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Automated Machine Learning with Radiomics
for Predicting Chronicity of Pulmonary Nodules
in Patients with Nontuberculous Mycobacterial
Lung Infection

Capt. Tej I. Mehta, MD; Caleb Heiberger, MD; Andrew Lancaster, BS; Muhammad Umair, MD; Dilek Oncel, MD;
Harrison Bai, MD; Cheng Ting Lin, MD

Abstract

Objective and Hypothesis: This study aimed to create a machine learning model to differentiate acute and chronic
pulmonary nodules using radiomics-based analysis. Distinguishing between acute and chronic nodules on computed
tomography (CT) is essential for patient management but remains challenging due to absence of standardized imag-
ing criteria. We hypothesized that radiomic features could predict nodule acuity.

Materials Methods: We retrospectively analyzed 110 adult subjects with non-tuberculous-mycobacterial respiratory-
infection with at least two chest CT scans between 2005 and 2021. Acute nodules were those initially present and
subsequently resolved, while chronic nodules persisted beyond 30 days on follow-up scans. A total of 260 acute and
249 chronic nodules were individually segmented by a radiologist and radiology resident, with the overlapping seg-
ments extracted for radiomics analysis; 112 radiomic features were extracted. A test set of 108 nodules was assessed
blinded by four radiologists; their performances were compared to the Al model. Recursive-feature-elimination and
permutation-importance were used to reduce overfitting, resulting in eight final features used for model development. An
auto-machine learning package developed the final predictive model. Test performance metrics between the model and
the individual radiologists were compared using McNemar’s test and the area under the receiver operating curves (AUCs)
for the model and the individual radiologists were compared using the DelLong test.

Results: The most accurate model was an ensemble model with sensitivity of 0.65, specificity of 0.92, positive
predictive value of 0.88, negative predictive value of 0.75, and AUC of 0.88. The test performance metrics were
significantly greater than two of the radiologists (P=0.011 and 0.020) and the AUC was significantly greater than all
the radiologists (P value range:<0.0001-0.048).

Conclusions: This study demonstrates the feasibility of a machine learning model for predicting pulmonary nodule
acuity using radiomics. The final model achieved an AUC of 0.88, significantly outperforming four radiologists.

Keywords: Nontuberculous mycobacterium, Machine learning, Radiomics, Pulmonary disease

Affiliations: Department of Radiology, The Johns Hopkins Hospital, Baltimore, Maryland (Drs Mehta, Heiberger, Umair, Oncel, Bai, Lin, Mr Lancaster); The
United States Air Force Medical Corps, Falls Church, Virginia (Dr Mehta). Disclosures: The authors disclose no conflicts of interest and no relevant sources of
financial support per ICMJE guidelines.

Conflict of interest and support statement: The authors declare no competing interests and received no funding or external support for this work.

Prior publication: No prior publication of this data has occurred.

Data sharing statement: No data are available. All data used in this study either were or were derived from DICOM images from The Johns Hopkins Hospital
and are stored on internal databases. The original data are not publicly available. The Python code used to derive the radiomics data and generate the
automated machine learning algorithm are provided as a supplement to this text.
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Predicting Chronicity of Pulmonary Nodules in Patients with Nontuberculous Mycobacterial Lung Infection

Introduction

Nontuberculous mycobacterium
(NTM) are pervasive organisms
increasingly implicated in global
respiratory morbidity and mortality.
Evaluation of pulmonary changes
related to NTM-induced lung disease
(NTM-LD) via chest computed
tomography (CT) scans is crucial for
both diagnostic precision and thera-
peutic monitoring. In particular, the
recognition of specific manifesta-
tions of NTM-LD is pivotal to clinical
management. For example, patients
with primarily nodular and bronchi-
ectatic changes visible on CT imaging
generally exhibit improved responses
to antimycobacterial therapies, and
patients with cavitary lesions or
consolidations tend to respond more
poorly to antimycobacterials.! Fur-
ther supporting this notion, patients
achieving full resolution of lung nod-
ules on high-resolution CT (HRCT)
scans after a six-month treatment
course are more likely to experience
successful therapeutic outcomes, and
patients with persistent nodules are
more likely to experience treatment
failure or relapse.?

While the tracking and evalua-
tion of radiographic alterations are
crucial for understanding NTM-in-
duced lung disorders (NTM-LD),
the nuanced assessment of evolving
pulmonary nodule features can be
laborious and subject to inter-ob-
server variability. Various classi-
fication methods and radiologic
features of disease for NTM-LD
nodules have been suggested, par-
ticularly for distinguishing NTM-LD
from Mycobacterium tuberculosis
(TB) infection, although none have
achieved universal acceptance.>*

Artificial intelligence (AI) ap-
plications in medical imaging are
increasingly becoming an integral
part of clinical practice, revolution-
izing the healthcare landscape in
the process. These Al solutions often
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equal or outperform traditional
computer-aided diagnostic methods.
Specifically, deep convolutional
neural networks (DCNNs) have
demonstrated efficacy in classify-
ing patients with active TB versus
healthy individuals through chest
X-rays and distinguishing between
NTM-LD and TB-related pulmonary
conditions using chest CT scans.®
Radiomics is another advanced
imaging technique that can be par-
ticularly useful when dealing with
smaller datasets and can describe
and quantify human-recognizable
features of imaging data, such as
shape and pixel intensity features.
Radiomics data may then be used
for predictive or classification tasks.

