked to state a final main diagnosis. Findings were compared with medical record
charts, CT reports, and pathology results. Sensitivity, specificity, positive predictive value, and negative predictive value were calculated
for each observer. Interobserver agreement was evaluated by using intraclass correlation coefficients.

RESULTS: Diagnoses were grouped as squamous cell carcinoma–related (n � 107, presence/absence of primary/recurrent squamous cell
carcinoma), lymphoma-related (n � 40, presence/absence of primary/recurrent lymphoma), and benign (n � 23, eg, abscess). Cumulative
sensitivity, specificity, positive predictive value, and negative predictive value for 80-kVp and blended 120-kVp images were 94.8%, 93.0%,
95.9%, and 91.1%, respectively. Results were also consistently high for squamous cell carcinoma–related (94.8%/95.3%, 89.1%/89.1%,
94.3%/94.4%, 90.1%/91.0%) and lymphoma-related (95.0%, 100.0%, 100.0%, 95.2%) 80-kVp/120-kVp image series. Global interobserver
agreement was almost perfect (intraclass correlation coefficient, 0.82, 0.80; 95% CI, 0.76 – 0.74, 0.86 – 0.85). Calculated dose-length product
was reduced by 48% with 80-kVp acquisitions compared with the standard 120-kVp scans (135.5 versus 282.2 mGy � cm).

CONCLUSIONS: Low-tube-voltage 80-kVp CT of the neck provides sufficient image quality with high diagnostic accuracy in routine
clinical practice and has the potential to substantially decrease radiation exposure.

ABBREVIATIONS: CTDIvol � volume CT dose index; DECT � dual-energy CT; DLP � dose-length product; ICC � intraclass correlation coefficient; NPV � negative
predictive value; PPV � positive predictive value; SCC � squamous cell carcinoma

CT is a standard imaging technique in routine clinical practice

for detection, staging, and follow-up evaluation of various

pathologies of the neck, including squamous cell carcinoma

(SCC), cervical lymphoma or lymphadenopathy, and parapha-

ryngeal or retropharyngeal abscess.1-5 CT examinations contrib-

ute a substantial amount of cumulative radiation exposure to pa-

tients with cervical pathologies, especially if follow-up CT is

required.6 Thus, various approaches for dose reduction of CT of

the neck, brain, paranasal sinus, and the facial skeleton have been

proposed, including reduction of tube current and tube potential,

high-pitch acquisition, and application of automated exposure-

control software.7-10 The combination of such techniques with an

iterative reconstruction algorithm can also provide similar image

quality while substantially reducing exposure to ionizing radia-

tion compared with the standard 120-kVp acquisitions.11,12

Several studies have demonstrated that low-tube-voltage ac-

quisitions at 80 kVp can increase iodine attenuation and image

contrast of soft-tissue structures and reduce radiation expo-

sure.13-15 However, only a few studies have investigated low-tube-

voltage acquisition CT techniques for imaging of the neck.16-18

We hypothesized that an 80-kVp acquisition may provide com-

parable image quality for evaluation of the neck region. To eval-

uate the efficacy of this technique in simulated routine clinical

practice, we retrospectively assessed the diagnostic accuracy of

Received April 25, 2014; accepted after revision June 2.

From the Departments of Diagnostic and Interventional Radiology (J.L.W., J.K.,
E.-M.N., B.B., I.B., J.-E.S, C.F., J.M.K., R.W.B., T.L., T.J.V., B.S.) and Otolaryngology, Head
and Neck Surgery (J.W.), University Hospital Frankfurt, Frankfurt, Germany.

Please address correspondence to Julian L. Wichmann, MD, Universitätsklinikum
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low-tube-voltage 80-kVp image series from dual-energy neck CT

(DECT) for evaluation of a variety of cervical pathologies, and the

results were compared with linearly blended images representing

a standard 120-kVp acquisition. We also assessed interobserver

agreement and calculated the potential radiation dose reduction.

