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Abstract Electron-beam computed tomography is an imaging technology with a variety of medical applications,
primarily in cardiology due to its sub-second acquisition
time enabling visualization of a beating heart. Recently, this
technique has also been introduced into other fields because
of lower radiation exposure compared to traditional
computed tomography, as well as the strengths of postprocedural three-dimensional visualization. This report
evaluates electron-beam computed tomography as a diagnostic modality in pediatric nephrology patients. Seven
patients reflecting typical clinical scenarios in pediatric
nephrology were reviewed with regard to the value
of electron-beam computed tomography and its contribution
to the diagnostic workup. Electron-beam computed tomography is noninvasive and allows three-dimensional postprocessing, enabling highly accurate images while requiring
less radiation and acquisition time. It is very useful for
clinical questions that require a detailed description of
vascular and renal anatomy.
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Introduction
The past 50 years have brought remarkable advances in the
imaging techniques available to pediatric nephrologists to
make accurate diagnoses and to visualize underlying
pathology and treatment effects as well as to minimize
harm to the patient from diagnostic interventions [1, 2].
Although ultrasound, mercaptoacetyltriglycine nuclear
scans and conventional multislice computed tomography
as well as angiography are well established, advances in
diagnostic imaging continue to be a major field of interest
in pediatric nephrology. Electron-beam computed tomography (EBCT) is an imaging modality with short acquisition time and relatively low radiation exposure. While
EBCT has been primarily utilized in the field of cardiology,
several groups have recently investigated its use in other
specialties [3, 4]. We report seven cases reflecting a variety
of clinical scenarios in pediatric nephrology, in order to
scrutinize advantages and limitations of this technology in
these patients.

Methods
The EBCT studies presented in this work were done using a
C-150 EBT scanner (GE-Imatron, South San Francisco,
CA) using the single-slice volume mode (3 mm). Table
increments used were 2 mm between consecutive acquisitions. Three-dimensional reconstruction of the digital
communication in medicine image files was achieved
using sharp reconstruction kernel. The position of patients
was head-first in supine position on the scanner table with
the table in neutral position. Image enhancement was
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obtained by injection of Iodixanol-320 contrast (Visipaque,
Amersham Health, Cork, Ireland) via either a peripheral or
central vein at up to 3 cc/kg.

Case reports
Case 1: congenital dysplastic kidney
An 18-year-old male presented with hypertension and end
organ damage. During initial evaluation, an ultrasound
suggested a renal artery stenosis. However, an EBCT
delineated one hypertrophic kidney with two renal arteries,
and absent blood flow to the opposite kidney, which was
dysplastic (Fig. 1a). These findings were later confirmed by
angiography.

Fig. 1a–g Electron-beam computed tomography scans after
three-dimensional processing.
a Two renal arteries supply the
left kidney, which is hyperplastic. b, c Filling defect in the
right renal artery suggestive of a
stenosis (white arrows). d Status
post second cadaveric renal
transplant. The most recent
transplant (left abdomen) appears with mild hydronephrosis,
the anastomoses are intact. The
left native kidney is visualized
with hydronephrosis. e–g Dilation of the basilic vein visualized with cross sections of the
left upper arm. The anastomosis
site appears intact in a close-up
view

Case 2: renal artery stenosis
A 3-year-old male presented with hypertension and
obesity. The initial workup was significant for a high
renin of 10.1 pg/ml (2.3937 pmol/l), which led to a
suspicion of renal artery stenosis. Ultrasound studies failed
to reveal any evidence of renal artery narrowing, but an
EBCT finally established the diagnosis of right renal artery
stenosis (Fig. 1b,c).
Case 3: hydronephrosis after renal transplant
A 12-year-old male with dysplastic kidneys, end-stage
renal disease, and rejection of a cadaveric renal transplant
developed ascites and fever of 40°C shortly after his
second renal transplant. The initial evaluation revealed an
increase in the serum creatinine to 4.0 mg/dl (353.6 mol/l).
Mercaptoacetyltriglycine radionucleotide scan and ultrasound were suggestive of left-side hydronephrosis of the
newly transplanted kidney, and the possibility of abscess
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and anastomotic leak was entertained. A subsequent EBCT
did not reveal any leak from the ureterovesicular junction
and the vascular anastomoses were intact. Furthermore,
significant hydronephrosis was only present in the native,
not in the newly transplanted kidney (Fig. 1d).
Case 4: congestive cardiac failure after arterovenous
fistula
A 12-year-old female with end-stage renal disease secondary to sclerosing glomerulonephritis on hemodialysis
presented with shortness of breath. Initial workup revealed
congestive cardiac failure. She received a cadaveric renal
transplant, but her congestive heart failure continued to get
worse, and she developed pulmonary edema. An EBCT
demonstrated a distended basilica vein secondary to an
enlarged arteriovenous fistula. The fistula was ligated
based on the findings from the EBCT, and the patient
subsequently recovered from the congestive heart failure
(Fig. 1e–g).