Unlike DCNNs that often require
large training datasets, radiomics can
function efficiently on smaller data
sets. The feature-based approach
of radiomics also makes it more
interpretable, allowing clinicians to
trace back the outcomes to specific,
understandable imaging features.
This interpretability can be crucial
for gaining clinical trust and for
medical decision-making, especially
in complex cases where the patho-
physiological relevance of extracted
features may be better understood.
Therefore, radiomics offers an
approach that may be more suited to
certain diagnostic challenges.

This study hypothesizes that a
radiomics-based model has the
potential to reliably forecast the ac-
tivity status of CT-identified NTM-LD
nodules over a minimum timeframe
of 30 days, with non-inferiority to the
diagnostic accuracy of radiologists.

Materials and Methods

This retrospective study received
approval from the Institutional
Review Board (IRB), with a waiver
for informed consent owing to its
retrospective nature and minimal
risk to patients.

Data Sets

Patients were recruited from
the Johns Hopkins Center for
Nontuberculous Mycobacteria and
Bronchiectasis and were diagnosed
with NTM-LD between 2005 and
2021, in accordance with standard
clinical guidelines.

Chest CT scans available on our
institutional picture archiving and
communication system (PACS)
were reviewed. Exclusion criteria
consisted of patients with either
one or no available CT scans, insuf-
ficient scan quality, or lack of suit-
able nodules for annotation. Both
contrast-enhanced and non-con-
trast CT scans, including those from
external institutions uploaded to
our PACS, were considered.

Imaging Evaluation

A radiologist specializing in
thoracic imaging with 9 years of
experience, blinded to clinical
information, assessed the axial CT
images. Images were evaluated using
lung window settings (window width:
1400 HU; window level: -500 HU) to
identify and categorize non-fully-cal-
cified pulmonary nodules. Acute and
chronic nodules were characterized
based on their stability or resolution
in subsequent scans. Acute nodules
were defined as those present on the
initial scan but which were no longer
apparent within 30 days of follow-up.
Chronic nodules were defined as
those present on the initial scan that
persisted beyond 30 days.

We selected a subset of the data
consisting of 57 acute pulmonary
nodules and 51 chronic pulmonary
nodules, which a group of four
radiologists (Readers 1-4) labeled
in a blinded fashion. These same
nodules were used to create the
testing data set (108 nodules) and
the remaining nodules were used
to create the training data set (401
nodules), with no patient overlap
between the two.

Supplement to Applied Radiology
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Acute Nodule Acute Nodule

S | _ u

Predicted Label = Acute Nodule Predicted Label = Chronic Nodule

Predicted Probablitiy Acute = 78.5% Predicted Probablitiy Acute = 35.3%
Predicted Probability Chronic = 21.5% Predicted Probability Chronic = 64.7%
Chronic Nodule Chronic Nodule

Predicted Label = Chronic Nodule Predicted Label = Acute Nodule
Predicted Probablitiy Acute = 15.1% Predicted Probablitiy Acute = 52.1%
Predicted Probability Chronic = 84.9% Predicted Probability Chronic = 47.9%

Figure 1. Examples of correctly and incorrectly labeled acute and chronic nodules. (A) represents a nodule that the model correctly
predicted to be acute with a predicted probability of 78.5%. (B) represents an acute nodule the model incorrectly predicted as
chronic with a predicted probability of 64.7%. (C) represents a nodule the model correctly predicted as chronic with a predicted
probability of 84.9%. (D) represents a chronic nodule the model incorrectly predicted as acute with a predicted probability of 52.1%.
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Table 1. Performance metrics of the Al model and individual radiologists (readers 1-4) on the test data and
p-values of the McNemar and DeLong tests comparing contingency table and AUC data respectively.
READER ACCURACY  SENSITIVITY SPECIFICITY PPV NPV P-VALUE (MCNEMAR)  AUC P-VALUE (DELONG)

Al Model 0.79 0.65 0.92 088 075 - 0.87 -

Readerl  0.60 0.67 0.53 061 059  0.011 0.60 <0.0001

Reader2  0.73 0.63 0.84 0.82 067 0.414 0.74 0.048

Reader3  0.69 0.82 0.53 0.66 073  0.131 0.68 0.007

Reader4  0.64 0.61 0.67 0.67 061  0.020 0.64 0.007

PPV - Positive Predictive Value; NPV - Negative Predictive Value; AUC - Area Under the Receiver Operating Curve

Segmentation, Radiomics, and
Automated Machine Learning
Manual segmentation of all iden-
tified nodules was performed by a
radiologist with 2 years of post-grad-
uate experience and a third-year ra-
diology resident, using 3D Slicer—an
open-source software. The Dice Sim-
ilarity Coefficient (DSC) was used to
quantify the spatial overlap between
the individual segmentations, and
the overlapping areas were used for
radiomic feature extraction.
Radiomic features were extracted
and normalized using Pyradiomics
(version 3.1.0).° One-hundred-
twelve radiomic features (com-
prising all features available in the
base Pyradiomics library) were
extracted. Dimensionality reduction
techniques were employed to select
a subset of optimized features for
modeling; specifically, recursive fea-
ture elimination was employed with
a Random Forest algorithm to iden-
tify 30 key radiomic features, which
generated an initial model. Feature
importances from these 30 were
subsequently analyzed, and features
that detracted from model perfor-
mance were excluded. The model
was subsequently recreated on the
features with optimal performance.
The selected radiomic features
were then analyzed using the
Autogluon auto-machine learning
package (version 0.8.2) to develop
predictive models.” During initial
training, Autogluon constructs an en-
semble of various models optimized
for the chosen evaluation metric.
From this ensemble, we extracted
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the highest-performing model based
on the area under the receiver oper-
ating curve (AUC) performance. The
evaluation metric was set to the AUC.
The hyperparameters were config-
ured to include bagging with 10 folds,
6 bagging sets, and 3 stacking levels.
Training was limited to 120 minutes.
Training was conducted on a GPU for
computational efficiency. Additional
hyperparameters were automatically
optimized by Autogluon. Autogluon
natively selects validation datasets
from the training set.

