
Renal Cysts May Artificially
Enhance Due to Surrounding
Parenchymal Enhancement

A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Lack of enhancement of renal lesions of homogeneous
low (water) attenuation is a key criterion in the CT diagnosis of a
renal cyst. However, following the administration of intravenous
radiographic iodinated contrast material, some true cysts may

falsely appear to enhance as the surrounding renal parenchyma
increases in attenuation.

Source: Maki DD, et al. Renal cyst pseudoenhancement: Beam-hardening
effects on CT numbers. Radiology 1999;213:468-472.

Ct performed in a dedicated manner to identify the
maximum number of renal lesions and assess their imaging

characteristics is generally obtained during the maximum degree of
renal parenchymal enhancement. This serves two purposes: 1) to
maximize the attenuation difference (and hence conspicuity)
between normally enhancing parenchyma and the lesser enhance-
ment of hypovascular or avascular lesions; and 2) to produce the
optimal conditions for demonstrating subtle enhancement in low-
vascularity but neoplastic lesions. The absence of this latter
enhancement (taken as enhancement < 10 HU, though some have
argued < 15 HU) is accepted as evidence of avascularity (i.e., evi-
dence that the lesion is a renal cyst).

When a lesion fails to enhance, that is accepted as one criterion
for the diagnosis of a renal cyst. However, is the converse true? Do
renal cysts never enhance? Many radiologists have experienced the
apparent enhancement of a lesion that is shown by imaging or
surgery to be a renal cyst, and have difficulty explaining the phe-
nomenon. Is it due to technique? To “beam-hardening?” To slice
misregistration? To partial volume effects?

To investigate these questions, Maki and colleagues developed a
phantom to test the phenomenon. They created an abdominally
shaped polyethylene phantom containing a central, hollow, kidney-

INSIDE
A sensitive
CT-based

morphologic
method to
monitor 

pulmonary
changes 
of cystic 
fibrosis
page 3

Radiographic
appearance
can be used

as a predictor
of outcome in
diaphragmat-

ic hernias
page 4

Classic
teaching
about 

intussuscep-
tion in adults
needs revision

page 5

Proton MRS
in neonatal
asphyxia
page 6

Volume 1     •     Number 1     •     Premiere Issue     •     Pages 1-8

American Health Consultants Home Page— http://www.ahcpub.com CME for Physicians— http://www.cmeweb.com

EXECUTIVE EDITOR
Lynne S. Steinbach, MD
Professor of Radiology, 
Department of Radiology, 
University of California, 
San Francisco, CA

EDITORIAL ADVISORY
BOARD
R. James Brenner, MD, JD
Clinical Professor of Radiology,
UCLA School of Medicine,
Eisenberg Keefer Breast Center,
Santa Monica, CA

James H. Ellis, MD
Professor of Radiology, 
Department of Radiology, 
University of Michigan Hospital,
Ann Arbor, MI

Nancy J. Fischbein, MD
Assistant Professor of 
Radiology, Department of 
Radiology, University of 
California San Francisco, 
San Francisco, CA

Elliot K. Fishman, MD
Professor of Radiology and
Oncology, Director, Diagnostic
Imaging and Body CT, Johns
Hopkins University School of
Medicine, Baltimore, MD

Charles B. Higgins, MD
Professor of Radiology, 
University of California San
Francisco, San Francisco, CA

Jeffrey S. Klein, MD
Assistant Professor of 
Radiology, Department of 
Radiology, Medical Center 
Hospital of Vermont, 
Burlington, VT

Faye C. Laing, MD
Professor of Radiology, 
Harvard Medical School
Department of Radiology,
Brigham & Women’s Hospital,
Boston, MA

David M. Panicek, MD
Professor of Radiology, 
Department of Radiology,
Memorial Sloan-Kettering 
Cancer Center, New York, NY

Geoffrey D. Rubin, MD
Assistant Professor, 
Department of Radiology, 
Stanford University School 
of Medicine, Stanford, CA

Moni Stein, MD
Assistant Professor of 
Radiology, UC Davis Medical
Center, Sacramento, CA

Beverly P. Wood, MD
Professor of Radiology, 
Pediatrics, and Medical 
Education, Keck School of 
Medicine, University of Southern
California, Los Angeles, CA



sized cylinder that could be filled with various concen-
trations of iodine solutions to simulate varying degrees
of renal parenchymal enhancement. Suspended within
the “kidney” cylinder were water-filled straws or bal-
loons of various sizes. Some of these water-filled cysts
were spherical (to allow for testing of partial-volume
effects) and some were cylindrical (so CT slices through
them would be free of partial-volume effects). Helical
imaging was performed through the cylindrical cysts
and both axial and helical CT imaging were performed
through the spherical cysts. Attenuation levels were
measured.

For the cylindrical cysts there was a progressive
increase in attenuation as the background attenuation
increased, and the effect was greater (though not uni-
formly so) in smaller-diameter cylinders than in larger-
diameter cylinders. For example, as the average back-
ground “renal” attenuation rose by 90 HU, the attenua-
tion of 5- or 10-mm-diameter cysts increased by 11-17
HU compared to an increase of 7-9 HU in cysts of 15- to
30-mm diameter. For a background attenuation increase
of 180 HU, which can be commonly achieved during
helical CT at peak renal enhancement, cyst attenuation
rose by 18-28 HU in the smaller cysts and by 10-15 HU
in the larger cysts. Similar findings occurred with the
spherical cysts, and there was an added effect from par-
tial-volume effects when a small cyst (10 mm) was
scanned with relatively wide (7 mm) collimation. In
almost all experiments, there was no substantial differ-
ence in the attenuation measurements between axial and

helical CT scans. Maki et al also performed a computer
simulation to show that the beam-hardening effect
explained little of the observed effects. Their conclu-
sions include a need for better CT reconstruction algo-
rithms to cure the pseudoenhancement phenomenon but,
until that occurs, a modification of the 10-HU threshold
for designating the presence of lesion enhancement to
15-20 HU and greater consideration for MRI to charac-
terize small intrarenal cysts.

