
Abstract. Purpose: To evaluate the image quality and the
diagnostic efficacy by single-phase whole-body 64-slice
multidetector CT (MDCT) for pediatric oncology. Patients
and Methods: Chest-abdomen-pelvis CT examinations with
single-phase split-bolus technique were evaluated for T:
detection and delineation of primary tumor (assessment of
the extent of the lesion to neighboring tissues), N: regional
lymph nodes and M: distant metastasis. Quality scores (5-
point scale) were assessed by two radiologists on
parenchymal and vascular enhancement. Results: Accurate
TNM staging in term of detection and delineation of primary
tumor, regional lymph nodes and distant metastasis was
obtained in all cases. On the image quality and severity
artifact, the Kappa value for the interobserver agreement
measure obtained from the analysis was 0.754, (p<0.001),
characterizing a very good agreement between observers.
Conclusion: Single-pass total body CT split-bolus technique
reached the highest overall image quality and an accurate
TNM staging in pediatric patients with cancer.

Development of advanced techniques, fast acquisition and
radiation dose-modulation technologies has allowed an
increased use of multi-detector computed tomography
(MDCT) as diagnostic tool in infants and children (1), even
though the information about examination protocols are
scarce. Attention must be especially given to adapting
protocols to suit children, taking into account that they are
more sensitive to radiation than adults and that they have a
longer life expectancy (2-4). International organizations and
the U.S. Food and Drug Administration (FDA) have published
a set of recommendations aimed at minimizing CT radiation
doses to be as low as reasonably achievable, especially for
children and small adults (5-8). Up to 31% of pediatric body
computed tomography (CT) examinations are multi-phase,
while others report portal-venous phase (1, 9, 10). 

At our Institution, we replaced multiphasic and portal-
venous phase (PVP) MDCT protocols at initial examination
and follow-up of oncological pediatric patients by splitting
the intravenous contrast material into two boli and combining
phase images in a single scan (“split-bolus” MDCT protocol),
with significant reduction of the required radiation dose (11). 

The aim of the present study was to report an innovative
protocol by split-bolus MDCT technique in children and
small adults with cancer.

Patients and Methods

Patients. The study was retrospective and images were obtained for
routine clinical examinations, therefore a formal approval of the
Institutional Review Board of this study was not necessary. However,
our Institutional Ethics Committee approved the use of this protocol of
split-bolus MDCT in our oncologic patients (CEAS no. 1658/13/AV).
Written informed consent for all included patients was given by the
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parents for the use for research purposes of their CT data. A total of 29
consecutive oncological patients (11 males and 18 females; age range=4
months to 16 years, mean age=9.3 years; weight between 5 and 55 kg,
mean weight=36.2 kg), from June 2014 to September 2014, underwent
split-bolus MDCT scanning of the chest, abdomen and pelvis as a part
of initial MDCT (n=9) or follow-up (n=20).

All patients had histologically confirmed primary malignant
cancer, typical of childhood: Hodgkin's (HL) and non-Hodgkin's
lymphoma (NHL): n=14; neuroblastoma: n=5; Wilms' tumor: n=4;
hepatoblastoma: n=1; osteosarcoma and Ewing’s tumor: n=4; and
rabdomiosarcoma (n=1). No patient had cardiovascular insufficiency.

Split-bolus MDCT protocol. All patients were scanned at two
institutions by a Philips Brilliance 64-detector row scanner (Philips
Healthcare, Best, the Netherlands). The scanning parameters were
tube voltage, 80-100 kVp; a weight-based tube current adjustment
from 30 to 140 mAs for each section; collimation, 64×0.625 mm;
pitch, 0.935 without ECG gating; rotation time, 0.75 s; slice
thickness, 2.0 mm; and reconstruction interval, 1.0 mm. The
automatic online dose modulation (Z-DOM Brilliance 640; Philips
Medical Systems Nederland) was then turned on. Another set of
images was reconstructed for pulmonary parenchyma. MDCT
examinations were completed with sagittal, coronal and curved
multiplanar reconstructions (MPR).