MATERIALS AND METHODS
Patient Selection and Study Design
This retrospective study was approved by the ethics committee of

our hospital, and written informed consent was waived. Of 404

clinically indicated neck DECT examinations performed between

February 2010 and November 2010 at our institution, we in-

cluded 170 consecutive examinations. During that timeframe,

neck CT examinations were performed by using 2 different CT

systems at our facility; only the patients scanned by using the

dual-source system capable of DECT mode were included in this

study. However, assignment to either scanner was completely

random on the basis of available timeslots and was not influenced

for research purposes.

Contraindications for DECT imaging were known allergies to

iodinated contrast material, pregnancy, and impaired renal func-

tion (estimated glomerular filtration rate below 40 mL/min). Ex-

clusion criteria for this study were age younger than 18 years (n �

15), noncontrast studies (n � 4), CT angiography examinations

(n � 26), and severe motion (n � 21) or metal artifacts (n � 49)

in case-relevant anatomic regions. Furthermore, to retain study

group homogeneity, we excluded patients referred for evaluation

of cervical metastasis from distal neoplasms (n � 6). In case a

patient underwent multiple DECT examinations during this

timeframe, we included only the first examination and excluded

subsequent studies (n � 113).

To simulate routine clinical practice, we aggregated 3 main

groups of indications for imaging: SCC-related (group 1, n �

107), lymphoma-related (group 2, n � 40), and benign condi-

tions (group 3, n � 23). Groups 1 and 2 included CT examina-

tions for the primary staging of known malignancy, detection of

suspected malignancy, and follow-up CT to rule out recurrence.

Patients with follow-up DECT were only included if the prior

non-DECT scan did not show a recurrent SCC or pathologically

enlarged lymph nodes in patients with known lymphoma to avoid

miscategorizing patients with tumor remnants as having recur-

rent tumors. Group 3 consisted of patients referred for detection

or evaluation of suspected benign conditions (eg, para-/retropha-

ryngeal abscess, sialadenitis with possible sialolithiasis, Warthin

tumor). A detailed list of indications for CT is summarized in

Table 1.

The criterion standard in this study for comparison of ob-

server results was based on the combination of the electronic

medical records, results from histopathology, and the original CT

imaging report, ranked in that order. However, because the orig-

inal CT imaging reports of the evaluated scans may have resulted

in false-positive or false-negative findings, especially in initial and

follow-up examinations of patients with SCC, we ranked the final

clinical diagnosis first because it also included clinical knowledge

from physical examinations and biopsy; correlation with clinical

diagnosis is especially important in SCC of the oral cavity, for

example, which may be missed on neck CT. Thus, a final diagnosis

of recurrent head-neck SCC based on histopathologic findings

overruled a false-negative or uncertain finding in the original CT

imaging report.

DECT Protocol
All CT examinations in this study were performed by using a

second-generation 128-section dual-source CT in dual-energy

mode (Somatom Definition Flash; Siemens, Erlangen, Germany).

Both x-ray tubes were operated at a different tube potential. Ex-

amination parameters were as follows: tube A: 80 kVp, reference

current-time product of 302 mAs per rotation; tube B: Sn140 kVp

with a tin filter; 151 mAs per rotation; rotation time, 0.5 seconds;

pitch, 0.9; collimation, 2 � 64 � 0.6 mm. Real-time automatic

milliampere-second-modulation software (CareDose4D; Sie-

mens) was used to regulate the tube current, depending on the

patient’s anatomy. Images were acquired in a craniocaudal direc-

tion in expiratory breath-hold with the patient in a supine posi-

tion. The scan range extended from the upper orbital rim to the

aortic arch. DECT imaging was initiated 70 seconds after the start

of intravenous administration of 100 mL of nonionic iodinated

contrast agent (iopamidol, Imeron 400; Bracco-Altana Pharma,

Konstanz, Germany) through an antecubital vein at a flow rate of

2 mL/s.

On the basis of the DECT raw data, the scanner automatically

reconstructed an image series with a standard linear blending set-

ting (M_0.3), merging 30% of the 80-kVp and 70% of the 140-

kVp data spectrum, representing a 120-kVp acquisition. All

images were reconstructed with a dedicated dual-energy medium-

soft convolution kernel (D30f) and a section thickness of 2.0 mm.