■ COMMENT BY JAMES H. ELLIS, MD
Classic teaching about the interpretation of abdomi-

nal CT scans states that a renal cyst can be diagnosed if
a renal lesion is homogeneous in attenuation, has atten-
uation near that of water, has smooth margins without
internal nodules, has an imperceptible wall, and does
not enhance following administration of intravenous
radiographic iodinated contrast material. Not all of
these criteria can always be assessed in every examina-
tion. For example, many patients are scanned without
preliminary noncontrast imaging, making the assess-
ment of lesion enhancement problematic. Some lesions
are entirely surrounded by parenchyma and, thus, the
thickness of the lesion wall cannot be determined; for
these intrarenal lesions, the assessment of contrast
enhancement takes on greater importance. For difficult-
to-assess lesions, dedicated thin section pre- and post-
contrast CT imaging of the kidneys is often recom-
mended, which permits an assessment of enhancement
along with the other criteria. Helical CT (with its rapid
scanning ability) is considered better for this purpose
than standard axial CT because of expected reduction in
patient motion (especially respiratory) artifact, the abil-
ity to flood the kidneys with a high level of contrast
material administered in a short high-flow intravenous
bolus, and the ability to reconstruct slices at any table
index to ensure comparable pre- and post-contrast
images through the lesion center.

This article by Maki et al (along with presentations
about in vitro and in vivo studies by other groups at
national meetings)1,2 forces us to re-evaluate our under-
standing of the enhancement (or rather, lack of enhance-
ment) criterion for the diagnosis of a renal cyst. While
lack of enhancement still remains a useful diagnostic
element for a renal cyst, the presence of enhancement
greater than the commonly accepted standard of 10 HU
should not be blindly taken as evidence of a more seri-
ous renal lesion.

Not often does bench research translate so immediately
to the clinical situation as in this study, though it is not
without its limitations. Maki et al tested only one CT
scanner, so the magnitude (lesser or greater) of the effect
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on CT scanners of other models or other manufacturers is
not known. For a more complete understanding of the
effects of renal lesion pseudoenhancement, testing should
include alterations in slice scan time, mA, and kV. A more
anatomic phantom would have had the “kidney” off-cen-
ter, paired, and kidney-shaped (rather than cylindrical),
and would have had representations of the spine, fat, and
other organs. Lesions could be tested at the edge of the
phantom kidney and not just in the center. However, in
my opinion, additional testing is more likely to expand
the applicability of Maki et al’s work than to contradict it.

This work by Maki et al begs the question of whether
scanning at peak renal enhancement may in fact be the
wisest course. Yuh and Cohan discussed the similar con-
spicuity of all but the smallest (and presumably clinically
insignificant) renal lesions in the excretory phase of renal
enhancement (i.e., with less parenchymal enhancement)
than in the nephrographic phase, with its greater
parenchymal enhancement.3 Now we learn from Maki et
al that there may be less pseudoenhancement of renal
lesions if we scan when the parenchyma is less enhanced
(perhaps by changing the timing of the scan or by chang-
ing the duration or volume of the contrast material
bolus). The question of optimal technique for dedicated
renal CT remains to be determined, but the present work
clearly points to a re-evaluation of the criteria for renal
cyst enhancement using the current technique.

Maki et al speculate that renal lesion pseudoenhance-
ment results from an inadequate correction for beam
hardening in the CT reconstruction algorithm. Were this
to be mended, both the criterion for nonenhancement of
a renal cyst and the optimal technique for dedicated
renal CT might have to be redetermined. That is in the
future. For now, it suffices to be aware that cysts may
falsely appear to enhance and that rigid adherence to
cyst nonenhancement criteria may lead to error. Confir-
mation with alternate tests such as ultrasound or MRI, or
follow-up over time, may help in management of select-
ed patients who have renal lesions in which enhance-
ment may be more apparent than real.   ❖

References
1. Coulam CH, et al. Comprehensive evaluation of pseu-

doenhancement of renal cysts during contrast-
enhanced CT. Am J Roentgenol 1999;172(S):31.

2. Bae KT, et al. CT assessment of renal cysts: Are atten-
uation values artifactually increased on contrast-
enhanced images? Radiology 1999;213(P):175.

3. Yuh BI, Cohan RH. Different phases of renal enhance-
ment: Role in detecting and characterizing renal mass-
es during helical CT. Am J Roentgenol 1999;173:
747-755.

A Sensitive CT-Based 
Morphologic Method to 
Monitor Pulmonary 
Changes of Cystic Fibrosis
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: A morphologic CT-based system is proposed
for evaluation and follow-up of patients with cystic
fibrosis. The CT scores correlated significantly with pul-
monary function test results, serum immunoglobulin
levels, and clinical scores.

Source: Helbich TH, et al. Cystic fibrosis: CT assessment of
lung involvement in children and adults. Radiology 1999;
213:537-544.

The accuracy and efficacy of using thin sec-
tion CT of the chest to monitor and predict the status

of patients with cystic fibrosis (CF) has been translated
into a quantitative scoring system for morphologic
abnormalities.

This study compared an expanded computed-tomo-
graphic-based scoring system for CT morphologic
abnormalities with accepted nonmorphologic indexes of
pulmonary status including pulmonary function tests,
the Shwachman-Kulczycki clinical scoring system,
immunoglobulin status, and chromosomal genotype.
Using a CT-based classification system could become
routine in follow-up evaluation of CF patients.

Helbich and associates examined 117 patients with
CF with CT studies consisting of scans of 2-mm-thick
or 1.5-mm-thick sections at 10-mm intervals from the
lung apices to below the costophrenic angles. Images
were obtained at end-inspiration volume in cooperative
patients or during quiet respiration.