Statistical Analysis

Model performance was assessed
by accuracy (AC), sensitivity (SE),
specificity (SP), positive predic-
tive value (PPV), negative predic-
tive value (NPV) and AUC on the
testing dataset. The differences
between the model’s SE and SP
were compared to the results from
the testing data of each radiologist
individually using McNemar’s test
and the differences between the
model’s and radiologists’ AUCs
were compared using the DeLong
test, both with an alpha of 0.05.
The contribution of individual
features to the model was first
assessed via feature ranking and
subcategorization from recursive
feature elimination. Individual
feature importance was assessed
via permutation shuffling with 5
shuffle sets. Statistical significance
of feature importance was assessed
via a t-test with the null hypothesis:
importance = 0, vs the (one-sided)
alternative: importance > 0 with

an alpha of 0.01. Model confidence
scores for individual label examples
were derived from the predicted
probabilities of the model.

Results

Nodule Segmentation and
Model Configuration

A total of 509 pulmonary nod-
ules—comprising 260 acute and 249
chronic nodules—were segmented.
Interobserver agreement between
the two radiologists responsible for
the segmentation yielded an aver-
age DSC of 0.89, with a standard
deviation of 0.07. The final machine
learning architecture employed
was a Neural Net Fast Al model;
bagging techniques were utilized
to augment the model’s generaliza-
tion capabilities.

Diagnostic Performance

Diagnostic metrics for the AI
model and individual radiologists are
summarized in Table 1. Visual exam-
ples of both accurately and inaccu-
rately labeled nodules, accompanied
by model-derived confidence
scores as predicted probabilities,
are presented in Figure 1.

McNemar's test identified signifi-
cant differences in the classification
performances between the Al
model and two of the radiologists
(Readers 1 and 4, P=0.011 and 0.020
respectively). Specifically, the SEs of
the Al model and the two readers
were similar (Se, =0.65, SE
=0.67, SE

Reader

=0.61); however, the

Reader 4
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Predicting Chronicity of Pulmonary Nodules in Patients with Nontuberculous Mycobacterial Lung Infection

Figure 2. Receiver operating curves for the four radiologists (A) and the Al model (B). The area under the curve (AUC) for each receiver operating

curve is displayed in the bottom right corner.
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SP of the AI model was approxi-
mately 50% greater than the two
radiologists (SP,=0.92, SP, .
=0.53, SP, _, =0.67, Table 1).
Additionally, the Al model’s AUC
outperformed all of the radiologists

(AUC, =0.87, AUC, _, . =0.60,
AUC,....,=0.74, AUC__ .. .=0.68,
AUC,_ ...,=0.64, P-value

range:<0.0001-0.048, Table 1,
Figure 2). The model had overall
high performance in the classifica-
tion of chronic nodules with PPV of
0.88 and moderate performance in
the classification of acute nodules
with NPV of 0.75. The radiologists
achieved a wide range of PPVs
(0.61-0.82) and NPVs (0.61-0.73).

Feature Importance
and Contributions

Feature importance metrics are
delineated in Table 2, and corre-
sponding feature rankings are
visually represented in Figure 3; eight
features were found to significantly
contribute to the model. Subcatego-
ries of features and their respective
counts in the final model are outlined
in Table 3. The majority of the chosen
features were first-order statistics
(N=5). The categories of original
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images values, shape, and gray level
run length matrix each contributed
one significant feature as shown in
Table 3. The feature with the greatest
permutation importance was gray
level run length matrix run entropy
(Permutation Importance=0.223).

Discussion

This study investigated the
efficacy of a radiomics-based
machine-learning model to accu-
rately determine the chronicity
of pulmonary nodules in patients
with NTM-LD. The model had a
significantly greater AUC for the
classification of acute vs. chronic
pulmonary nodules than any of four
individual radiologists. The model
also had overall high performance
in the classification of chronic nod-
ules with PPV of 0.88 and moderate
performance in the classification
of acute nodules with NPV of 0.75.
These findings underscore the
potential of radiomics in predicting
the future behavior of NTM-LD
based on complex imaging patterns.

The variability in predicting
nodule chronicity between human
readers and the AI algorithm

suggests an avenue for further in-
vestigation into human interpretive
patterns. Specifically, the important
features extracted from the radio-
mics analysis may provide insight
into features that humans look for
in determining nodule chronicity.
Radiomic features may be
categorized into various groups
depending on the nature of image
transformation algorithms and other
techniques to identify high-dimen-
sional patterns. The Image Biomarker
Standardisation Initiative has
outlined a widely recognized set of
radiomic features, which were used
in this study.® The most salient
features in this context were
first-order features, which describe
basic distributions of voxel intensities
within a region of interest. In this
case, first-order features such as the
range of voxel intensities, minimum
and maximum voxel values, etc.
constituted the majority of important
features to the model. Shape and
original image values were also of
importance. Human expert readers
are able to discern shape-based,
original, and first-order features.’
Only one of the eight significant
features was a high-dimensional
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Table 2. Significant features from the final model categorized by radiomic feature category.