Evaluation of image series was limited to axial images, and mul-

tiplanar reformations were not assessed. Quantitative DECT data

were also not analyzed in this study.

Image Analysis
Initially only the 80-kVp image series was evaluated on a regular

PACS workstation by 3 radiologists with 7, 3, and 2 years of expe-

rience in neck CT, respectively. All image series were assessed in

random order. To avoid potential recall bias, readers were aware

of the indication for CT imaging but were blinded to any other

clinical information or auxiliary image series (ie, prior imaging

studies). Readers were allowed to scroll through the whole stack of

CT images. Window settings were automatically set to predeter-

mined standard values for evaluation of soft tissue (width, 400

Table 1: Indications for neck CT imaging (n � 170)
Indication No.

Squamous cell carcinoma 107
Primary staging or detection of suspected squamous

cell carcinoma
66

Follow-up to detect tumor recurrence 41
Lymphoma 40

Primary staging or detection of suspected lymphoma 19
Follow-up to detect lymphoma recurrence 21

Benign conditions 23
Suspected benign cervical mass (eg, Warthin

tumor, adenoma)
5

Suspected cervical abscess 13
Suspected sialadenitis 3
Suspected branchial cleft cyst 2

2 Wichmann ● 2014 www.ajnr.org



Hounsfield units; level, 80 Hounsfield units) but were freely ad-

justable. After a time interval of 12 weeks, all blended 120-kVp

images from these cases were evaluated by the same readers in the

same fashion and random order to allow an assessment of the

diagnostic accuracy of a standard 120-kVp acquisition.

Radiation Dose Estimations
Examination protocols were evaluated, and the resulting volume

CT dose index (CTDIvol) and dose-length-product (DLP) were

recorded for each scan. Currently, examination protocols pro-

vided by the second-generation dual-source CT scanner used in

this study only display cumulative CTDIvol and DLP values when

scans are obtained in dual-energy mode and do not allow a further

division of emitted radiation between both tubes with different

voltage settings. However, to allow an intraindividual analysis of

the estimated radiation dose without additional radiation expo-

sure and to avoid potential bias among different study groups, we

used dedicated software designed specifically for this study so that

all DICOM datasets and CTDIvol values of each of the 80-kVp

series were extracted and averaged. CTDIvol values are, in great

part, also present in the patient protocols of each examination,

which are usually used for analysis of the radiation dose. The given

DLP of the cumulative DECT examination was divided by the

cumulative CTDIvol to calculate a conversion factor. The calcu-

lated mean CTDIvol of the 80-kVp series based on the extracted

data was then multiplied by this conversion factor to calculate the

resulting estimated DLP for the low-tube-voltage acquisition.

Statistical Analysis
All statistical analyses were conducted by using dedicated software

(SPSS, Version 21; IBM, Armonk, New York; and MedCalc for

Windows, Version 13; MedCalc Software, Mariakerke, Belgium).

Sensitivity, specificity, positive predictive value (PPV), and nega-

tive predictive value (NPV) were calculated for each observer and

type of image series. The means and SDs of metric data were

calculated. The paired t test was used to compare the CTDIvol and

DLP between the calculated values of the 80-kVp tube and the

cumulative dual-energy CT examination. A P value � .05 indi-

cated a statistically significant difference for all used tests.

Interobserver agreement among the 3 radiologists was evalu-

ated by using intraclass correlation coefficient (ICC) statistics.

Cumulative and subgroup-related ICC values were calculated.

The ICC value was interpreted in the following way: ICC � 0.20,

slight agreement; ICC � 0.21– 0.40, fair agreement; ICC � 0.41–

0.60, moderate agreement; ICC � 0.61– 0.80, substantial agree-

ment; ICC � 0.81–1.0, almost perfect agreement.

RESULTS
The study group consisted of 170 patients (57.2 � 16.3 years

[range, 18 –94 years]), comprising 114 male (56.3 � 16.2 years

[range, 18 –94 years]) and 56 female (58.9 � 16.6 years [range,

23– 89 years]) patients.