The radiologists determined the grade and anatomic
distribution of the following signs: severity and extent
of bronchiectasis, peribronchial wall thickening, extent
of mucous plugging, extent of sacculations or abscess-
es, generations of bronchial divisions involved, severi-
ty of bullae, emphysema, and mosaic perfusion, col-
lapse, or consolidation. The pulmonary function tests
used were forced vital capacity, forced expiratory vol-
ume in the first, second, and maximum expiratory
flow. The patient’s clinical status was determined using
general activity, physical examination of the thorax,
and nutrition status.

Morphologic CT changes most frequently observed
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were bronchiectasis (80%), peribronchial wall thick-
ening (76%), mosaic perfusion (64%), and mucous
plugging (51%). Evaluation by three age groups—0-5
years, 6-16 years, and 17 years and older—demon-
strated significant trends for progression of disease as
determined by the CT score. There was a significant
score increase for all CT abnormalities between each
of the three age groups. Pulmonary function test
results could not demonstrate significant changes
between groups 1 and 2. The clinical scoring system
also failed to indicate any progression between groups
1 and 2. For both pulmonary function tests and clinical
score, there was a significant increase for patients age
17 and older.

The CT scores correlated better with the measures of
obstructive pulmonary function than with the measures
of hyperinflation, and the CT scores correlated with
serum immunoglobulin levels. The CT findings did not
differ significantly between two genotypes.

The proposed expanded CT scoring system provides
a useful method of monitoring status of disease and pro-
gression in patients with CF. CT may be more sensitive
than nonmorphologic parameters; thus, CT could be
incorporated into the routine follow-up evaluation of
these patients.

■ COMMENT BY BEVERLY P. WOOD, MD
This article demonstrates an extremely important

correlation between the morphologic appearances of
CF by CT examination and its role as a method of stag-
ing CF and prediction. Chest radiographs are usually
used as a method of evaluation of CF and were not
used in this study. However, the comparison of signifi-
cance of CT scoring with the pulmonary function
results (particularly the determinants of obstructive
changes) suggests that this method could be incorpo-
rated into the routine assessment and follow-up of CF
patients as a reliable indicator of patient pulmonary
status.

One limitation in the study is the homogeneity of the
patient groups examined. Both homozygous and het-
erozygous patients with CF were studied, but there are a
large number of mutations of the CF gene, and a much
larger study would be of assistance in determining the
use of CT as a predictor in this much larger patient pop-
ulation. An interesting finding in this study is the
increased sensitivity of CT over pulmonary function
testing and clinical status in the two groups of children
ages 0-5 years and 6-16 years. As this is expected to be
the time of disease progression, I would have expected
the nonmorphologic scoring to demonstrate a progres-
sion of disease more frequently.   ❖

Radiographic Appearance
Can Be Used As a 
Predictor of Outcome in 
Diaphragmatic Hernias
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Mortality of neonates with congenital
diaphragmatic hernia relates to the degree of pul-
monary hypoplasia. A scoring system for evaluation of
initial chest radiographs evaluating aeration of the ipsi-
lateral lung and the contralateral lung, mediastinal
shift, and stomach in the hernia can be used to predict
mortality.

Source: Donnelly LF, et al. Correlation between findings on
chest radiography and survival in neonates with congenital
diaphragmatic hernia. Am J Roentgenol 1999;173:1589-1593.

Management of neonates with congenital
diaphragmatic hernia is undertaken to result in the

best survival of those who present early; however, the
outcome largely is dependent upon the degree of exist-
ing pulmonary hypoplasia. Because of the enormous
resources recruited to care for the infants, a reliable pre-
dictor of those who will have successful outcomes is
required.

A study of 73 neonates with congenital diaphragmat-
ic hernia presenting in the first 24 hours of life was
undertaken to review survival outcome in infants with
respiratory distress requiring intubation. Radiographs
were evaluated for degree of aeration of the ipsilateral
lung (< 10%, 10-50%, and > 50%). The percentage of
contralateral lung aerated was judged as 50% or less,
50-80%, and more than 80%. Mediastinal shift away
from the hernia was evaluated as absent, displaced less
than half the width of the hemithorax, displaced more
than half the width of the hemithorax but not abutting
the chest wall, and abutting the chest wall. The stomach
was considered to be in the hernia if the “bubble” was
seen in the hernia content or the nasogastric tube tip
was present in the thorax. Retrospective analysis of sur-
vival of the infants correlated with these four factors
significantly. Multiple poor-prognosis factors also cor-
related with survival; results showed that 88% of
patients with none of the parameters survived, 67% of
patients with one parameter survived, 47% with two
parameters survived, 20% with three parameters sur-
vived, and neither of the two patients with four parame-
ters survived.



Donnelly and colleagues suggest that the specified
findings on chest radiograph are sufficiently specific as
predictors of survival that they may be applied as prog-
nostic factors.

■ COMMENT BY BEVERLY P. WOOD, MD
This study was undertaken to investigate indicators

of irreversible pulmonary disease and survival predic-
tors in neonates with congenital diaphragmatic hernia.
While radiologists reviewing the early radiographs of
affected infants have usually made a prediction of poor
outcome based on one or more of the indicators
described, there has not been a large study to interre-
late these indicators. It is logical that the poorer the ini-
tial aeration, both in the ipsilateral and contralateral
lung, the less likely the survival, no matter what thera-
py is undertaken, as the infant must be able to survive
on the pulmonary surface available postoperatively.
The stomach in the hernia has been considered a weak-
er prognostic sign, though still a sign of poor outcome.
Correlation of the four prognostic signs on initial radi-
ographs is useful, especially when the use of intensive
interventions such as extracorporeal membrane oxy-
genation (ECMO) is considered for preoperative man-
agement. With this information, radiologists may
develop a strong prediction of survival in infants whom
they review.   ❖

Classic Teaching About 
Intussusception in Adults 
Needs Revision
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Intussusception can be encountered as an
incidental finding at CT and MR imaging of adults.
Contrary to conclusions drawn from surgical data, the
majority of such intussusceptions in adults are not due
to a mass acting as a lead point.

