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concentration [7–11] and kilovoltage [12–14]. 
Protocols vary among institutions according 
to the technical characteristics of equipment 
and personal preferences of radiologists.

Many parameters affecting the quality 
of examinations and their accuracy must be 
taken into account when designing a con-
trast-enhanced CT protocol. These include 
CT acquisition parameters (length, kilovolt-
age, milliamperage), patient characteristics 
(weight, height, cardiovascular condition), 
and the contrast medium (quantity, concen-
tration, rate of injection, delay) [6]. No single 
standardized protocol exists for performing 
combined thoracic and abdominal CT, and 
imaging guidelines for lung cancer lack spe-
cific scanning protocol recommendations [1–
5]. When a protocol is suggested, the level of 
evidence is low and primarily based on ex-
pert opinion [15–18].

In contemporary clinical practice with 
newer technologies, there are two commonly 
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C
ontrast-enhanced CT of the chest 
and upper abdomen has an im-
portant role in the initial workup 
and follow-up of lung cancer and 

is one of the examinations most frequently 
requested of thoracic radiologists. Standard 
guidelines in the management of lung cancer 
[1–5] include both chest and upper abdomi-
nal contrast-enhanced CT.

The introduction of MDCT technology has 
dramatically decreased scanning time, mak-
ing it necessary to adjust contrast injection 
and scanning parameters to the capabilities of 
these new technologies [6]. The role of iodin-
ated contrast medium in these examinations 
is to achieve adequate depiction of hilar and 
mediastinal vascular structures together with 
optimal enhancement of tumoral lesions and 
abdominal viscera. The literature on scan-
ning parameters for routine chest or combined 
chest and abdominal CT is limited; a few re-
ports have focused on the influence of contrast 
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OBJECTIVE. The purpose of this study was to evaluate the superiority of either of two pro-
tocols for combined contrast-enhanced thoracic and abdominal CT of patients with lung cancer 
by comparing contrast enhancement, contrast-related artifacts, image quality, and radiation dose. 

SUBJECTS AND METHODS. In this randomized controlled crossover clinical trial, 
77 patients who underwent 203 CT examinations were enrolled. All patients underwent at 
least two examinations performed with both protocols. Protocol A consisted of two acquisi-
tions: one 35-second delayed CT acquisition for the chest followed by a 70-second delayed 
abdominal acquisition. Protocol B was a single 60-second delayed acquisition covering the 
chest and the abdomen. Attenuation and noise of the aorta, pulmonary artery, and liver were 
measured. Contrast-related artifacts, mediastinal lymph node visualization, liver enhance-
ment, and noise were visually scored. Dose-length product was recorded. Statistical analysis 
was performed by t and chi-square tests and kappa statistics. 

RESULTS. Contrast-related artifacts were more severe at all evaluated levels, and visu-
alization of lymph node regions was statistically significantly worse with protocol A. There 
were no differences in enhancement or noise score of the liver. Tumor delineation and pleu-
ral findings were better evaluated with delayed phase images. Dose-length product was 
significantly higher with protocol A (645.0 vs 521.5 mGy · cm; p < 0.0001). 

CONCLUSION. A single 60-second delayed acquisition for thoracic and abdominal 
contrast-enhanced CT is associated with less contrast artifact and affords better visualization 
of lymph nodes at a lower radiation dose while acceptable vascular and hepatic contrast en-
hancement is maintained. 

García-Garrigós et al.
Thoracic and Abdominal CT of Lung Cancer
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accepted methods for performing combined 
contrast-enhanced CT of the chest and abdo-
men. The first incorporates a single delayed 
acquisition that includes the chest and up-
per abdomen. The second method consists of 
two independent CT acquisitions: CT of the 
chest in an early phase after contrast injec-
tion and CT of the upper abdomen including 
the liver in a portal phase. Protocol recom-
mendations [15–18] and literature including 
data about scanning protocols [7–14, 19, 20] 
also are divided on the use of one or two sep-
arate acquisitions for combined chest and ab-
dominal CT. It is therefore unclear whether a 
single delayed phase acquisition of the chest 
and abdomen provides adequate vascular at-
tenuation of the chest while maintaining ad-
equate image quality in the abdomen.

The purpose of our study was to evaluate 
the superiority of either of two protocols (sin-
gle vs dual acquisition) for combined con-
trast-enhanced thoracic and abdominal CT 
in patients with lung cancer by comparing 
contrast enhancement, contrast-related arti-
facts, image quality, and radiation dose. The 
double acquisition protocol included two in-
dependent acquisitions of the chest (ear-
ly phase) and the abdomen (delayed phase). 
The single scan acquisition included both the 
chest and abdomen in the delayed phase.