All DECT examinations were performed without any compli-

cations, and no severe motion or metal artifacts were present. The

mean cumulative CTDIvol of all examinations was 10.04 � 0.80

mGy, and the calculated isolated CTDIvol of the 80-kVp tube was

4.82 � 0.41 mGy (P � .001). The mean cumulative DLP was

282.2 � 30.2 mGy � cm, and the mean calculated isolated 80-kVp

DLP was 135.5 � 14.7 mGy � cm (P � .001), resulting in an

estimated dose reduction of approximately 48.0%.

Criterion Standard Final Clinical Diagnoses
One hundred seven patients underwent SCC-related neck DECT.

The findings of the 3 observers for 80-kVp and blended 120-kVp

images were compared with the criterion standard on the basis of

the combination of the electronic medical records, results from

histopathology, and the original CT imaging report. Primary neck

SCC was present in 50 cases and absent in 16 cases. SCC recur-

rence was diagnosed in 15 cases and ruled out in 26 cases. The

primary and recurrent SCC sites were the hypopharynx and lar-

ynx (n � 21), oropharynx (n � 17), nasopharynx (n � 11), buccal

soft tissue (n � 6), floor of mouth (n � 5), tongue (n � 3), and

nose (n � 2). On the basis of the Tumor, Node, Metastasis clas-

sification, we evaluated 15 T1 tumors, 17 T2 tumors, 12 T3 tu-

mors, and 21 T4 tumors. Data for the degree of spread to the

lymph nodes were not available for all cases and thus were not

included. Average follow-up of SCC-related cases was 21.3

months.

Forty patients completed lymphoma-related neck DECT. Pri-

mary lymphoma was diagnosed in 12 patients and ruled out in 7.

Recurrent cervical lymphoma was present in 8 patients and ruled

out in 13.

Twenty-three patients underwent neck DECT to assess sus-

pected benign conditions. A primary benign tumor (eg, Warthin

tumor, adenoma) was present in 5 patients. Primary abscess was

diagnosed in 7 patients and ruled out in 4. Abscess recurrence was

present in 1 patient and ruled out in 1. Findings of sialadenitis or

sialolithiasis as the main diagnosis were present in 3 patients. A

branchial cleft cyst was diagnosed in 2 patients.

Diagnostic Accuracy of 80-kVp and Blended
120-kVp Scans
The mean global (and individual) sensitivity and NPV for all 3

observers for evaluation of 80-kVp and blended 120-kVp image

series in this study were 94.8% and 91.1%, respectively. Specificity

and PPV were 93.0% and 95.9% for both image series. Summa-

rized results regarding the analysis of diagnostic accuracy are

listed in Table 2.

Compared with the global scores, diagnostic accuracy for the

evaluation of the subgroup of SCC showed a similarly high sensi-

tivity for 80-kVp and 120-kVp images (94.8%, 95.3%), a de-

creased specificity (both 89.1%), and slightly lower PPV (94.3%,

94.4%) and NPV (90.1%, 91.0%).

Diagnostic accuracy was consistently higher for lymphoma-

related imaging with a sensitivity of 95.0%, a specificity and PPV

of 100.0%, and an NPV of 95.2% for both image series.

Evaluation of 80- and 120-kVp image series from examina-

tions performed due to benign indications showed a sensitivity of

94.3%/92.5%, a specificity of 93.3%/93.3%, a PPV of 98.2%/

98.1%, and an NPV of 85.7%/79.0%.

Interobserver Agreement
The global ICC score for all 3 reviewers for 80-kVp images was

0.82 (95% CI, 0.76 – 0.86), and for blended 120-kVp images, it was
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0.80 (95% CI, 0.74 – 0.85), interpreted as almost perfect agree-

ment. Interobserver agreement for SCC-related CT examinations

was substantial for 80-kVp image series with an ICC score of

0.79 (95% CI, 0.70 – 0.85) and for blended 120-kVp images

with an ICC of 0.76 (95% CI, 0.66 – 0.82). Evaluation of lym-

phoma-related examinations resulted in a perfect interob-

server agreement with an ICC score of 1.0 for both image se-

ries. The 80-kVp imaging for the evaluation of benign

conditions showed a substantial interobserver agreement for

the 80-kVp image series with an ICC score of 0.72 (95% CI,

0.45– 0.87) and for the blended 120-kVp images with an ICC of

0.69 (95% CI, 0.41– 0.83).