Our protocol consisted of a single acquisition of the chest,
abdomen and pelvis after intravenous (i.v.) injection of contrast
material (350 mgI/ml Iomeron-Bracco Milano, Italy; 320 mg/ml
Visipaque-GE Healthcare, Princeton, New Jersey, USA), split into
two boli (Figure 1) by a power injector (Stelland CT; Medrad,
Indianola, PA, USA) attached to two syringes, one containing
contrast medium and one containing saline flush solution connected
to a 20-24 G needle by a three-way stopcock. 

The volume of contrast medium, duration of injection for the first
and second bolus of contrast material and total injection time, related
to patient weight and established on the basis of broad clinical
experience and literature data (11-16), are reported in Table I. 

The first bolus of contrast medium (1.2 ml/kg), at flow rate
ranged from 0.5 to 1.5 ml/s allowed adequate parenchymal and
venous enhancement (e.g. hepatic parenchymal during PVP). The
injection duration of the first bolus of contrast medium including

saline solution at the same flow rate and ranged from 5 to 15 ml.
The second bolus of contrast medium (0.8 ml/kg) at a flow rate of
1-3 ml/s was used to obtain the hepatic arterial phase (HAP). 

Using the scout film, a scan range from the pulmonary apex or
diaphragm to the pubic symphysis was determined. Then the region
of interest (ROI) of the bolus-tracking technique [raising the
threshold value to 500 Hounsfield units (HU)] was placed on the
descending aorta. After contrast injection of the first bolus of
contrast material, bolus-tracking was initiated and when the ROI
indicated the arrival of the contrast material in the aorta, the scan
was started cranio-caudally after at least 6 s from the arrival of the
contrast in the aorta. The inherent 6 s delay in the bolus-tracking
technique is necessary to move the scan table to the start of the
scan, give breath-hold instructions to the patient, and tune the gantry
parameters. A single contrast-enhanced acquisition of the chest,
abdomen and pelvis was obtained, resulting in a simultaneous
contrast enhancement of the arterial and venous system. 

Image analysis. All CT images were retrieved from the Institutional
image archiving and communication system (PACS; Agfa Impax
RIS Healthcare, Mortsel, Belgium, EU) and displayed and reviewed
on a clinical workstation. Mean attenuations of the aorta at level of
the celiac trunk, main portal vein and right lobe of the liver and
renal cortex were measured using a circular ROI cursor by
radiologists with experience in interpreting body CT images. CT
attenuation values of hepatic parenchyma were measured in two
areas (right posterior and left lateral segments) and averaged. Any
focal parenchymal lesion, blood vessel, or artifact was carefully
excluded from areas of hepatic attenuation measurement. 

All CT images were reviewed in consensus by two radiologists
(almost 25 and 5 years of experience in interpreting whole-body CT
images). Assessments were based on the diagnostic quality of
images of the entire mediastinum (analysis of both vascular and
nonvascular structures), aorta, main portal vein, liver, renal cortex
and pancreas. Qualitatively, the images were analyzed in relation to
the TNM: detection and delineation of the primary tumor
(assessment of the extent of the lesion to neighboring tissues),
regional lymph nodes and distant metastasis. 

Image quality was rated on the following 5-point scale: 1: excellent
(excellent definition of tumor/metastases, excellent delineation of the
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Table I. Split-bolus MDCT technique: total contrast medium volume related to patients weight, duration and flow rate for the first and second bolus
of contrast material followed by saline solution.

Patient Contrast medium 1th Bolus (ml)/ Saline (ml)/ 1th bolus 2nd Bolus (ml)/ Saline (ml)/ 2nd Bolus Total
weight (kg) volume (ml) flow rate (ml) flow rate (ml) duration (s) flow rate (ml) flow rate (ml) duration (s) duration (s)