Fig. 2 a The inferior vena cava
is blocked and cannot be visualized below L1 (red arrow).
Several anastomoses have
formed (white arrows), including
prominent vertebral veins, caput
medusae, a re-canalized umbilical vein, and a dilated vena
epigastrica superior.
b–d Hemorrhage of an arteriovenous fistula in the left upper
arm, displayed with increasing
signal sensitivity, which delineates a hematoma in the distal
humeral area. e Transthoracic
cross section. Blood vessel signal
is displayed in red, lung tissue
signal in blue. Extravascular
mass impinging the left pulmonary artery as well as the lung
tissue (dotted line, asterisk). cr
Carina, PA pulmonary artery, RPA
right pulmonary artery, LPA left
pulmonary artery, AO aorta

Case 5: renal vein and inferior vena cava thrombosis
A 17-year-old female with history of multiple medical
problems including systemic lupus erythematosus, lupus
nephritis, end-stage renal disease and a previously thrombosed inferior vena cava status post Wallstent placement
presented with an acute rise in creatinine level. An EBCT
was done to rule out renal vein thrombosis in conjunction
with the occlusion of the inferior vena cava. The EBCT
findings showed a complete thrombosis of the inferior vena
cava from the middle of the Wallstent to the level of the
femoral veins (Fig. 1f). The renal arteries appeared patent.
In addition, EBCT demonstrated the formation of an
extensive network of collaterals (Fig. 2a).
Case 6: arteriovenous fistula bleeding
A 17-year-old female with history of cystinosis and two
cadaveric renal transplants presented with sudden swelling
and pain at the site of her arteriovenous fistula on her left
arm. She had previously been admitted for edema on the
same site and was diagnosed with pseudoaneurysm of the
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basilic vein. However, there were conflicting findings from
the ultrasound, which showed that the pseudoaneurysm
was emanating from the artery, and the arteriogram, which
showed that it was originating from the vein. Intraoperatively, no communication between the venous system and
the artery was found. Per the surgical notes, it appeared that
there was still pulsatile nature to the pseudoaneurysm.
Intraoperative ultrasound demonstrated no flow in the
fistula, and the fistula vein was ligated. On her second
admission for acute painful swelling of the arteriovenous
fistula site, an EBCT was performed, which revealed
hematoma formation and pseudoaneurysm of the left
brachial artery with no active flow into the cavity. This
aided the surgeons to delineate the anatomy prior to
surgical drainage of the hematoma (Fig. 2b–d).
Case 7: thoracic metastasis of Wilms tumor
An 8-year-old male presented with weight loss and an
abdominal mass, which was eventually diagnosed as
Wilms tumor. Upon staging of the tumor disease, a
suspicious mass was noted on thoracic CT, and a
subsequent EBCT with three-dimensional visualization
revealed an extravascular mass pressing on bronchi as well
as on the left pulmonary artery. The EBCT reading was
suggestive of metastatic disease in the lung (Fig. 2e). A
tissue biopsy was not attempted because of concern of the
risk of pulmonary hemorrhage.

Discussion
The cases reported in this work show that EBCT is a useful
diagnostic modality especially in those patients who require
accurate imaging of the renal anatomy as well as the
vasculature. Previously, Tepe at al. reported EBCT technology as helpful in assessing the renal arteries for the presence
of variants or stenosis before surgery [5]. In addition, this
technology has been applied to assess artherosclerosis in
patients on chronic hemodialysis [6, 7]. Talisetti et al.
reported EBCT imaging in two surgical pediatric patients,
one involving a two-kidney en-bloc transplant [4]. This
work is the first report on a broad variety of pediatric
Table 1 Costs of renal imaging procedures
Procedure

Price (in USD)

Renal ultrasounda
Mercaptoacetyltriglycine scana
Abdominal CTa
Abdominal EBCTb
Abdominal MRIa