DISCUSSION
The findings of our study indicate that compared with standard

120-kVp imaging, low-tube-voltage 80-kVp CT provides suffi-

cient image quality for evaluation of the neck region in routine

clinical practice and simultaneously allows a distinct reduction of

radiation exposure. We found very high global sensitivity, speci-

ficity, PPV, and NPV and substantial interobserver agreement for

the 3 reviewers with varying levels of experience with neck CT.

Our results suggest that low-tube-voltage 80-kVp acquisitions

may be used in routine clinical practice to substantially lower the

cumulative radiation dose for patients undergoing neck CT.

While clinicians unacquainted with low-tube-voltage acquisi-

tions might be concerned about false-negative findings regarding

the detection of cervical malignancy, our results indicate that cer-

vical SCC can be reliably diagnosed by using this technique with a

consistently high sensitivity, though malignancy and especially

SCC recurrence in the early stages may be present but undetect-

able on CT as a general limitation of the technique.19 The high

NPV in our study also indicates that neck SCC was reliably ruled

out with this technique in our patient population. The additional

evaluation of blended 120-kVp images representing standard ac-

quisitions showed no significant differences for this subgroup.

Furthermore, we found that low-tube-voltage acquisitions pro-

vided an increased signal attenuation and consequently improved

SCC border contrast (Fig 1). Consequently, necrotic metastatic

lymph nodes may also be better depicted with low-tube-voltage

acquisitions as demonstrated in Fig 1. Nevertheless, the increased

signal attenuation usually requires modifying the window width

and level settings for evaluation of 80-kVp studies compared with

standard 120-kVp examinations. In addition, low-tube-voltage

Table 2: Comparison of diagnostic accuracy of the 3 observersa

Value Global (n = 170) SCC-Related (n = 107)
Lymphoma-Related

(n = 40)b
Benign Conditions

(n = 23)
80-kVp image series

Sensitivity 94.8% (93.5%–95.4%) 94.8% (91.4%–97.2%) 95.0% 94.3% (88.9%–100.0%)
Specificity 93.0% (91.9%–95.1%) 89.1% (86.5%–91.7%) 100.0% 93.3% (80.0%–100.0%)
PPV 95.9% (95.3%–97.2%) 94.3% (93.1%–95.8%) 100.0% 98.2% (94.7%–100.0%)
NPV 91.1% (89.1%–92.1%) 90.1% (84.6%–94.3%) 95.2% 85.7% (71.4%–100.0%)

120-kVp image series
Sensitivity 94.8% (92.6%–96.3%) 95.3% (91.4%–97.2%) 95.0% 92.5% (88.9%–94.4%)
Specificity 93.0% (91.9%–95.1%) 89.1% (86.5%–91.7%) 100.0% 93.3% (80.0%–100.0%
PPV 95.9% (95.3%–97.2%) 94.4% (93.2%–95.8%) 100.0% 98.1% (94.4%–100.0%)
NPV 91.1% (87.7%–93.5% 91.0% (84.6%–94.3%) 95.2% 79.0% (71.4%–85.7%)

a Values are given as mean (range).
b No interobserver differences, therefore no ranges, are given.

FIG 1. A 61-year-old female patient with a primary supraglottic laryngeal carcinoma (T4a N2c). Low-tube-voltage acquisition (A) improves tumor
attenuation (large arrow) compared with the standard blended 120-kVp image series (B) and also shows a higher contrast and improved
depiction of cervical lymph node metastasis (small arrows) (window settings: width, 400 HU; level, 80 HU).
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acquisitions may result in an increased focal spot blooming and

more severe metal artifacts. Nevertheless, these limitations may be

mitigated with the recently introduced third-generation dual-

source CT.20

Prior studies have also demonstrated that low-tube-voltage

neck CT results in a superior contrast-to-noise ratio compared

with 120-kVp scans.16,18 Because patients with neck SCC often

undergo multiple CT examinations and radiation therapy, the

benefit for this specific patient group from low-tube-voltage ac-

quisitions may be limited. Nevertheless, younger patients with

suspected or known lymphoma and patients in whom primary

neck SCC can be ruled out on the basis of CT findings may par-

ticularly benefit from a dose-saving 80-kVp CT technique.