Subjects and Methods
This prospective randomized controlled cross-

over clinical trial was reviewed and approved by 
the institutional review board and local ethics 
committee. Written informed consent was ob-
tained from all participants in the study.

Patient Population
From May to December 2015, patients referred to 

our department for combined chest and abdominal 
contrast-enhanced CT as initial workup or follow-
up of lung cancer were enrolled in the study. Patients 
were excluded if they had an estimated glomerular 
filtration rate less than 60 mL/min, if they had an 
allergy to iodinated contrast material, or if the con-
trast injection protocol could not be achieved as re-
quired owing to inadequate vein access, extravasa-
tion, or any other problem during contrast injection. 
Patients weighing less than 50 kg or more than 100 
kg were excluded. When the patients were enrolled, 
they were initially randomized to one of the two 
scanning protocols, A or B. On each subsequent im-
aging visit, the other protocol was used.

We initially enrolled 419 patients in the study 
for a total of 557 CT examinations. The patient 
enrollment flowchart is shown in Figure 1. After 

TABLE 1: Patient Demographic Data and Tumor Characteristics

Characteristic Value

Sex

Male 55 (71.4)

Female 22 (28.6)

Age (y) 64.1 (42–83)

Weight (kg) 71.6 (50–100)

Height (cm) 166.3 (150–182)

Histologic result

Adenocarcinoma 40 (51.9)

Squamous 20 (26.0)

Small cell 15 (19.5)

Non–small cell (not otherwise specified) 2 (2.6)

Stage

IA 6 (7.8)

IB 5 (6.5)

IIA 4 (5.2)

IIB 2 (2.6)

IIIA 7 (9.1)

IIIB 4 (5.2)

IV 49 (63.6)

Treatment

Chemotherapy 43 (55.8)

Chemoradiotherapy 17 (22.1)

Surgery 13 (16.9)

Surgery and chemotherapy 3 (3.9)

Radiotherapy 1 (1.3)

Note—Values are number of patients with percentage in parentheses or mean with range in parentheses. 
Stage is based on the system set out in the 7th edition of the American Joint Committee on Cancer lung cancer 
staging manual.

Patients referred to department for combined chest and abdominal contrast-enhanced
CT as initial workup or follow-up of lung cancer

419 Patients (557 examinations) 

Patients with combined chest and abdominal contrast-enhanced CT as initial workup
or follow-up of lung cancer

353 Patients (479 examinations) 

Final study population
77 Patients (203 examinations) 

Exclusion: Estimated glomerular filtration rate less than 60 mL/min, 40 (46)
 Iodinated contrast material allergy, 11 (13)
 Injection protocol not achieved properly, 10 (11)
 Underweight or overweight, 4 (7)
 Declined by patient, 1 (1)

Exclusion: 276 Patients with only one CT scan

Fig. 1—Flowchart shows exclusion and inclusion criteria for study. Values in parentheses are number of CT 
examinations.
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exclusions, the final study population consisted 
of 203 scans of 77 patients. Patient characteris-
tics, histologic results, staging, and treatments are 
detailed in Table 1. The number of CT examina-
tions per patient ranged from two to six; 101 were 
performed with protocol A and 102 with proto-
col B. Weight and height were obtained from pa-
tient clinical charts. There were no statistically 
significant differences in patient sex, age, weight, 
or height in the two protocol groups.

CT Protocols
All CT scans were obtained with a 16-MDCT 

scanner (Somatom Emotion 16, Siemens Health-
care). Protocol A consisted of two acquisitions, 
one of the chest ending at the lung bases beginning 
35 seconds after the initiation of contrast admin-
istration. This was followed by a 70-second de-
layed abdominal acquisition starting at the dome 
of the diaphragm and extending inferiorly. In this 
way there was always overlap of the two acquisi-
tions. In protocol B, the acquisition coverage was 
the same as in protocol A, but a single acquisition 
was performed at 60-second delay.

In both protocols scanning was performed in 
the craniocaudal orientation with the patient in 
supine position with arms above the head. Acqui-
sition began approximately 2 cm above the lung 
apices to include the supraclavicular regions and 
extended through the upper abdomen to include 
the whole liver.