FEATURE PERMUTATION IMPORTANCE STANDARD DEVIATION P VALUE N 99%CI HIGH* 99%CI LOW*

First Order Statistics

10th Percentile Pixel Value 0.059 0.015 <0.001 B 0.089 0.029
Mean Absolute Deviation Pixel Values 0.046 0.012 <0.001 5 0.070 0.022
Maximum Pixel Value 0.045 0.009 <0.001 5 0.064 0.025
Range Pixel Values 0.025 0.003 <0.001 5 0.030 0.020
Minimum Pixel Value 0.021 0.005 <0.001 5 0.031 0.010
Gray Level Run Length Matrix

Run Entropy 0.223 0.027 <0.001 5 0.279 0.168
Original Image Values

Image Mean Pixel Value 0.023 0.004 <0.001 5 0.031 0.014
Shape

Elongation 0.016 0.005 0.001 5 0.027 0.005

*Upper and lower bound of the 99th percentile confidence interval

Figure 3. Significant model features ranked by permutation importance. Permutation importance values are listed along the right side of each bar.

Feature Importance

Gray Level Run Length Matrix Run Entropy

First Order 10th Percentile Pixel Values

First Order Mean Absolute Deviation

First Order Maximum

First Order Range

Original Image Mean Pixel Value

First Order Minimum

Shape Elongation

0.00 0.05 0.10 0.15 0.20
Importance

o feature (gray level run length matrix
Table 3. Number of selected radiomic features per feature category
from the final model.

generally perceptible to humans.
FEATURE CATEGORY NUMBER OF SELECTED FEATURES s .
However, this high-dimensional

Original Image 1 feature was the single most important

run entropy), being a feature not

First Order Statistics 5 feature to the model as determined

by permutation importance. Taken
Shape 1 together, the fact that the majority of
significant features to the model were

Gray Level Run Length Matrix 1

perceptible by humans but that the
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most important feature was high-di-
mensional, indicates that there may
be trends in the data imperceptible to
humans, which may have implica-
tions on disease prognostication and
possibly treatment.

Prior studies have employed
deep convolutional neural networks
(DCNNs) for NTM-LD prognostica-
tion,' but these are often limited by
their “black-box” nature. Radio-
mics-based models, in contrast,
provide a degree of interpretability
by leveraging explicit radiomic
features. For example, DCNNs have
successfully been applied to predict
outcomes such as mortality and
differentiating between nontuber-
culous mycobacteria and Myco-
bacterium tuberculosis.'* Similarly,
radiomic-based analyses have been
successfully applied to the predic-
tion of NTM versus M. tuberculosis,
with AUCs greater than 0.84, but
have been able to identify specific
features (both human interpretable
and non-interpretable) to explain
these predictions.”” These results
from the literature highlight the
ongoing clinical applications of ma-
chine learning in the management
of NTM-LD and related disorders
and reiterate the point that high-
dimensional features predictive of
relevant pathologies exist which
may be imperceptible to humans.

Our study has several limitations
worth noting. First, this study,
as with most radiomics-based
approaches, required semi-auto-
mated image segmentation for data
acquisition. Semi-automated seg-
mentation has inherent subjectivity,
which can affect accuracy, though
we partially compensated for this
by having two readers segment the
same nodules and extracted the
overlapping regions for radiomics
analysis. Additionally, segmentation
is a labor-intensive process, which
can lengthen the time required to
create a useable data set in compar-
ison to DCNN techniques, wherein

Supplement to Applied Radiology

a single user can process orders of
magnitude more data in the same
amount of time, assuming these
data are available. This data set pri-
marily includes patients who sought
care at a single tertiary care center
in the United States. This may limit
generalizability and, more specifi-
cally, may reduce the stability of the
significant features to the model. A
different patient population or scan
technique may identify different
significant features than the ones
we identified. The representation of
each nodule in our dataset is limited
to a single axial CT slice rather than
a 3D dataset, restricting our ability
to fully capture the nodule’s mor-
phology and texture.

Our analysis is further limited to
patients with follow-up CT scans. Pa-
tients with follow-up scans are gen-
erally either those with unresolved/
worsening symptoms and/or those
with the means to follow up with
their exams. Lastly, we did not have
pathologic confirmation for all of the
detected nodules, adhering to the
standard of care for NTM-LD surveil-
lance, which generally reserves biop-
sy or surgery for specific refractory
lesions or suspected malignancies.

Multiple future directions from
this research may be considered. In
a broad scope, one may envision a
real-time probability indicator tool
integrated into PACS systems for
the radiologist and clinician’s use.

A nodule could be segmented and
the future behavior of the nodule
predicted with probability scores
provided for clinical reference. To
reach such a point, a larger, ideally
multi-institutional, dataset would
be required, and the final layers

of the ensemble model could be
retrained on data native to specific
institutions to enhance per-institu-
tion model reliability. Additionally,
integration of clinical and demo-
graphic information into the model
may be of use. An approach such
as this, integrating radiologic and

Predicting Chronicity of Pulmonary Nodules in Patients with Nontuberculous Mycobacterial Lung Infection

clinical data in a systematic fashion,
could help improve clinical decision
making in NTM-LD.

In conclusion, our radiom-
ics-based model shows promising
utility for differentiating between
acute and chronic pulmonary nod-
ules in NTM-LD patients. Its diag-
nostic performance was comparable
to that of experienced radiologists,
suggesting its value as a diagnostic
adjunct. Such tools could ultimately
improve clinical decision-making
and patient outcomes in the man-
agement of NTM-LD.
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Understanding Patient Barriers to Utilization
of Low-dose CT Lung Cancer Screening in a
High-risk Population

Monica M. Matsumoto, MD; Cherie P. Erkmen, MD; Farouk Dako, MD, MPH

Abstract

Objective and Hypothesis: The purpose of this study was to assess factors that may affect low-dose CT (LDCT) uti-
lization for lung cancer screening in a diverse population. The authors hypothesized that a lack of medical provider
support may contribute to underutilization of LDCT for lung cancer screening.