Several previous studies have demonstrated that the radiation

dose during head and neck CT angiography can be substantially

reduced with low-tube-voltage acquisitions.21-23 Intravenously

administered iodinated contrast material shows an increased sig-

nal attenuation when exposed to lower tube voltages, which can

also improve soft-tissue contrast (Fig 2).13-15 However, only a few

prior studies evaluated low-tube-voltage CT acquisitions for im-

aging the soft-tissue structures of the neck region.16-18 Gnannt et

al16 demonstrated that the consecutive increase in soft-tissue at-

tenuation on 70-kVp scans is higher than the corresponding in-

crease in image noise, therefore resulting in a superior contrast-

to-noise ratio for neck imaging. They reported a dose reduction of

34% with 70-kVp acquisitions compared with standard 120-kVp

acquisitions. We found an estimated dose reduction of 48% with

80-kVp acquisitions based on extraction of CTDIvol values from

DECT datasets, but the actual dose savings may be less with single-

energy 80-kVp acquisitions. Toepker et al18 reported a peak in

image quality for the 80-kVp images of neck DECT in patients

with oral cancer, emphasizing the clinical applicability of low-

tube-voltage acquisitions.

The results of this study should be interpreted in the context of

the study design and consequent limitations. First, although a

study group of 170 patients was reasonable for this initial study,

further re-evaluation of our findings with low-tube-voltage ac-

quisitions in larger patient cohorts is necessary. Second, there may

be differences regarding the average radiation exposure of neck

DECT among various dual-source CT systems. We also expect

differences between single- or dual-source 80-kVp CT, and our

results from retrospective analysis of the 80-kVp images from

DECT should be evaluated in additional studies with phantom

measurements. Especially single-source 80-kVp CT may also

show a different image quality because the 140-kVp tube in DECT

may have an effect on the 80-kVp DECT images. However, 80-

kVp neck CT can still be expected to result in a distinct dose

reduction.16 DECT may result in a slower scan speed than certain

single- or dual-source CT systems, which may lead to more mo-

tion artifacts, which were a potential exclusion criterion in our

study. Third, there were far more SCC-related examinations in-

cluded than the other subgroups. While we also excluded patients

undergoing neck CT for evaluation of cervical metastasis from

distant neoplasm, we assumed that our results regarding the de-

tection of cervical lymphoma can be transferred to the detection

of metastatic cervical lymph nodes. Fourth, although the math-

ematic calculations of the DICOM-reading software used in our

study are ordinary and only use data that are included in the

DICOM headers per se and are included in the patient protocols,

the diagnostic accuracy of this technique for the estimation of

low-tube-voltage radiation exposure from DECT examinations

has not been validated in prior studies. Fifth, to allow an optimal

comparability, we compared image series from the same patients,

which may have led to potential bias though there was a 12-week

interval between evaluations of both series. In addition, reviewers

were blinded to any auxiliary previous imaging studies and only

assessed axial images; this process does not reflect routine clinical

practice for follow-up CT in patients with known neck malig-

nancy and may have influenced diagnostic accuracy.

CONCLUSIONS
Our results demonstrate that low-tube-voltage 80-kVp neck CT

provides a high diagnostic accuracy and interobserver agreement

for the evaluation of various cervical pathologies and suggests that

this technique may be used in routine clinical practice to substan-

tially reduce cumulative radiation exposure for patients.

FIG 2. A 66-year-old female patient with a vascularized mass (arrow) in the left parotid gland. She underwent excision, and a Warthin tumor was
confirmed by histopathology. The increased iodine attenuation with an 80-kVp acquisition (A) results in a distinctly increased image contrast of
the mass compared with the standard 120-kVp acquisition (B) (window settings: width, 400 HU; level, 80 HU).
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