55 110 66/1.5 15/1.5 54 44/3.0 15/3.0 20 74
50 100 60/1.5 15/1.5 50 40/3.0 15/3.0 18 68
45 90 54/1.3 10/1.3 49 36/3.0 15/3.0 17 66
40 80 48/1.3 10/1.3 44.6 30/2.0 10/2.0 20 64.6
35 70 42/1.2 10/1.2 43.3 28/2.0 10/2.0 19 62.3
30 60 36/1.0 10/1.0 46 20/2.0 10/2.0 15 61
25 50 30/1.0 10/1.0 40 20/2.0 8/2.0 14 54
20 40 24/1.0 5/1.0 29 16/2.0 5/2.0 10.5 39.5
15 30 20/1.0 5/1.0 25 10/1.5 5/1.5 10 35
10 20 12/0.8 5/0.8 21 8/1.0 5/1.0 13 34
5 10 6/0.5 2/0.5 16 4/1.0 2/1.0 6 24



structures); 2: good (good definition of tumor/metastases, minimal
image noise); 3: adequate (adequate definition of tumor/metastases,
slight impact of image noise, sufficient for diagnosis); 4: poor (poor
definition of tumor/metastases, low attenuation and difficult delineation
of the structures, increased image noise, diagnostic confidence
reduced); 5: unacceptable/non-diagnostic.

Factors reducing image quality (obesity, motion, metallic
artifacts, contrast medium flow-related, and contrast timing) were
recorded by the radiologists. 

As reported in the literature (17-20), the criterion used at our
Institution to define optimal opacification were values of 149 HU
or greater for the aorta at the level of celiac trunk, 141 HU for the
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Figure 1. Schematic view of split bolus 64-detector row computed tomographic scanning of the chest abdomen and pelvis in a 30 kg patient. First
bolus [at the start of bolus injection (or time zero)]: 36 ml of contrast medium at 1.0 ml/s, followed by 10 ml of saline solution at the same flow rate,
was injected to obtain adequate parenchymal and venous system enhancement. Second bolus: 24 ml of contrast medium at 2.0 ml/s followed by 10
ml of saline solution at the same flow rate to obtain hepatic arterial phase. We used bolus tracking (raising the threshold value at 500 HU) set with
a circular region of interest placed on the descending aorta. Scan started cranio-caudally from the pulmonary apex to the pubic symphysis after a
delay of at least 6 s from the arrival of the contrast medium in the aorta. A single acquisition was performed, resulting in simultaneous contrast
enhancement of the arterial and venous system. 

Figure 2. Split-bolus of the chest abdomen and pelvis in a 14-year-old male (weight 50 kg) with non-Hodgkin lymphoma revealing lymph nodes in the
mediastinum and in the right hilum (a-d). Note the optimal enhancement of the mediastinal arteries and veins. Coronal multiplanar reconstruction (e). 



main portal vein, 116 HU for the right lobe of the liver, 197 HU for
the renal cortex and 121 HU for pancreatic parenchyma. In solid
organs, the ROI was chosen in an area of parenchyma that had
maximal density, and were free of injury, vessels, and artifacts.
Mean and standard deviation (SD) enhancement values were
calculated for combined HAP/PVP split-bolus protocol. 

The appearance of parenchymal focal lesions at single-pass split-
bolus MDCT was described on the basis of the attenuation and
homogeneity of the lesion according to the typical features at
multiphasic MDCT reported in the literature (11). The standard of
reference for focal parenchymal lesions was given by biopsy results
and clinical-imaging follow-up, of at least six months.
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Figure 3. Split-bolus of the chest abdomen and pelvis in a 4-year-old female (weight 15 kg) with  neuroblastoma showing retroperitoneal periaortic
solid tissue containing calcification with encasement of the renal arteries (arrows in a, b). Coronal multiplanar reconstruction (c) demonstrated
the cranio-caudal extension of the lesions (arrows). 

Figure 4. Split-bolus of the chest abdomen and pelvis in a 2-year-old boy (weight 12 kg) with Wilms’ tumor in the left kidney showing the voluminous
mass of the left kidney with controlateral displacement beyond the midline. Note massive thrombosis of the right renal vein (*in a,b), calycectasia
(head arrow in b), displacement of the left renal artery (arrow in b), and extension of the tumor in coronal (c), and sagittal (d) multiplanar
renconstructions. No involvement of the lymph nodes was seen. 