Methods and Materials: A 22-question survey tool was developed and distributed to patients in the radiology de-
partment waiting room of a large, urban academic institution over a four-week period. The questionnaire assessed
demographics, smoking history, knowledge about LDCT, and potential barriers to getting screened. Data are report-
ed and frequencies.

Results: A total of 124 patients responded to the questionnaire. 50% were current or former smokers. 94% of
respondents saw their primary care provider within the past year, although 89% said they had not heard about LDCT
from their doctors. 90% knew that that smoking is the most common cause of lung cancer, although only 64%
knew that lung cancer can be treated successfully at least “sometimes.” 85% reported to be at least somewhat
concerned that they or someone they know could die of lung cancer, and 86% were willing to visit their provider to
learn more about lung cancer screening. Cost and conflict with work schedules were the most frequently reported
reasons for nonadherence to medical appointments.

Conclusions: These data identified an information and communication gap related to lung cancer screening with
LDCT, especially in a high-risk population. These results support the need to better understand factors contributing
to this gap and to reduce barriers to communication and access.

Key Words: lung cancer; cancer screening; low-dose CT; health disparities; patient centered care

. Like most cancers, the stage of prevention have led to improved

Introduction . . . .

diagnosis strongly influences length lung cancer outcomes, racial and

Lung cancer is the second-most of survival, with a five-year relative socioeconomic disparities persist.b**

common cancer and the leading survival of 60% for localized disease, Black Americans who smoke have
cause of cancer-related deaths in the 30% for regional disease, and 6% a higher incidence of lung cancer,
United States." Cigarette smoking is for metastatic disease.! Over 50% advanced disease on diagnosis, and
the number one risk factor for lung of cases continue to be diagnosed mortality even when their cancer
cancer, linked to about 80-90% of at the metastatic stage.? Although is diagnosed at the same stage as
lung cancers in the United States.' advances in healthcare and disease White individuals.>
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Low-dose CT (LDCT) has become
the preferred method of lung cancer
screening, although adoption
remains inconsistent, with several
disparities in the community set-
ting.® The landmark National Lung
Screening Trial (NLST) demonstrat-
ed a 20% reduction in mortality
among high-risk patients when uti-
lizing LDCT instead of chest X-rays
for screening, which has been
attributed to disease detection at an
earlier, more localized stage.’

The U.S. Preventive Services
Task Force (USPSTF) updated its
recommendations in 2021, which
increased the number of people
eligible for LDCT screening to
include those 50-80 years old with a
20 pack-year history and who cur-
rently smoke or have quit within the
past 15 years.”® The need to screen
high-risk individuals has also been
recognized by numerous medical
societies, and LDCT lung cancer
screening is covered by Medicare,
although variability exists for Medic-
aid coverage across states.5'?

Unfortunately, screening preva-
lence has been lagging and heteroge-
neous, with recent studies showing
that only 5-20% of eligible individuals
receive LDCT screening, with ongo-
ing concerns about inequities across
racial and ethnic groups.*'*#

Furthermore, limited data exist
on the impact of lung cancer screen-
ing in racial and ethnic minority
populations despite their higher
disease burden.®'>* There is also
concern that the NLST results may
not be generalizable to all popu-
lations, as 91% of the participants
were White, and efforts to introduce
racial and ethnic diversity into the
NLST have had limited success .*$%*%

Based on these unmet needs and
health disparities, more data on
community perceptions and barri-
ers to LDCT screening are needed,
especially among diverse popula-
tions. Identification of barriers and
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system failures can help guide the
development of interventions. We
hypothesized that a lack of medical
provider support plays a role in un-
derutilization of LDCT for lung can-
cer screening. Thus, the purpose of
this study was to assess for factors
that may affect LDCT utilization for
lung cancer screening in an urban
population that is already connect-
ed with a healthcare system.

Methods and Materials

The authors developed a ques-
tionnaire based on background re-
search on disparities in lung cancer
screening. Questions were designed
to obtain data and elicit potential
barriers to lung cancer screening
with LDCT. The survey (available
online at appliedradiology.com)
comprised 22 questions:

+ 5on patient demographics;

» 2 on access and utilization
of healthcare;

+ 3 on smoking history;
+ 1 on concern about lung cancer;

+ 2on knowledge
about lung cancer;

+ 1on willingness to learn more
about lung cancer screening;

+ 1 on whether LDCT had
been mentioned by a
healthcare provider;

+ 6 on awareness of and knowl-
edge of LDCT lung cancer
screening; and

+ 1on reasons for non-adhering
to appointments.

Question formats included rating
scale, dichotomous, and multi-
ple-choice. Institutional review
board approval was obtained prior
to study initiation, and all partici-
pants consented to participate.

This study focused on barriers to
obtaining lung cancer screening in

Understanding Patient Barriers to Utilization of LDCT Lung Cancer Screening in a High-risk Population

patients who already had access to
healthcare. Thus, participants were
recruited from the waiting room of a
radiology department in a large, ur-
ban academic institution over a four-
week period. A designated research
assistant distributed questionnaires
to patients after they registered for
their radiology diagnostic imaging
or procedure. Participants were
given the option to either return the
questionnaire upon completion prior
to leaving the registration area or

to complete the questionnaire with
the research assistant. A total of 124
questionnaires were collected.