521.00
1,133.00
1,026.00
800.00
1,652.00

a

Costs of renal imaging procedures at the University of Illinois at
Chicago Medical Center as of July 2005. The figures do not include
expenses for interpretation or sedation
b
Cost of abdominal EBCT at the University of Illinois as by Heart
Check America, Los Angeles, CA

nephrologic cases that reflect the potential to apply this
technology to this clinical population.
Electron-beam CT applications
Despite advances in renal ultrasound, magnetic resonance
imaging, and computed tomography, digital subtraction
angiography remains the reference standard for the
evaluation of renal artery stenosis [8]. Computed tomographic angiography and magnetic resonance angiography
are not reproducible or sensitive enough to rule out renal
artery stenosis, especially in hypertensive patients, which
makes them unlikely to challenge the leading role of digital
subtraction angiography [9]. Nevertheless, digital subtraction angiography is invasive and can lead to complications
including pain, hematoma, and abscesses, which limit its
application [10]. With regard to noninvasiveness and costeffectiveness, ultrasound has been investigated and has
been shown to be successful especially in predicting
functional recovery prior to a corrective intervention [11].
However, the current literature shows that renal ultrasound
is not sensitive enough to detect stenotic changes in the
renal arteries reliably enough, which is of concern
considering the wide range of potential sequelae of a
missed diagnosis [12]. The images reconstructed from
EBCT data allow a sound display of the vasculature, which
is supported by a more rapid image-capturing sequence
compared to normal CT, leading to fewer motion artifacts.
In comparison to MRI, CT-based techniques have the
advantage of better spatial resolution, which enables
improved three-dimensional reconstruction [13]. Therefore, EBCT could offer an alternative or at least an addition
to more invasive digital subtractive angiography in the
future.
In addition to the evaluation of renal artery stenosis,
transplant surgery could offer another field of potential
EBCT applications. Renal transplantations are performed
at an increasing frequency in pediatric patients due to
improved outcome [14]. Insufficient vascular supply of the
renal transplant is one of the leading causes of graft failure,
and therefore the accurate diagnostic assessment of the
graft vasculature, both immediately after the procedure as
well as long term has become an important field. Renal
artery stenosis and renal vein thrombosis are the two most
common vascular complications of renal transplantation
[15]. Ultrasound plays a major role in the imaging of these
patients, especially for the assessment of blood flow and
the visualization of the graft tissue, but also in detecting
graft dysfunction and peritransplant fluid collection [16,
17]. Renal ultrasound is, among the imaging modalities
mentioned in this report, by far the cheapest procedure,
with CT and MRI requiring double and triple the expenses,
respectively (Table 1). The cost of an abdominal EBCT is
lower than that of a CT; however, they are likely to remain
higher than ultrasound.
In our cases, EBCT was suggested as more accurate for
assessing patency of the renal blood vessels and the
presence of hydronephrosis, and could extend the diag-
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nostic panoply available for renal transplant patients,
especially in those cases that require a distinct visualization
of the vascular supply.
Another new area for EBCT could be in the imaging of
hemodialysis access sites in patients with end-stage renal
disease. Hemodialysis and related procedures require a
reliable vascular access, and close monitoring has been
shown to prolong the endurance for both fistulas and grafts
[18]. Goldstein et al. showed that ultrasound screening
combined with referral for angioplasty could lead to a
significant decrease in hospitalization for vascular access
thrombosis, which is the most common complication [19].
Today, color Doppler sonography is regarded as the
reference method for diagnosing vascular access dysfunctions [20, 21]. Nevertheless, we do see advantages of the
EBCT in this field over ultrasound, especially in the
evaluation of nonthrombotic complications of an access
site, e.g., bleeding, stenosis, and pseudoaneurysms. In case
6, EBCT was very useful especially in the preoperative
planning secondary to its fine tissue delineation and
allowed an optimized pre-surgical assessment of the access
site.
Finally, our cases also support an oncologic application
of the EBCT: in plain contrast CT or angiography, the
causality of vascular filling defects is hard to assess. In case
7, EBCT demonstrated a precise overview of the vascular
and pulmonary anatomy, and therefore showed that the
filling defect was extending into both the left pulmonary
artery as well as the bronchial tree, which made a
pulmonary embolism less likely, and strengthened the
suspicion of a metastasis of the Wilms tumor compressing
both structures.
Radiation exposure and sedation
Ionizing radiation exposure and its associated morbidities
due to diagnostic procedures are a major concern in
contemporary medicine [22]. Children are especially
vulnerable to the adverse effects of radiation, including
radiation-induced cancers [23]. One of the advantages of
EBCT over a conventional computed tomography is the
lower radiation exposure, which has been reported as six to
ten times lower [24, 25]. In addition, EBCT can provide a
rapid imaging evaluation with minimal need for sedation as
opposed to conventional CT; EBCT therefore carries fewer
associated risks such as hypothermia, respiratory suppression and aspiration [26].

Conclusion
In summary, EBCT has been shown to be an efficient and
safe imaging modality with numerous applications in
pediatric nephrology. The cases presented could help
establish EBCT as an imaging modality, especially for
those clinical questions that require evaluation of the
vascular system.
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