Source: Warshauer DM, et al. Adult intussusception detect-
ed at CT or MR imaging: Clinical-imaging correlation. Radi-
ology 1999;212:853-860.

For years, standard radiologic dictum has 
stated that no cause for intussusception is generally

found in infants—allowing nonsurgical therapies such
as a fluoroscopically monitored enema to be used as
definitive therapy in many cases. In contrast, intussus-
ception in adults has been said to frequently have a lead

point, thus often requiring surgical exploration for defin-
itive evaluation and treatment. Modern cross-sectional
imaging techniques are demonstrating the characteristic
findings of intussusception (e.g., a bowel-within-bowel
configuration, typically with mesenteric fat included
within it) with increasing frequency, even in patients in
whom that diagnosis is unsuspected and seemingly dis-
sonant with clinical findings.

To assess the clinical significance of intussuscep-
tion detected at CT or MR imaging in adults, War-
shauer and colleagues from the University of North
Carolina School of Medicine retrospectively reviewed
the clinical records and CT and MR images of 33
patients who had one or more intussusceptions shown
on those images. The 33 patients (24 male, 9 female)
ranged in age from 18 to 84 years (median age, 41
years). Twenty-nine patients had abdominal symp-
toms at the time they were imaged, including 24 with
abdominal pain. The intussusception was enteroen-
teric in 29 patients and involved the colon in four oth-
ers. Only 10 (30%) patients, including all four with
intussusception involving the colon, were shown to
have a neoplastic lead point; seven of the lead points
were malignant, and three were benign. In nearly half
(48%) of the patients in whom no lead point was
identified, the intussusception was considered to be
idiopathic.

Warshauer et al found some statistically significant
differences in the imaging appearances of enteric intus-
susceptions: those without a lead point were shorter
(median length, 4 cm vs 10.8 cm) and smaller (median
diameter, 3 cm vs 4 cm), and they less often caused
obstruction (4.3% vs 50%). Warshauer et al suggest that
not all intussusceptions discovered at imaging require
further work-up—particularly those in younger patients
with a transient, small, enteroenteric intussusception that
does not obstruct the bowel.

■ COMMENT BY DAVID M. PANICEK, MD
This study was reportedly undertaken in an attempt

to reconcile a discrepancy between classic radiologic
teachings and Warshauer et al’s clinical experience
with intussusception. My own experience has been
similar: none of the radiologic tests that I recommend-
ed for several patients with unsuspected intussuscep-
tions shown on CT in adult patients in recent years has
demonstrated a mass that could have been a lead
point—even though virtually all of the patients in my
practice have cancer, placing some of them at risk for
metastasis to bowel.

The findings of this study are an excellent example
of how conclusions can be markedly affected by the
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manner in which the underlying data are collected.
When examined from the perspective of findings at
surgery, the majority of cases of adult intussusceptions
have been found to be due to a lead point. However,
cross-sectional imaging now allows us to discover a
larger number of intussusceptions, including those that
apparently occur as a transient phenomenon and that
are not associated with a mass acting as a lead point.
Such intussusceptions may produce intermittent symp-
toms or none at all. As a result of this new perspective,
radiologists no longer need to recommend intensive
work-up of every intussusception that is incidentally
demonstrated at CT or MR imaging in an asympto-
matic patient.   ❖

Proton MRS in 
Neonatal Asphyxia
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Conventional MR imaging significantly
increases sensitivity to the early nonhemorrhagic
parenchymal changes that may accompany birth
asphyxia; single-voxel proton MR spectroscopy brings
important additional information into the equation.

Source: Barkovich AJ, et al. Proton MR spectroscopy for the
evaluation of brain injury in asphyxiated, term neonates. Am
J Neuroradiol 1999;20:1399-1405.

Asphyxia is an unfortunate complication of
birth with potential profound effects on infant sur-

vival and development. Clinical and laboratory criteria,
however, are limited in their ability to predict neurologic
and developmental outcome of asphyxiated neonates.

Standard MR imaging has been shown to be useful in
the early evaluation of brain injury in asphyxiated
neonates. In an attempt to improve prognostication for
birth asphyxial injury, Barkovich and colleagues have
begun to assess the role of proton MR spectroscopy in
the evaluation of brain injury in asphyxiated term
neonates. This study correlates proton MR spectroscopy
(MRS) results with neurodevelopmental status at 12
months.

The 31 patients reported in this study are a subset of
patients enrolled in an ongoing prospective study of
the use of MR imaging of neonates who have had
hypoxia or ischemia in the perinatal period. These
patients are all term (> 36-week gestational age)
neonates who had umbilical arterial pH less than 7.1,

umbilical artery base deficit greater than 10, and/or 5-
minute Apgar score less than or equal to 5. Patients
with congenital malformations or infection were
excluded. Age at the time of MR scanning ranged
from 1-11 days, with a mean of 4.5 days. The MR pro-
tocol included sagittal T1-weighted and axial dual-
echo spin-echo T2-weighted images, followed by two
single-voxel proton spectra acquired using a commer-
cially available pulse sequence, one centered in the
deep gray matter nuclei and one centered in the frontal
intervascular boundary zone (“watershed zone”).
Metabolite ratios were calculated and tested for asso-
ciation with neurodevelopmental outcome as assessed
by experienced pediatric neurologists.