Scan parameters for protocol A were as fol-
lows: collimation, 16 × 1.5 mm; pitch, 1.2; ro-
tation time, 0.6 second; reference tube current–
time products, 150 mAs for the chest and 200 
mAs for the abdomen at 110 kVp. Scan param-
eters for protocol B were as follows: collimation, 

16 × 1.5 mm; pitch, 1.2; rotation time, 0.6 sec-
ond; reference tube current–time product, 170 
mAs at 110 kVp. Automatic tube current modula-
tion (CARE Dose 4D, Siemens Healthcare) was 
switched on for all examinations.

Image reconstruction was performed with a 
medium-smooth soft-tissue kernel (B30) at a slice 
thickness of 5 mm without overlap and a slice 
thickness of 2 mm with 1.2-mm interval (one in-
dependent series each for the chest and another for 
the abdomen) and with a high-spatial-frequency 
reconstruction kernel (B70) at a slice thickness of 
2 mm with 1.2-mm interval for the chest. Finally, 
five series were reconstructed for each patient and 
sent to the PACS in the same order for all patients 
independently of the scanning protocol used. All 
images were reviewed at a PACS workstation at 
window settings appropriate for viewing the lung 
parenchyma (level, −700 HU; width, 1500 HU) and 
the mediastinum (level, 50 HU; width, 400 HU).

All patients received a standardized IV injection 
through a power injector consisting of iomeprol 
(Iomeron, Bracco) with either 350 or 400 mg I/mL 
at a dose of 0.5 g I/kg body weight fixed 40-sec-
ond duration of injection followed by a 30-mL sa-
line chaser at the same rate as for the contrast medi-
um. Contrast concentration was not controlled and 
was subject to availability at the time of the CT ex-
amination. No specific instructions were given to 
the technicians to choose a specific concentration. 
Dose-length product provided by the CT scanner 
was recorded for each examination.

Image Analysis
Two thoracic radiologists (10 and 20 years of 

thoracic CT interpretation experience) blinded to 
the acquisition protocol independently reviewed 

CT images at a PACS workstation (Centricity 
PACS Universal Viewer 6.0, GE Healthcare). They 
were instructed to begin reading at the 5-mm ab-
dominal series to avoid interpretation bias due to 
knowledge of the imaging protocols, which can be 
more apparent in chest series.

Quantitative assessment—Quantitative assess-
ment was performed by placing a circular ROI of 
approximately 1.5 cm2 in the 5-mm-thickness re-
constructions and measuring attenuation values in 
Hounsfield units. Thoracic vascular attenuation 
measurements were performed in the pulmonary 
trunk at the level of the bifurcation and in the as-
cending and descending thoracic aorta, all at the 
same slice level. Abdominal attenuation measure-
ments were in the left hepatic lobe, anterior and 
posterior right hepatic lobes, right erector spinae 
muscle, spleen, and aorta at the level of the main 
portal vein, all at the same slice level.

The size of the ROI in the muscle was adapted 
to avoid inclusion of fat in the measurement. Ves-
sels, bile ducts, focal steatosis, and other focal le-
sions were avoided when placing the ROI in the 
liver and spleen. When there was clearly promi-
nent diffuse hepatic steatosis, liver attenuation 
measurements from that patient were excluded 
from analysis by consensus of the two readers. SD 
of the measurement of the anterior right hepatic 
lobe was registered as image noise. Mean attenu-
ation of the liver was calculated as the average of 
the three hepatic measurements. Contrast-to-noise 
ratio (CNR) and signal-to-noise ratio (SNR) of the 
liver were calculated according to the following 
formulas [13, 21]: CNR = (mean attenuation of the 
liver − ROI attenuation of the muscle) / noise of 
the liver; SNR  = mean attenuation of the liver / 
noise of the liver.

A
Fig. 2—57-year-old man with squamous lung carcinoma.
A and B, Axial contrast-enhanced helical CT scans obtained with protocols A (A) and B (B) show severe perivenous artifact limiting evaluation of lymph node at 4R nodal 
station (arrow). Protocol B (B) shows absence of perivenous artifacts and excellent delimitation of node at 4R station (arrow).
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Qualitative analysis—Qualitative analysis was 

performed in 5-mm-thick reconstructions. Perive-
nous artifacts at three levels (subclavian and axil-
lary veins on the side of injection, supraclavicular 
region on the side of injection, and bilateral bra-
chiocephalic veins or superior vena cava) were 
graded as follows: 1, no artifact; 2, artifact present 
not interfering with evaluation; 3, severe artifact 
limiting evaluation. Similarly, evaluation of poten-
tial lymph nodes adjacent to the vessels in the axil-
lary and subclavian regions, supraclavicular region, 
levels 2R and 2L, and level 4R was graded accord-
ing to the following scale: 1, excellent, vessels and 
surrounding tissue clearly defined; 2, good, some 
evident artifacts present but not limiting evaluation; 
3, poor, severe artifacts potentially limiting lymph 
node margins and subsequent measurements.