Data are summarized as frequen-
cies. The knowledge score about
the lung cancer screening process
was calculated on a scale of 0 to
5 based on correct answers, with
a higher score indicating higher
knowledge. Tabulation and analysis
were performed using Stata SE 14.2
(StataCorp, College Station, TX).

Results

Table 1 presents the demographic
information of respondents. 52%
identified as Black/African Ameri-
can, and 59% had Medicare or Med-
icaid for insurance. 98% of respon-
dents reported having a primary
care provider; 94% reported visiting
their provider within the past year.
54% of respondents were current
or former smokers, and 77% had
friends and/or family members who
were heavy/long-time smokers.

Table 2 presents data on per-
spectives and knowledge about
lung cancer and screening. 91% of
respondents agreed that smoking
is the most common cause of lung
cancer, although only 64% thought
that lung cancer can be treated
successfully at least “sometimes.”
85% of respondents reported being
at least somewhat concerned that
they or someone they know can die
of lung cancer. 89% of respondents
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Table 1. Demographic information of survey respondents.

CATEGORY

SUBGROUP

Age (y) Mean (range) 50 (18-81)
Median 52
Sex Female 81 (65)
Male 43 (35)
Race Black or African American 65 (52)
White 33 (27)
Hispanic or Latino 25 (20)
Asian 1)
Highest level of education No high school diploma 14 (11)
High school diploma/some college 80 (65)
College graduate 30 (24)
Health insurance Uninsured 3(2)
Medicare or Medicaid 73 (59)
Private insurance 48 (39)
Has a primary care provider Yes 122 (98)
No 2(2)
Smoking status Never smoker 57 (46)
Current or previous smoker 67 (54)
Has close family/friend who is a heavy or Yes 96 (77)
long-ti ki
ong-time smoker No 28 (23)

Table 2. Responses to questions and knowledge about lung cancer and screening.

CATEGORY SUBGROUP
Believe that smoking is the most common Yes 113 (91)
cause of lung cancer

No 11 (9)
Believe that lung cancer can be At least sometimes 79 (64)
successfully treated

Almost never/never 45 (36)
Is worried that they or someone they know  Yes 105 (85)
can die of lung cancer

No 19 (15)
Has heard about LDCT from their doctor Yes 14 (11)

No 110 (89)
Is willing to go a doctor’s appointment to Yes 107 (86)
learn more about lung cancer screening

No 17 14)
Knowledge score about lung cancer Mean (Range) 2.2 (0-5)
screening

Median 2
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Figure 1. Breakdown of reasons that respondents thought contributed to inability to attend scheduled

medical appointments (>1 response possible, N = 255).

Other reason(s)
13%

Unaware of
purpose of the
appointment
6%

Unable to get time
away from family
6%

| N

Other more
important
problems at the
time
13%

Forgetfulness
15%

Unable to get time
away from work

Costs too much
27%

20%

said they had not heard about LDCT
lung cancer screening from their
doctors, although 86% reported a
willingness to visit a doctor to learn
more about screening. The mean
score on items assessing knowledge
about lung cancer screening was
2/6 (33%). Figure 1 presents the
breakdown of reasons that respon-
dents thought contributed to their
inability to attend scheduled medi-
cal appointments. Overall, 56% and
43% of respondents cited cost and
inability to get out of work, respec-
tively, as the most likely reasons.

Discussion

Low-dose CT for lung cancer
screening has been shown to be at
least as efficacious and cost effective
as screening programs for breast and
colon cancer.” However, recruit-
ment of racial and ethnic minority
patients at high risk of developing
lung cancer requires time, effort, and
infrastructure support.?>* Among the
range of hurdles to introducing lung
cancer screening into a community
of diverse backgrounds, the authors
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specifically aimed to evaluate barriers
that could be alleviated by changes
made among hospitals and health-
care providers. For example, previous
studies have demonstrated that Black
individuals often live in more racially
segregated communities compared to
their White counterparts, which is as-
sociated with a later stage of diagnosis
and lower cancer-specific survival.*

Therefore, the study population
comprised patients at an urban
institution in a Black-predominant
community with the assumption
that these patients were more likely
to have insurance and connection
to the healthcare system; thus, it
was projected these patients would
have a greater ability to access
medical care, including appropriate
screening exams.

These data demonstrated that
respondents were relatively well
informed about the link between
smoking and the risk of developing
lung cancer and were concerned
about the associated morbidities.
However, most respondents lacked
fundamental knowledge about lung
cancer screening and treatment op-

Understanding Patient Barriers to Utilization of LDCT Lung Cancer Screening in a High-risk Population

portunities, as approximately one-
third did not believe that lung can-
cer was treatable. Patients may thus
be unaware of the opportunity and
importance of screening if their
physicians are not appropriately
assessing for or recommending it.

Nevertheless, most respondents
indicated a willingness to visit a
provider for more information,
highlighting the importance of the
doctor-patient relationship. Under-
standing the barriers for this com-
munication gap and interventions
facilitating provider communication
with patients about lung cancer
screening could help support pa-
tient adherence to such screening,
especially since primary care physi-
cians may be less familiar with the
USPSTF recommendations.'”*?” For
example, the American Academy
of Family Physicians has previously
stated that evidence is insufficient
to recommend for or against lung
cancer screening with LDCT, and
their recommendation to follow the
USPSTF guidelines was not updated
until March of 2021.%

The doctor-patient relationship
has been shown to be an influential
component of obtaining lung cancer
and other disease-related screen-
ings.” Provider-level support, such
as through patient navigators and
development of culturally compe-
tent, shared decision-making tools,
can help support the doctor-patient
relationship and reduce barriers
to care.>>?’