The presence of lactate (a product of anaerobic res-
piration and, therefore, increased in the setting of
asphyxia) was the most consistently noted spectral
abnormality in these patients. Lactate was increased in
both deep gray matter and watershed voxels, and its
relative distribution correlated with the pattern of
injury shown on conventional MR images (deep gray
matter pattern of injury vs watershed injury). Reduced
N-acetyl aspartate (NAA, a neuronal marker) was seen
in some patients—usually those studied more than
three days after birth. Overall, elevated lactate and
reduced NAA were the most common findings in
infants with neurologic and developmental abnormali-
ties at age 12 months. An apparent false-negative find-
ing (normal lactate/choline ratio but abnormal out-
come) was likely due to prenatal injury with return to
normal lactate levels by the time of scanning. False-
positive findings in three children with apparent water-
shed injury but normal 12-month assessment may
prove to be truly positive at further follow-up.
Barkovich et al conclude that proton MRS is a valuable
tool in the assessment of asphyxiated neonates and has
a statistically significant association with both neuro-
logic and cognitive status at 12 months.

■ COMMENT BY NANCY J. FISCHBEIN, MD
In addition to its profound effects on the affected

neonate, birth asphyxia is a traumatic event for parents
concerned about possible long-term effects on their
child. The occurrence of birth asphyxia may also have
medico-legal implications for physicians involved in
the care of the baby and the mother. Both cranial
sonography and CT scanning are relatively insensitive
to the nonhemorrhagic parenchymal changes that may
accompany an asphyxial event. Conventional MR
imaging significantly increases sensitivity to the early
nonhemorrhagic parenchymal changes that may
accompany birth asphyxia, but these studies are often
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only subtly abnormal in the early days following the
event and the changes may only be appreciated by an
experienced observer. Single-voxel proton MR spec-
troscopy brings important additional information into
the equation using a commercially available and easily
performed technique. The simple determination of the
presence or absence of lactate is an easily learned task
and can contribute important additional information to
the overall assessment of the asphyxiated term
neonate. The presence of markedly elevated lactate
levels may eventually factor into a decision of whether
to continue life support. Mildly or moderately elevated
levels of lactate may indicate that parents should be
prepared for the possibility that their child may be neu-
rodevelopmentally delayed, while normal lactate levels
may be reassuring. An important caveat, however, is
that lactate remains elevated for only a limited period
and, therefore, as in the “false-negative” case men-
tioned by Barkovich et al, prenatal injury may result in
normal lactate in the presence of an abnormal MRI and
abnormal neurodevelopmental outcome. As the work
presented in this small but important study is extended,
the role of single-voxel proton MRS in birth asphyxia
should become more clear.   ❖

Efficacy of Screening 
Breast Examination
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Barton and colleagues review the literature
regarding the parameter involved with clinical breast
examination (CBE) and suggest a particular approach.
The role of clinical examination in contrast to mam-
mography is emphasized.

Source: Barton MB, et al. Does this patient have breast can-
cer? The screening clinical breast examination: Should it be
done? How? JAMA 1999;282:1270-1280.

The scheduling of a screening or diagnostic
mammographic examination is often predicted on

physician signs of symptoms of breast cancer, the most
notable being a dominant mass or lump. Screening for
breast cancer involves both physical examination and
mammography, with studies showing complementary
roles in increasing overall sensitivity for breast cancer
detection. Many radiologists conduct physician exami-
nation of the breast as a complement to the imaging
study or as a primary effort; others rely on the results of

the primary care physician.
Barton and colleagues review the literature regard-

ing the efficacy of breast cancer detection by clinical
examination, trying to reconcile studies that are both
inconsistent and nonstandardized with respect to the
methods of physical exam. Reviewing published stud-
ies, contacting investigators for clarification of issues,
and evaluating successful techniques using silicone
breast models, Barton et al estimate the sensitivity of
clinical breast exam (CBE) as 54% and specificity at
94%. The analysis is complicated by studies that have
included both mammography and physician’s exami-
nation so that evidence of the efficacy of physical
examination is consequently indirect. Dismissing
mammography and histologic examination as gold
standards for the accuracy of CBE—mammography
because of Barton et al’s contention that it is unreli-
able, and histology because of the necessary absence of
tissue for normal examination—Barton et al seek suffi-
cient follow-up for a defined period in assessing their
benchmarks. The likelihood ratio of a positive CBE
result is reported at 10.6 and the likelihood ratio of a
negative test as 0.47. Noting that only one study has
ever described an employed technique, Barton et al
examine different factors relating to the women, their
tumors, and the examiner in reaching conclusions
regarding current practice. For example, in five studies,
mean examination duration was always longer for
examiners with higher sensitivity. The highest sensitiv-
ity in human studies (69%) was achieved in the Nation-
al Breast Screening Study in Canada, in which examin-
ers took between five and 10 minutes to complete the
exam of both breasts. Sensitivity increased with patient
age. Barton et al detail a preferred approach, conclud-
ing that indirect evidence supports the effectiveness of
CBE in screening for breast cancer. They describe and
illustrate a vertical-strip search pattern with proper
positioning and movement of the fingers, indicating
that proper CBE requires at least three minutes per
breast. Barton et al present data to indicate that both
professional and lay examiners can improve their sen-
sitivity on silicone breast models having mastered the
described techniques.