Presence of possible atelectasis associated with 
the tumor was evaluated. When it was found, ob-
servers were asked to grade tumor delineation 
from surrounding tissues in the chest series on 
the following scale: 1, excellent delineation of 
the tumor; 2, acceptable differentiation of tumor 
margins from possible atelectasis; and 3, bad de-
lineation of the tumor. They also evaluated the 
presence of pleural effusion; when they found it, 
they graded visualization of pleural thickening or 
nodules according to the following scale: 1, excel-
lent definition; 2, acceptable definition; 3, poor 
definition. In the same way, they were asked to de-
termine the visual assessment of the liver on the 
following scale: 1, excellent definition; 2, accept-
able definition; 3, poor definition.

The presence of hepatic metastases was evaluat-
ed, and if there were any suspicious lesions, quali-
tative analysis of tumor conspicuity was performed 
independently in the thoracic and abdominal series 
with the same criteria as for the liver. Finally, noise 
in the liver images was subjectively graded on the 
following 5-point scale: 1, no appreciable noise; 

TABLE 2: Quantitative Analysis Results for Protocols A and B

Characteristic Reader

Protocol A 
(n = 101)

Protocol B 
(n = 102)

pMean SD Mean SD

Pulmonary artery attenuation (HU) 1 331.8 75.6 200.6 23.8 0.000

2 329.5 73.1 199.7 22.9 0.000

Pulmonary artery noise (HU) 1 12.5 2.5 10.1 2.1 0.000

2 13.4 2.6 10.6 1.9 0.000

Ascending aorta attenuation (HU) 1 317.2 50.8 203.0 28.4 0.000

2 312.5 57.2 202.3 27.5 0.000

Descending aorta attenuation (HU) 1 297.1 48.7 193.1 32.4 0.000

2 295.4 51.7 194.9 30.8 0.000

Abdominal aorta attenuation (HU) 1 166.7 22.2 185.5 25.7 0.000

2 167.2 20.2 183.6 24.2 0.000

Anterior right hepatic lobe attenuation (HU)a 1 118.6 14.1 122.2 14.3 0.081

2 117.5 18.1 120.6 16.7 0.208

Anterior right hepatic lobe noise (HU) 1 12.2 2.6 12.3 3.0 0.752

2 11.9 2.1 12.4 2.7 0.154

Posterior right hepatic lobe attenuation (HU)a 1 113.9 13.4 117.2 13.7 0.090

2 113.5 13.0 116.2 13.8 0.161

Left hepatic lobe attenuation (HU)a 1 120.9 15.5 124.1 14.3 0.129

2 119.8 14.4 124.8 13.4 0.011

Mean hepatic attenuation (HU)a 1 117.8 13.5 121.2 12.4 0.070

2 116.9 13.8 120.5 13.1 0.059

Splenic attenuation (HU) 1 118.3 12.5 134.5 19.0 0.000

2 118.6 11.7 134.5 17.2 0.000

Hepatic contrast-to-noise ratioa 1 5.7 1.8 6.1 2.1 0.240

2 5.7 1.6 5.7 1.8 0.892

Hepatic signal-to-noise ratioa 1 10.1 2.6 10.5 2.9 0.432

2 10.1 2.2 10.1 2.5 0.889

Dose-length product (mGy · cm) 645.0 159.9 521.5 96.7 0.000
an = 100 in protocol A and n = 101 in protocol B owing to exclusion of one patient with diffuse hepatic steatosis.

A
Fig. 3—64-year-old man with lung adenocarcinoma.
A and B, Axial contrast-enhanced helical CT scans were obtained with protocols A (A) and B (B). Protocol A (A) shows poor tumor delineation (asterisk) from pleural 
effusion (arrowhead) and 4R lymph node (arrow). Perivenous artifact is present at superior vena cava. Scan obtained 3 months later using protocol B (B) shows excellent 
differentiation of the tumor (asterisk), pleural effusion (arrowhead), and 4R lymph node (arrow).
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2, minimum noise; 3, average noise not disturb-
ing liver evaluation; 4, above average noise; 5, too 
much noise, potentially limiting evaluation.