In addition to deficient commu-
nication, respondents endorsed
socioeconomic reasons for lack of
adherence to appointments, especial-
ly cost and inability to take time off
from work, likely related to acces-
sibility and transportation. These
findings are concordant with findings
from other studies, and such barriers
are of particular importance in lung
cancer as it disproportionately affects
patients of lower socioeconomic
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status who, for example, often have
less access to healthcare services and
may experience higher levels of dis-
trust of their providers.>® Innovative
interventions are needed to mitigate
these barriers to screening, especially
in communities that are at higher
risk of death from lung cancer. Such
interventions could include mobile
imaging campaigns, provision of
transportation benefits, expansion of
telehealth consultations, and collabo-
ration with community leaders.>%*

Study Limitations

Limitations of this study include
the voluntary nature of the survey,
convenience sampling of patients in
the radiology waiting room at a single
institution, and limited generalizabil-
ity beyond the specific urban setting.
No baseline population data were
gathered, so response rate was not
assessed. Nevertheless, the respon-
dent demographics suggest a diverse
cohort based on self-identified racial
and educational backgrounds, which
aligns with the study goals to evaluate
an at-risk population. Additionally,
the study assessed patients who al-
ready had access to the medical sys-
tem, so these data likely overestimate
knowledge and access. Appropriate
access to and communication about
lung cancer screening is likely even
lower in the community setting.

In conclusion, this study identified
aneed for education of patients and
providers with respect to the efficacy
of early detection and treatment
of lung cancer, as well as about the
details of lung cancer screening.
Ultimately, the success of LDCT for
lung cancer screening depends on
adequate awareness and patient
access to the healthcare system,
as well as a trusting patient-doctor
relationship. Further studies are
needed to better elucidate the factors
contributing to disparities in LDCT
lung cancer screening, with inclusion
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of other racial and ethnic minorities.
The efficacy of interventions such

as culturally appropriate educa-
tional material on LDCT, utilization
of patient navigators to liaise with
patients and doctors, and provision of
transportation benefits to enable pa-
tients to keep medical appointments
for lung cancer screening should

also be evaluated.
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Echogenicity, Kidney Length, and Estimated Glomerular
Filtration Rate Among Chronic Kidney Disease Patients
Undergoing Whole Abdominal Ultrasound at West Visayas
State University Medical Center

Peterson Chang, MD; Emmanuel Pelingon, RVT

Abstract

Chronic kidney disease (CKD) is one of the leading causes of mortality in the Philippines. In a country with a poorly
structured healthcare system, it is important to maximize available resources in the management of patients
with this disease.

Ultrasound is the imaging modality of choice for screening and detection of kidney disease. Both morphologic (kidney
length, renal parenchymal echogenicity grading) and hemodynamic (resistivity index) sonographic parameters are
valuable in the assessment and determination of disease progression.

This is a prospective cross-sectional study correlating the ultrasonographic parameters (morphologic and hemody-
namic) to the computed estimated glomerular filtration rate (eGFR) of CKD patients. A total of 42 subjects catego-
rized as belonging to CKD grades 3 through 5 based on eGFR participated.

The study showed a significant correlation between renal parenchymal echogenicity and eGFR. In conclusion, the
grading of renal parenchymal echogenicity is a useful parameter compared to the resistivity index and renal length in
determining the renal status of CKD patients.

Key terms: chronic kidney disease, resistivity index, eGFR

Introduction

An estimated 1.2 million people
worldwide died of chronic kidney
disease (CKD) based on the 2017
Global Burden of Chronic Kidney
Disease Study.! The prevalence of
CKD in Asian countries is reported to

be among the highest in the world.
As of 2016, it was one of the leading
causes of death, according to The
American Journal of Kidney Disease.
In the Philippines, kidney diseases,
especially end-stage renal disease
(ESRD), are the seventh leading cause
of death among Filipinos, according

Affiliation: West Visayas State University Medical Center, Jaro, lloilo City, lloilo, Philippines (Dr. Chang); Ng

Teng Fong General Hospital, Singapore (Mr. Pelingon).

Acknowledgement: The authors would like to thank the chairman of the Department of Radiology, and the
head and staff of the ultrasound department, of the West Visayas State University Medical Center, for their

assistance and permission to conduct this study.
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to the National Kidney and Trans-
plant Institute.® Chronic kidney dis-
ease poses a tremendous financial
burden on patients in developing
countries with poorly structured
public healthcare systems, such as
the Philippines.?

Adequate evaluation of renal dis-
eases with readily available diagnos-
tic tools is essential to decision mak-
ing that could offer a more favorable
outcome for the patient. Ultrasonog-
raphy is becoming a first-line modali-
ty in suspected cases of renal disease
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and postintervention surveillance.
Since ultrasonography is relatively
affordable, does not require contrast
media or expose patients to ionizing
radiation, and is non-nephrotoxic, it
has become the most useful tool in
evaluating renal disease.*®
Morphological changes in the re-
nal parenchyma were indisputably
found to correlate with renal disease
thus, Doppler ultrasound has been
incorporated in greyscale imaging
and is used to calculate the resistive
index (RI) flow parameter, which
has been considered in numerous
studies to be a promising tool in ob-
taining quantitative diagnostic and
therapeutic insight into CKD.®

Research Question

The major question at the center
of this study was: which sonograph-
ic parameter (resistivity index,
renal parenchymal echogenicity
grading, or kidney length) is most
sensitive to and correlates well with
declining eGFR levels in patients
with chronic kidney disease under-
going whole abdominal ultrasound
at West Visayas State University
Medical Center (WVSUMC)?