■ COMMENT BY R. JAMES BRENNER, MD, JD
Like the weather, everyone talks about CBE, but

little is known regarding its effect. Many patients
receive only a cursory exam or one by a clinician
unfamiliar with proper CBE, complicating rather than
simplifying the imaging strategy. The first prospec-
tive screen trial for breast cancer that showed a posi-
tive effect for screening—the Health Insurance Plan



Study of New York in 1963—found a large percent-
age of cancers by CBE, rather than mammography.
The survey of the field of CBE by these authors is
useful in recognizing the limitations of assessing out-
come, and tainted by previously established biases
and selective reference regarding the efficacy of
screening mammography. The NBSS study cited fre-
quently is controversial; mammography was judged
unsatisfactory by an independent panel and an inex-
plicable number of advanced breast cancers were
placed in the “screening mammography” group. This
approach may help elevate the importance of CBE in
Barton et al’s view but lacks balance and validity.
Such bias is found in surveying other trials. For
example, where British screening mammography is
only carried out every three years, the increased like-
lihood of interval cancer detection by clinical exami-
nation may be anticipated (most interval cancers are
detected in the third year, which may indicate an
insufficiently long interval for mammography rather
than an increased efficacy of CBE). Barton et al’s
conclusion that properly performed CBE can detect at
least 50% of asymptomatic cancers is bold but not
beautiful as a benchmark; perhaps it is better stated as
a goal. The odds ratios predicted are likely inflated,
as the complementary role between CBE and mam-
mographic interpretation—which Barton et al men-
tion—as well as the low incidence of a given studied
population, may account for their findings. As has
been previously studied, subthreshold mammograph-
ic features may rise to a threshold diagnosis when
CBE is positive and ultrasound may be diagnostic of
a palpable finding when the mammographic features
are normal. The described technique, suggesting an
average of three minutes per breast, adds to the avail-
able manuals for CBE for the interested radiologist
who performs physician examination.   ❖

CME Questions
1. According to Barton et al, the minimum amount of time that

should be spent on clinical examination of each breast is:
a. one minute.
b. two minutes.
c. three minutes.
d. four minutes.
e. cannot be determined; depends on individual breast.

2. The presence of lactate in the brain of an asphyxiated term
neonate:
a. relates to the absolute ratio of choline.
b. has been associated with poor neurodevelopmental outcome.
c. cannot be detected using single-voxel proton spectroscopy.
d. requires specialized software that is not commercially available.

3. N-acetyl aspartate (NAA) is:
a. not detectable using single-voxel proton spectroscopy.
b. a marker for asphyxial injury.
c. metabolized to choline.
d. a neuronal marker.

4. The major morphologic changes of the lungs in CF as seen on
CT scan were bronchiectasis, peribronchial wall thickening,
mosaic perfusion, and mucous plugging. What was the most
closely correlated clinical measurement?
a. Total lung capacity
b. Exercise tolerance
c. Forced expiratory volume in one second
d. Residual volume

5. An infant develops respiratory distress requiring intubation
immediately after birth. The frontal radiograph of the chest
shows loops of bowel in the left hemithorax, mediastinal shift to
the right to the level of the midclavicular line, and a small
amount of aeration of the superior 25% of the left lung. A
nasogastric tube is in place with the tip in the abdomen. What
is your prognosis for survival?
a. 20%
b. At least 47%
c. At least 67%
d. 100%

6. If an infant is delivered with the in utero diagnosis of a congen-
ital diaphragmatic hernia, which one of the factors should be
assessed on a radiograph?
a. Degree of aeration of the ipsilateral lung
b. Presence of small bowel gas in the hernia
c. Anomalies of the bony thorax

7. Intussusception in adult patients:
a. is usually due to a lead point in the bowel.
b. may often be a transient phenomenon.
c. should be aggressively worked-up when shown at CT or MR

imaging.
d. usually involves the colon.

Radiology Plus CME
8. One of the advantages of the Integrating the Healthcare Envi-

ronment project is that the imaging modality can automatically
erase from its local memory patient images that are archived
on the picture archiving and communication system.
a. True
b. False
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In Future Issues: Sonographic Guidance More Cost Effective 
Than CT for Percutaneous Hepatic Biopsies



Standardized Interfaces 
Open New Era in Sharing Images
Radiology information systems going ‘plug and play’

The substantial cost of computerizing a radiology practice has kept many small practices from
making the leap to an electronic information management system. But a ground-breaking newly debuted “open”

interface—the behind-the-scenes electronic protocol that bridges the language gap between information systems—
promises to ultimately lower that cost, enabling even the smallest practice to move into the computer age.

Even large hospital practices that are already computerized can benefit monetarily from the transaction pro-
files developed as part of the year-old project, titled Integrating the Healthcare Enterprise (IHE), says R. Gilbert
Jost, MD, chairman of the Chicago-based Radiological Society of North America’s Electronic Communications
Committee. The new process precisely implements Digital Imaging and Communication in Medicine (DICOM)
and Health Level 7 standards and will increase data and information accuracy and accessibility and reduce costs,
he adds.

“Some companies have certain products in which 90% of the cost of implementing them is in building the pro-
prietary interface,” Jost says. With standardized interfaces such as IHEs, “obviously it is less costly to build the
product and much easier for radiology departments to install it. We predict significant savings.”

The IHE, a collaborative effort instigated by the RSNA and the Healthcare Information and Management Sys-
tems Society (HIMSS), unveiled the interface at the 85th Scientific Assembly and Annual Meeting of the RSNA
Nov. 29 through Dec. 3 in Chicago. The RSNA demonstration showed 46 separate information and imaging sys-
tems using the new, common interface to operate in a highly integrated fashion. The project foreshadows a future in
which radiology practices will no longer have to rely on expensive proprietary interfaces to enable their imaging
modalities and information systems to communicate with each other and with the hospital’s information system. 

Another demonstration will be held at the HIMSS annual meeting in April in Dallas. The IHE-compliant infor-
mation systems should be commercially available in the next six to 12 months.

“Before very long this will have a direct impact on even the smallest radiology practice because everyone is mov-
ing in this direction—toward an electronic approach to radiology,” Jost says.

No Information System is an Island
In the project’s first year, more than 20 different competing manufacturers banded together to develop a technical

framework that defines common interface protocols that will enable their various products to communicate with each
other without the need for elaborate proprietary interfaces that normally would have to be built separately. 

“Computers will be able to communicate with each other regardless of the vendor,” says Jost. “It’s almost ‘plug
and play.’”