Statistical analysis. Statistical analysis was performed by using a
commercially available software package (SPSS for Windows,
version 15.0, Chicago, Illinois, USA). Agreement of both reviewers
on image quality was assessed with linear weighted kappa statistics
or using the Wilcoxon Mann-Whitney U-test as the data were
nonparametric. The strength of agreement was categorized as non
diagnostic or slight (ĸ= 0.00-0.20), poor or fair (ĸ=0.21-0.40),
regular or moderate (ĸ=0.41-0.60), very good or substantial
(ĸ=0.61-0.80), almost excellent/perfect to perfect (ĸ=0.81-1.00)
according to Cohen and Fleiss kappa statistic method. A confidence
interval (CI) of 95% was considered.

Radiation dose analysis. The dosimetric evaluation was carried out
by analyzing the split-bolus MDCT examinations of all patients
included in the study. Radiation dose was based on volume CT dose
index (CTDIvol) and dose-length product (DLP) which were
evaluated using the patient protocol saved in our PACS system after
each examination. The effective dose (ED, in Sv) was calculated
using the following equation: ED=k×DLP, where k=conversion
coefficient. We used the conversion coefficient reported in literature
(21-23). The calculated dose for the split-bolus was compared with
that of the standard CT protocol previously used in the literature
(24) for examination of pediatric patients.

Results

The MDCT split-bolus protocol allowed for images of high
quality and accurate TNM staging in all cases (29/29).

In 14 patients with HL (n=5) and NHL (n=9) (Figure 2),
staging was performed according to the Ann Arbor Staging
classification and the St. Jude Children’s Research Hospital
Staging Classification, respectively (25-27). Mediastinal
lymph nodes were revealed in HL (n=5) and NHL (n=6) and
enlarged abdominal and pelvic nodes in NHL (n=3). 

In the staging of patients with abdominal neuroblastoma
(n=3) (Figure 3), according to the International Society of

Pediatric Oncology Europe Neuroblastoma Group (SIOPEN)
classifying locoregional tumors as resectable or unresectable
on the basis of the presence of absence of a series of
“imagine-defined risk factors” (IDRFs) detected with CT
(28), independently of stage, tumor was unresectable in all
cases. CT accurately defined tumor size and the relationship
between the mass and adjacent structures in all cases. IDRFs
(encasement or neighboring structure surrounded by the
mass) of the aorta, celiac axis, mesenteric artery and vein,
right renal pedicles were accurately assessed in all cases;
compression of the inferior vena cava was observed in one
case. No metastases of the bone, lymph nodes, liver, lung or
pleura were revealed. 

Wilm's tumor (n=4) (Figure 4) was revealed bilaterally in
one case, in the left kidney in two cases, and in the right
kidney in one. Tumor appeared as a heterogeneous density
mass with well-defined margins. The tumor size ranged from
12 to 18 cm in maximum diameter. In the Wilm’s tumor of
the left kidney, the tumor penetrated and trespassed extended
beyond the renal capsule, with displacement of the pancreas,
psoas muscle, splenic hilum, and diaphragm. On the right
side, it reached the porta hepatis and compressed the inferior
vena cava. Enlarged lymph nodes of the kidney hilum and
the periaortic lymph nodes were revealed in one case.
Massive thrombus in the renal vein (n=1), and involvement
of more than one third of the kidney and calycectasia (n=4)
were also revealed. No liver metastases were observed. 

Hepatoblastoma (n=1) (Figure 5) was staged according to
Roebuck et al. (29). The voluminous tumor with
polylobulated contours with syncronous lesions were
revealed in the right lobe of the liver. Extrahepatic disease
and distant metastases were not observed. Values of
laboratory data for the liver function were elevated. 
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Figure 5. Split-bolus of the chest abdomen and pelvis in a 14-year-old male (weight 51kg) with hepatoblastoma showing a voluminous inhomogenous
mass in the right lobe of the liver (a, b).



In the staging of bone tumors, rhabdomyosarcoma (n=1)
and osteosarcoma and Ewing’s tumor (n=4), non-thoracic or
abdominal distant metastatic disease (lung, liver, bones, bone
marrow, lymph nodes) were revealed. 

On 2 out of 29 cases, the images were relatively limited
by the presence of respiratory motion artifacts, which,
however, did not compromise the correct diagnosis.