Presence or absence of pulmonary embolism 
was assessed on 2-mm-thickness images. When 
present it was classified as central (segmental or 
proximal pulmonary arteries), peripheral, or both.

Statistical Analysis
The two protocol groups were compared by 

chi-square test for sex and age and unpaired t test 
for weight and height. The quantitative measure-
ments between the two protocol groups and be-
tween iodine concentrations were compared by 
t test. A paired t test was used to compare consec-
utive measurements between the two protocols in 
the same patient. The qualitative analysis results 
were compared between protocols by chi-square 
test. Weighted kappa statistics were used to mea-
sure the degree of agreement between observers 
in evaluation of qualitative variables. Statistical 
analysis was performed with the software package 
SPSS Statistics (version 21, IBM). Statistical sig-
nificance was set at 0.05.

Results
Quantitative Assessment

The mean enhancement of the pulmonary 
artery, ascending aorta, and descending aorta 
was significantly greater with protocol A than 
with protocol B for both independent observ-
ers (Table 2). Pulmonary artery enhancement 
was less than 150 HU in two examinations 
performed with protocol B and less than 211 
HU in five performed with protocol A. There 
were no statistically significant differences 
in any abdominal liver attenuation measure-
ments or in calculated abdominal CNR and 
SNR measurements except for left hepatic 
lobe attenuation by reader 2, which was high-
er with protocol B (Table 2). There was statis-
tically significant greater enhancement of the 
spleen and abdominal aorta with protocol B. 
When paired t test analysis was performed on 
a subset of 182 consecutive examinations (91 
paired consecutive examinations with proto-
col A and B in the same patients), differenc-
es between protocols were also statistically 
significant in the thoracic vessels, spleen, and 
abdominal aorta for both readers.

Regarding the effect of contrast iodine 
concentration, pulmonary artery attenuation 
with protocol A showed greater enhance-
ment with the lower concentration of iodinat-
ed contrast medium. There was otherwise no 
statistically significant difference in vascular 
or parenchymal enhancement between the 
two iodine concentration groups (Table S1).

Dose-length product was statistically 
significant higher with protocol A than with 

TABLE 3: Qualitative Analysis Results for Protocols A and B

Grade Protocol A (n = 101) Protocol B (n = 102) p

Axillary lymph nodes 0.000

Reader 1

1 2 (2.0) 27 (26.5)

2 1 (1.0) 38 (37.3)

3 98 (97.0) 37 (36.3)

Reader 2 0.000

1 1 (1.0) 35 (34.3)

2 2 (2.0) 35 (34.3)

3 98 (97.0) 32 (31.4)

Supraclavicular lymph nodes

Reader 1 0.000

1 0 (0.0) 58 (56.9)

2 16 (15.8) 35 (34.3)

3 85 (84.2) 9 (8.8)

Reader 2 0.000

1 0 (0.0) 71 (69.6)

2 19 (18.8) 22 (21.6)

3 82 (81.2) 9 (8.8)

2R Lymph nodes

Reader 1 0.000

1 6 (5.9) 102 (100.0)

2 37 (36.7) 0 (0.0)

3 58 (57.4) 0 (0.0)

Reader 2

1 6 (5.9) 99 (97.0)

2 28 (27.7) 2 (2.0)

3 67 (66.3) 1 (1.0)

4R Lymph nodes

Reader 1 0.000

1 5 (5.0) 102 (100.0)

2 41 (40.6) 0 (0.0)

3 55 (54.5) 0 (0.0)

Reader 2 0.000

1 5 (5.0) 102 (100.0)

2 35 (34.6) 0 (0.0)

3 61 (60.4) 0 (0.0)

Hepatic parenchymal enhancement

Reader 1 0.474

1 97 (96.0) 97 (95.1)

2 3 (3.0) 5 (4.9)

3 1 (1.0) 0 (0.0)

Reader 2 0.745

1 97 (96.0) 97 (95.1)

2 4 (4.0) 5 (4.9)

3 0 (0.0) 0 (0.0)

(Table 3 continues on next page)
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B (645.0 ± 159.9 vs 521.5 ± 96.7 mGy · cm; 
p < 0.0001) because of overlap of thoracic and 
abdominal acquisitions and a higher reference 
tube current–time product for the abdomen.

Visual Assessment
Contrast-related perivenous artifacts (Fig. 

2) were more severe with protocol A for all 
levels evaluated, and the difference was sta-

tistically significant (Table 3). Subsequently, 
mediastinal lymph nodes levels were judged 
to be evaluated worse with protocol A than 
with B. Neither liver assessment score nor 
subjective noise grade exhibited statistical-
ly significant differences between protocols 
(Table 3). 