Here’s one example of how the IHE interface works:
Patients present to the hospital registration area or in the emergency department and all patient demographics and

necessary procedures are entered into the hospital information system (HIS). This information only has to be
entered once and is recorded in a standardized format that the radiology information system (RIS) can access almost
immediately. So, conceivably, a patient’s information would be in the radiology department before he or she com-
pletes the walk to that department.
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Once the patient information and the patient make it
to the radiology department, staff there can access the
patient information via the RIS and update it if needed.
For example, the HIS information may only indicate that
the patient is to have “a leg X-ray,” and the radiology
technician can specify which leg, or a radiologist can
add more procedures to the growing work order for the
imaging equipment. The patient’s name and demograph-
ics do not have to be re-entered—eliminating the poten-
tial for errors such as name misspellings that could link
images to the wrong patient. The RIS then communi-
cates the updated information to the HIS if it is in a field
that is needed by both systems. 

At this stage, technicians using the RIS can schedule
resources—staff, equipment, and exam rooms—for the
patient’s procedures, says Paul Helmuth, engineering
manager in imaging for Kansas City, MO-based Cerner
Corp., a clinical information system provider that is par-
ticipating in the IHE project. 

The growing modality “work list” is sent directly to
the imaging equipment so it automatically knows which
procedure to do to which patient and when. This ensures
that the images taken are correctly identified as belong-
ing to the patient, allowing radiologists to prefetch pre-
viously stored images taken of the same patient when
needed to make a diagnosis. A technician merely has to
confirm that the person who shows up at the exam room
at the specified time is the correct patient who is sched-
uled for the procedure.

Interface Aids Radiology Billing
The modality sends a message to the RIS and to the

picture archiving and communication system (PACS)
when the patient’s procedure is started and another mes-
sage when it ends. This step is important for billing pur-
poses, since it notes exactly which procedure was actu-
ally performed—not just what was scheduled—and how
long it took. The imaging modality also notifies the
PACS how many and of which type of images for that
patient it will receive. If all goes well, the imaging
equipment sends the images to the archiving system,
which stores them. If not, the archiving system can flag
the incident and kick it out into a “penalty box,” where a
technician must solve the problem—perhaps by query-
ing the modality to see if it has any more images to send. 

Once the images are safely stored in the PACS, the
archiving system then sends a message telling the RIS
and the imaging modality that the images for this patient
are stored and available for viewing to anyone who has
the appropriate access from any radiology workstation.
For example, a radiologist can immediately query the
PACS to see the images from any authorized RIS work-
station. Notifying the imaging modality that the images

are archived allows it to erase its local memory of that
patient’s images. 

“That’s a big advance,” says Chris Carr, assistant
director of informatics for the RSNA. “It saves memo-
ry and you don’t have to have a human erase the
images.”

The electronic images are of “comparable quality” to
the standard films radiologists have used for the last 100
years, says Jost. While they may not be of identical
quality, electronic images easily can be manipulated in
ways that improve their readability, such as by magnify-
ing them or by increasing their contrast, he adds.

Communication Helps Prevent Medical Errors
The improved accessibility of more accurate patient

data will “go a long way to providing better quality
care” and will help prevent medical errors commonly
caused by inaccurate patient information, he says. And it
has the potential to expand teleradiology, which has pri-
marily been used to communicate image information.
“It opens up the possibility of communicating much
more than that,” Jost says.

Some elite information systems have proprietary
interfaces that already offer a seamless flow of accurate
information similar to what the IHE interface affords—
if all components are made by the same vendor. “But
that locks you into a relationship with a single vendor
and all the uncertainties that go with that dependency,”
says Carr. 

IHE allows radiology practices to mix and match
components from different vendors and still achieve a
high level of compatibility and connectivity without the
hassle and expense of building a proprietary interface.
“Interfaces are expensive, labor-intensive animals,” says
Helmuth.

And while complex proprietary interfaces can be
built to bridge the communication gap between different
vendors’ disparate systems, there is inherent risk in rely-
ing on such custom-made interfaces. “The self-made
solutions usually depend on one or two key people, and
there is a lot of turnover in the industry,” Carr says.
“They can leave and you’re left with a system that no
one on your staff built and no one knows how to fix or
maintain.”

Debra Stenner, vice president of development for
Burlington, VT-based IDX System Corp., an IHE-par-
ticipating vendor, highlights another risk of relying on
such interfacing between different vendors’ systems: the
dreaded update. She notes that one customer’s informa-
tion system was down for 13 hours because a vendor
updated its PAC system and the interface that connected
that vendor’s system to IDX’s RIS system no longer
worked. 
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The IHE interface avoids problems like this, while
“eliminating redundancy and filling in gaps in informa-
tion,” says Stenner, who is also on the IHE planning
committee.

IHE in Years Two and Three
In year two, the IHE project will ask the standard-

setting bodies to create standards for necessary commu-
nication activities that currently have no standards, so
that the standards can be used as the basis for more
standardized functions, Carr says. IHE will also con-
centrate on adding additional commonly defined func-
tions for:

Standardizing the protocols for report manage-
ment. IHE will create a structured reporting model and a
standardized format for creating and storing patient
information reports.

Handling major exceptions. IHE will create a way
for the system to reconcile emergency trauma cases in
which the procedures are done prior to entering the
patient’s name.

Making the “images available” message available
to the HIS. IHE will create the framework that spurs the
interface to notify the HIS—not just the RIS—when
images are available for viewing and allow the images
to be viewed from any appropriate station connected to
the HIS.

Setting parameters for soft copy and hard copy
consistency. IHE will implement the DICOM standards
that provide consistency in the display of images across
different platforms, monitors, and printers. For example,
if an image looks best with a particular brightness, con-
trast, or gray scale, that information will be transferred
with the image so these adjustments don’t have to be
made manually by the radiologist.