The mean attenuation in the aorta, main portal vein, liver,
renal cortex and pancreas were 302±110 HU, 231±71 HU,
126.8±26.7 HU, 231±76.7 HU, and 146±33 HU, respectively.
The mean attenuation in the aorta, main portal vein, liver were
similar to those obtained in adult patients with split-bolus
protocol as previously reported in literature (11). On the image
quality, the Kappa value for the interobserver agreement
measure obtained from the analysis was 0.754 (p<0.001, 95%
CI ), characterizing a very good agreement between observers. 

The mean effective radiation dose was calculated to be
8.2±5.4 mSv for our MDCT split-bolus protocol. 

Discussion

The optimal scanning protocol in the TNM staging of tumor
in pediatric patients by MDCT is still a point of debate (30).
A multitude of CT protocols for tumor staging in pediatric
patients are described in the literature (8, 31-33). Few of
these protocols entail scanning patients before contrast and
at multiple phases after the administration of i.v. contrast
material (34). Pediatric patients are more sensitive to
radiation than adults that they have a longer life expectancy.
Several international organizations and the U.S. FDA
recommend minimizing the radiation dose in MDCT (5-8).
Optimization of the CT protocols in any dose-reduction
program by reduction of the multiple phases of contrast
enhancement is essential. 

The split-bolus protocol has been proposed in adult
patients for CT urography, with a variety of techniques, for
pancreatic cancer and characterization of liver lesions in
oncological patients involving a reduction of radiation dose
by scanning the chest and abdomen or abdomen (11, 22, 35-
37). At our institutions, we implemented an innovative split-
bolus protocol for the initial CT staging and follow-up by
64-detector row CT in oncological pediatric patients to
ensure diagnostic efficacy and to obtain reduction of the
radiation dose. In a single-pass, the split-bolus protocol
achieves combined arterial and venous vessel enhancement
by splitting the i.v. contrast material into two boli.

We correlated the mean attenuation value in the aorta, main
portal vein, liver, renal cortex, and pancreas obtained by split-
bolus in our study with the standard CT protocol reported in the
literature (11, 17, 36, 38, 39). The MDCT split-bolus protocol
demonstrated that the mean attenuation in the aorta, main portal
vein, liver, renal cortex and pancreas were substantially similar
to or higher with respect to the corresponding values reported

in the literature (11, 17, 18, 36, 38, 40-42). Although the amount
of contrast medium in the first bolus (1.0 mg/ml) is less than
the amount used in conventional CT protocols (1.5-2 mg/ml),
we obtained adequate enhancement of the liver parenchyma.
This is explained by the effect of re-circulation. In addition,
consistent enhancement in the portal vein, renal cortex and
pancreatic parenchyma was obtained. The second bolus allowed
optimal enhancement of the aorta. 

The diagnostic efficacy and simultaneously adequate
enhancement of the parenchyma, veins and arteries contributed
to an accurate TNM: detection and delineation of the primary
tumor (assessment of the extent of the lesion to neighboring
tissues), regional lymph nodes and distant metastasis in all cases. 

The split-bolus MDCT protocol by a single-pass procedure
exposed the patient to approximatively 8 mSv. This is
comparable to the lower values reported in the literature data
(range=6.8-20.5 mSv for the chest and abdomen) (24), with
the advantages of a simultaneous contrast enhancement of the
arterial and venous system and of a reduction in the number
of images needing electronic archiving.

Our study has certain limitations. This was a retrospective
study with a small number of patients. Furthermore, different
amounts and concentrations of the contrast material in the
split-bolus study and standard protocol at our hospital and
literature were used because of the pediatric age of the
patients. In the split-bolus protocol, in order to obtain adequate
vascular and parenchymal enhancement, we used a relatively
increased amount of contrast material (maximum 110 ml for
both boli); however, the total amount never exceeded 2 ml/kg. 

In conclusion, the split-bolus MDCT is a novel emerging
injection protocol. Considering simultaneous and adequate
vascular and parenchymal enhancement in single-pass imaging,
the split-bolus MDCT protocol can be used in the clinical
setting to replace multiphasic or PVP processes in pediatric
patients with cancer. 
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