Agreement between observers was good 
to excellent for the qualitative variables, ex-
cept for hepatic noise evaluation, which had a 
kappa value of 0.556 (Table 4). Tumor delin-
eation was evaluated by readers 1 and 2 using 
both protocols for 19 readings in 14 patients. 
Protocol B performed better than protocol A 
(Fig. 3) in 13 cases interpreted by reader 1 
and 10 cases by reader 2. In contrast, only 
one reading performed better with protocol 
A than with protocol B.

The thoracic phase was compared with 
the abdominal phase of protocol A for 
grading of pleural findings, including pleu-
ral thickening and nodules associated with 
pleural effusions in 37 examinations. In 18 
cases, both observers scored pleural findings 
better during the abdominal phase of proto-
col A (Fig. 4). Mean scores for both proto-
col B and the abdominal phase of protocol 
A (reader 1, 1.28; reader 2, 1.19) were better 
than for the early phase of protocol A (read-
er 1, 1.83; reader 2, 1.72; p < 0.001), a score 
of 1 being excellent definition and 3 poor 
definition of pleural findings.

Hepatic metastases were evaluated by 
both observers for 20 examinations of nine 
patients. There was no interobserver dis-
agreement on lesion detectability between 
protocols A and B. Nine examinations were 
performed with protocol A. In three of them, 
both thoracic and abdominal phases were 
graded 1 by both observers. In the other six 
examinations, observers scored the abdomi-
nal phase better than the thoracic phase.

TABLE 3: Qualitative Analysis Results for Protocols A and B (continued)

Grade Protocol A (n = 101) Protocol B (n = 102) p

Hepatic noise

Reader 1 0.204

1 0 (0.0) 0 (0.0)

2 32 (31.7) 34 (33.3)

3 69 (68.3) 65 (63.7)

4 0 (0.0) 3 (2.9)

5 0 (0.0) 0 (0.0)

Reader 2 0.697

1 0 (0.0) 0 (0.0)

2 44 (44.0) 40 (39.2)

3 56 (55.0) 60 (58.8)

4 1 (1.0) 2 (2.0)

5 0 (0.0) 0 (0.0)

Axillary artifact

Reader 1 0.000

1 1 (1.0) 17 (16.7)

2 0 (0.0) 46 (45.1)

3 100 (99.0) 39 (38.2)

Reader 2 0.000

1 1 (1.0) 25 (24.5)

2 2 (2.0) 43 (42.2)

3 98 (97.0) 34 (33.3)

Supraclavicular artifact

Reader 1 0.000

1 2 (2.0) 47 (46.1)

2 7 (6.9) 47 (46.1)

3 92 (91.1) 8 (7.8)

Reader 2 0.000

1 0 (0.0) 66 (64.7)

2 18 (17.8) 27 (26.5)

3 83 (82.2) 9 (8.8)

Caval artifact

Reader 1 0.000

1 2 (2.0) 98 (96.1)

2 34 (33.7) 4 (3.9)

3 65 (64.4) 0 (0.0)

Reader 2 0.000

1 2 (2.0) 96 (94.1)

2 32 (31.7) 6 (5.9)

3 67 (66.3) 0 (0.0)

Note—Values in parentheses are percentages.

TABLE 4: Kappa Correlation Between 
Readers in Qualitative 
Variables Assessment

Variable κ

Axillary lymph nodes 0.760

Supraclavicular lymph nodes 0.800

2R Lymph nodes 0.845

4R Lymph nodes 0.854

Hepatic parenchymal enhancement 0.884

Hepatic noise 0.556

Axillary vein artifact 0.710

Supraclavicular vein artifact 0.715

Vena cava artifact 0.881
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Pulmonary embolism was diagnosed in 
eight patients, five with protocol A (one cen-
tral, four both central and peripheral) and 
three with protocol B (one central, one pe-
ripheral, and one both central and peripher-
al). When available, previous CT scans were 
reviewed for potentially missed pulmonary 
emboli, although none were discovered.

Discussion
Contrast-enhanced CT of the chest and 

upper abdomen plays an essential role in 
staging and follow-up of lung cancer. How-
ever, appropriate recommendations for the 
optimal scanning protocol are lacking. The 
goals of the radiologist in combined contrast-
enhanced CT of the chest and abdomen are 
to achieve optimal contrast opacification of 
systemic and pulmonary vessels, avoid con-
trast-related artifacts, and obtain adequate 
contrast enhancement of lesions, the liver, 
and other viscera.