Creating a standardized message for querying the
RIS. IHE will create a standardized message that any
system could use to query the RIS to find a particular
patient report or image. Obviously, this could pose
patient confidentiality and security issues.

Standardized encryption procedures do not yet exist
for this function, so addressing the potential patient con-
fidentiality problems that come hand in hand with
increased patient information accessibility will be an
important issue for the IHE project to address in year
three.

In the next six weeks, the planning committee is
writing a detailed long-range plan for the project. The
IHE will expand its integration goals to include
health care information systems other than radiology,
such as those in pathology, laboratory, and cardiolo-
gy, Jost says.   ❖

Editor’s note: More information about the IHE pro-

ject and its interface can be found on the RSNA web
page at: www.rsna.org/ihe.

Radiology Briefs
A number of new developments in radiology were unveiled
at the 85th Scientific Assembly and Annual Meeting of the
Radiology Society of North America in Chicago, Nov. 28-
Dec. 3, 1999. Here are some of the highlights.

Pitt Researchers 
Unveil Less Costly 
PACS Alternative

Anew and inexpensive method of speeding
diagnosis and treatment of patients was unveiled by

researchers at the University of Pittsburgh School of
Medicine’s radiology department.

Called Dynamic Transfer Syntax (DTS), it involves a
medical image transmission and display method that
researchers there say can be implemented at any hospital
using regular PCs and an inexpensive NT server with
existing ethernet networks. The researchers say DTS can
be implemented at a fraction of the cost of picture
archiving and communication systems (PACS).

Physicians using DTS to access images can choose
the level of image quality they want, including full
fidelity, without spending $80,000-$100,000 for work-
stations and networks, says Paul Chang, MD, director of
the division of radiology information at the university,
and developer of the new technology. “This is important
for examining complicated and massively large image
data sets such as CT or MRI studies,” he adds. “It is
especially true for digital mammograms, where doctors
must compare eight extremely large images . . . side-by-
side at very high resolution in order to detect changes in
breast tissue that could indicate early signs of cancer.”

Stentor Inc., a private company, is developing the
technology for the healthcare market. It is the first com-
pany funded by Caducceus, a biomedical venture capital
fund of which the University of Pittsburgh Health Sys-
tem is the principal sponsor.   ❖

Transplanted Liver Cells
Boost Survival Rates

Transplanting frozen liver cells can keep
patients with liver failure alive while they wait for

an organ donor, according to preliminary studies
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released at the RSNA conference.
The new technique is still considered experimental

but holds great promise for extending the lives of liver
transplant patients, says Jaime Tisnado, MD, author of
one of the studies. He is professor of cardiovascular and
interventional radiology and surgery at the Medical Col-
lege of Virginia/Virginia Commonwealth University in
Richmond.

The new technique also offers hope for helping avoid
the need for a transplant. One patient in the study recov-
ered from the cell infusion alone and no longer needed a
transplant, the researchers reported.

The liver cells used are taken from one of several
sources, usually from excess liver tissue of healthy
donors that had not been used for transplant because it
was too damaged to be cultured. In other cases, a living
person donated part of his or her liver to someone in need
of a transplant, but there is more liver than required. The
harvested cells are frozen, then stored in liquid nitrogen
until ready to use. From 200 million to one billion liver
cells are stored in each infusion. When needed, the cells
are thawed, and from 80%-90% survive. They are then
injected into the liver or spleen. To infuse the cells into
the liver, an interventional radiologist uses ultrasound
guidance to insert a catheter through the abdomen into
the portal vein to the liver. The radiologist uses X-ray
guidance to insert the catheter into an artery in the groin.
From there, the catheter is advanced to the splenic artery,
and the liver cells are deposited in the spleen.   ❖

Early CT Scans Reduce
Lung Cancer Deaths

Early use of ct scans to screen people 60 years
and older who are at risk of lung cancer can save

lives and also convince smokers to give up the habit,
according to research presented at the RSNA meeting. 

A continuing study by researchers at the Weill Med-
ical College Cornell University, New York, and New
York University Medical Center shows that by early use
of CT, cancers can be found when they are about the size
of a grain of rice. Cancers caught at an early stage have

an 80% five-year survival rate, compared to 10%-14%
for later stage cancers, says Claudia I. Henschke, MD,
professor of radiology and division chief of chest imag-
ing at Weill Medical College.

Data supporting the conclusions come from the sec-
ond year of the Early Lung Cancer Action Program
developed by researchers at the two universities. They
found that nine of nearly 1400 subjects tested with
repeat annual CT screening had small tumors either first
appearing on the annual screening or missed on the prior
screening.   ❖

New Imaging Technique
Backs Acupuncture 

Anew form of brain imaging is providing proof
that one of the oldest medical techniques—

acupuncture—really works.
Researchers using functional magnetic resonance

imaging (fMRI) discovered that areas of brain activity
“light up” during fMRI based on increased blood flow in
the portion of the brain being stimulated. 

In the study, pain threshold before acupuncture was
measured by inducing light pain in 12 subjects by
repeatedly using a filament to touch the outside or inside
of the upper lip. In all 12 subjects, fMRI showed consid-
erable brain activity, particularly in the parietal area, the
sensory center of the brain, and the brain stem. Seven
subjects received acupuncture with manual stimulation,
and five received electro-acupucture. During the 30-
minute sessions, subjects rated their pain on a 1-10 scale
every five minutes. FMRI tests were followed and
showed markedly decreased brain activity in four of
seven subjects receiving manual acupuncture, and all
five subjects receiving electro-acupuncture. Those num-
bers corresponded with the decreased levels of pain the
subjects said they were experiencing. 

“We found activity subsided in 60-70% of the entire
brain,” says Wen-Ching Liu, PhD, a co-author of the
study and assistant professor of radiology at the Univer-
sity of Medicine and Dentistry of New Jersey in
Newark.   ❖
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