In clinical practice, two distinct protocols 
exist for combined contrast-enhanced chest 
and abdominal CT. The first is similar to that 
used in classic single-detector scanners with 
one early (20- to 35-second delayed) acquisi-
tion for the chest and a second delayed por-
tal venous phase for the abdomen. The sec-
ond protocol consists of a single acquisition 
covering the whole chest and upper abdomen 
with a scanning delay that includes the liv-
er during the portal venous phase. However, 
information is lacking about the advantages 
and disadvantages of these protocols, more 

specifically, whether a single delayed acqui-
sition of the chest and abdomen provides ad-
equate vascular enhancement in the chest 
while maintaining image quality in the ab-
domen. In this setting, we conducted a ran-
domized trial to evaluate these protocols and 
determine whether differences exist between 
these scanning options.

A primary concern with use of an ear-
ly phase in contrast-enhanced chest CT, is 
the presence of perivenous artifacts caused 
by concentrated contrast medium entering 
through the superior vena cava. When se-
vere, these artifacts can blur perivascular 
structures and limit evaluation of mediastinal 
lymph nodes, particularly the superior medi-
astinal chains. Use of a saline chaser bolus 
after contrast injection reduces contrast dose 
and artifacts in the chest [22, 23], although 
this has no effect on liver enhancement [24]. 
In our series, the frequency of substantial 
contrast-related perivenous artifacts in proto-
col A was greater than that in other studies 
[8, 22, 23]. However, most of the patients in 
those studies received a lower total dose of io-
dine and had shorter injection times than our 
patients did. Regarding contrast-related peri-
venous artifacts, our results show benefits of 
a 60-second delayed chest scan. The reasons 
for this are likely twofold. On one hand, the 
contrast delay with saline push promotes ap-
propriate contrast washout and clearing of the 
veins [23]. On the other hand, contrast medi-
um is already recirculating, resulting in op-
timal, homogeneous enhancement of jugular, 

subclavian, and brachiocephalic veins and the 
superior vena cava [6, 25].

As expected, there were obvious differ-
ences in contrast enhancement of thoracic 
vessels between the two protocols; greater 
attenuation was found in the early phase of 
protocol A than in protocol B for all levels 
analyzed. In the vast majority of patients, at-
tenuation values for the aorta and pulmonary 
artery were greater than 200 HU with pro-
tocol A, a level acceptable for angiographic 
studies. For protocol B, levels were greater 
than 150 HU in most patients, a value con-
sidered acceptable for routine chest scanning 
[17]. More than 93% of patients undergoing 
protocol A had attenuation greater than 211 
HU, a value that Wittram [26] suggested is 
the theoretic minimum attenuation required 
to see pulmonary venous thromboemboli; 
only 35% of patients receiving protocol B did 
so. From our point of view, however, attenu-
ation values achieved in protocol B are suit-
able for routine clinical evaluation of the me-
diastinal and vascular structures with chest 
CT. It can be assumed that protocol B is less 
effective for detecting pulmonary emboli, 
but in general we are not seeking pulmonary 
emboli when performing CT for lung cancer 
evaluation. Although unsuspected pulmo-
nary embolism involving peripheral pulmo-
nary arteries is fairly frequent in this popula-
tion [27], this would not make us change our 
primary imaging objectives.

One of the advantages of delayed scan-
ning of the chest is theoretic optimal contrast 

A
Fig. 4—48-year-old woman with lung adenocarcinoma and metastatic pleural effusion.
A, Axial contrast-enhanced helical CT scan obtained with protocol B shows excellent definition of pleural thickening at costal and mediastinal pleura (arrows) graded 1 
by both observers.
B, Axial early phase contrast-enhanced CT scan obtained with protocol A 3 months after A shows acceptable definition of pleural thickening (arrows) graded 2 by both 
observers.

B
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opacification of tumoral lesions due to tim-
ing of the contrast bolus, greater contrast dis-
tribution occurring in the extravascular in-
terstitial space. In thoracic imaging, this is 
particularly relevant for evaluation of pleural 
thickening, tumoral lesions accompanying 
pleural effusions, and differentiation and de-
lineation of lung tumors. The British Thorac-
ic Society statement on malignant mesothe-
lioma [16] recommends a 60-second delayed 
scan for this specific reason. Pleural thicken-
ing or nodules can be difficult to distinguish 
during the early phases of contrast-enhanced 
chest CT owing to lack of contrast enhance-
ment. This is particularly true in compari-
sons of data from pulmonary CT angiog-
raphy with data from routine thoracic CT 
during the venous phase, as shown in a recent 
report [28] on the diagnostic performance of 
routine CT in patients with suspected pleural 
malignancy. Using 60-second delayed scan-
ning, Raj et al. [29] found greater contrast of 
pleural surfaces using higher doses of con-
trast medium. In our series, images from the 
abdominal phase in either protocol A or pro-
tocol B scored better than the early phase of 
the chest scan. Regarding delineation of lung 
tumors, their appearance and differentiation 
from atelectasis is variable. According to our 
results, however, in 14 patients with persis-
tent tumoral lesions and atelectasis on two 
consecutive scans, protocol B was superior 
to protocol A in most cases.

To our knowledge, no study has system-
atically evaluated the need for an arterial 
phase of the liver in imaging of metastases 
of lung cancer. Therefore, these CT scans are 
usually obtained only in the portal phase [9, 
19]. In our series, liver lesion definition was 
considered better in the delayed abdominal 
phase than in the thoracic phase in 66% of 
scans showing metastases in both phases. 
For adequate tumor–to–normal liver con-
trast, the most important factors to be con-
sidered are the total amount of iodine deliv-
ered and body weight [6, 19]. For this reason, 
protocols for patients with cancer must take 
into consideration the contrast dose adapted 
to the patient’s specific body characteristics, 
as in our study. Although other body size in-
dexes have been suggested [30], body weight 
at doses of 0.5–0.6 g I/kg is the most fre-
quently used owing to its simplicity [17, 19, 
31, 32]. Contrast enhancement, noise, calcu-
lated CNR and SNR, and visual assessment 
of the liver were not different for the portal 
phases of the two protocols, making both ab-
dominal phases equivalent in terms of en-

hancement and quality. Moreover, attenua-
tion of the spleen and abdominal aorta was 
even higher with protocol B.

As also shown in other studies [8, 9], use 
of protocol A resulted in a higher degree of 
enhancement of the pulmonary artery with 
a lower iodine contrast concentration. How-
ever, iodine concentration has been found [9, 
33] to have no effect on liver enhancement. 
The primary advantage of higher concentra-
tion of contrast medium is allowing a lower 
injection rate to provide the same amount of 
iodine injected for a specific time.

Finally, although the primary purpose of 
our study was to acquire scientific evidence 
and establish imaging protocol recommen-
dations for CT of the chest in lung cancer, 
our results can be extrapolated to routine 
contrast-enhanced CT of the chest, abdomen, 
and pelvis for other neoplasms.

Our study had limitations. First, we fo-
cused on comparing a primary variable in 
the combined chest and abdominal CT scan 
protocol, which is the delay after the start of 
contrast administration. It can be argued that 
variation of other variables could overcome 
some of the problems detected in the evalu-
ation of the images. However, the contrast in-
jection parameters (overall contrast dose, de-
livery rate, injection duration, saline chaser 
volume and rate) and the scanning parameters 
(tube voltage and current, pitch, and others) 
were selected according to established clini-
cal practices and existing evidence in the liter-
ature. Second, 110-kV tube voltage was used 
because of our existing manufacturer volt-
age configuration. When designing the study, 
we chose the 16-MDCT among the available 
scanners at our institution for being one of the 
most commonly used scanners at radiology 
facilities. Scanning times are similar for most 
16-MDCT scanners, although that tube volt-
age is not so broadly extended. The lower tube 
voltage compared with 120 kV could increase 
attenuation values. Although further studies 
are necessary for confirmation, we routinely 
perform similar scanning protocols with other 
scanners using both 100 kV and 120 kV with 
similar clinically acceptable results. The same 
applies to tube current, which was fairly high 
in both protocols. Weight-based tube volt-
age and current should be applied in routine 
practice. Third, while reading the images, the 
observers could suspect which protocol was 
used in each case, leading to possible interpre-
tation bias. To partially overcome this prob-
lem, the readers were asked to begin reading 
during the abdominal phase.

Conclusion
For patients with lung cancer, a single 

60-second delayed acquisition for contrast-
enhanced CT of the chest and abdomen is 
preferable to two separate acquisitions. It 
decreases contrast-related perivenous ar-
tifact, facilitates evaluation of mediastinal 
lymph node stations and pleural lesions, and 
improves tumor delineation. These bene-
fits are achieved while the same abdominal 
enhancement and quality are maintained at 
lower but acceptable thoracic vascular en-
hancement and a lower radiation dose.
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