Statement of the Problem

The estimated glomerular filtra-
tion rate is the most widely used
indicator for renal disease. The
“2002 National Kidney Foundation—
Kidney Disease Outcomes Quality
Initiative (NKF-KDOQI) Clinical
Practice Guidelines for Chronic
Kidney Disease: Evaluation, Clas-
sification, and Stratification,” and
“The Kidney Disease: Improving
Global Outcomes (KDIGO) 2012
Clinical Practice Guideline for the
Evaluation and Management of
Chronic Kidney Disease (CKD),”
both define CKD as a decrease
in eGFR (<60 ml/min/1.73 mm?).
They also recommend the use of
eGFR and creatinine in the initial
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assessment. However, the avail-
ability of eGFR reports may not be
instantaneous in outpatient clinics.
Some studies highlight common
limitations that challenge the utility
of eGFR in the diagnosis of CKD.’

Ultrasound has been used for
decades to evaluate the degree of
kidney disease using morphologic
changes in the renal parenchyma.
Recently, renal parenchymal resis-
tive indices have been found to help
assess CKD. A study by Heine et al
in 2006 concluded that ultrasound
intrarenal RI independently reflects
local renal damage and systemic
vascular disease.?

Kidney sonography at our insti-
tution does not involve resistive
index determination despite the
ease of acquisition of RI values.
There appears to be an insufficient
comparative study regarding which
parameter—ultrasound grading of
the renal parenchyma, parenchy-
mal RI, or kidney length—best cor-
relates with abnormal eGFR levels.
Moreover, the correlation between
the sonographic variables is not
well-documented in our setting.

Although various studies have
independently correlated each
parameter to eGFR, how these vari-
ables compare with each other in
evaluating CKD is not known. Thus,
this study aimed to determine how
well sonographic grading of renal
parenchymal echogenicity, kidney
size, and the resistive indices cor-
relate with declining eGFR grades in
these patients.

Significance of the Study

In clinical settings, no single
diagnostic parameter is recom-
mended for initial assessment of
the patient’s condition. The KDOQI
and KDIGO Guidelines define CKD
based on structural abnormalities
detected in imaging and decreased
eGFR. Hence, this study seeks to
correlate the sensitivity of ultra-
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sound’s morphological and hemo-
dynamic parameters to the eGFR.
The acceptable correlation of the
two will impact clinicians, sonogra-
phers, radiologists, and patients.
Imaging with qualitative and
quantitative parameters for detect-
ing CKD presence, severity, and
progression will provide clinicians
with better guidance in managing
the disease and help determine
treatment efficacy. In certain
conditions where eGFR calculations
are hampered by overestimations
or underestimations owing to dis-
crepancies in the biomarkers being
analyzed, sonography offers an
alternative parameter. The current
scanning protocol can be modified
to incorporate vascular studies
for CKD assessment and serve as
alternative parameters where renal
parenchymal echogenicity is indis-
cernible. A comprehensive imaging
report with qualitative and quan-
titative assessment can provide
patients with a more conclusive
diagnosis, reducing the need for ad-
ditional, costly imaging procedures.

Objectives of the Study

This study aimed to compare
morphologic parameters (sono-
graphic grading of renal paren-
chymal echogenicity and kidney
length) and the hemodynamic
parameter (renal RI) and their
correlation to the eGFR of CKD pa-
tients undergoing whole abdominal
ultrasound at West Visayas State
University Medical Center. More
specifically, it was performed to:

+ Identify which parameter is
more sensitive to and correlates
well with deranged eGFR levels
(Grades 3 to 5); and,

+ Determine the correlations be-
tween different sonographic pa-
rameters (RI, renal parenchymal
echogenicity grading or kidney
length) as eGFR grades decline.
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Table 1. Grading of renal parenchymal echogenicity.

PARENCHYMAL ECHOGENICITY (COMPARED TO SPLEEN PARENCHYMA) CORTICO-MEDULLARY DIFFERENTIATION
GRADE 0 Less Well-maintained
GRADE 1 Same Maintained
GRADE 2 More Decreased

GRADE 3 More Poorly maintained

Figure 1. Representative sonograms of renal parenchymal echogenicities at different gradings. Grade 0 (A) shows well-maintained cortico-
medullary differentiation with cortical echogenicity less than the adjacent spleen. Grade 1 (B) shows isoechoic cortex with that of the adjacent
splenic parenchyma with maintained cortico-medullary differentiation. Grade 2 (C) shows decreased cortico-medullary differentiation with
hyperechoic cortex compared to adjacent splenic parenchyma. Grade 4 (B) shows decreased renal length with markedly increased cortical
echogenicity and lack of cortico-medullary differentiation.
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Review of Literature

A review of the literature was
conducted to determine the sub-
jects and conclusions of studies
with respect to the utility of
morphologic and hemodynamic
parameters in ultrasound.

eGFR

According to the “KDIGO 2012
Clinical Practice Guideline for the
Evaluation and Management of
Chronic Kidney Disease,” the kid-
ney has many functions, including
excretory, endocrine, and meta-
bolic. The glomerular filtration
rate (GFR) is one component of
excretory function. However, it is
widely accepted as the best index
of overall kidney function because
it is generally reduced following
widespread structural damage, and
most other kidney functions de-
cline in parallel with GFR in CKD.?

For these reasons, the guidelines
recommend eGFR in the assess-
ment, management, and monitor-
ing of disease progression of CKD
patients. In a 2008 commentary
appearing in the Clinical Journal
of American Society of Nephrology,
however, Richard J. Glassock and
Christopher Winearls discouraged
the use of eGFR alone in diagnosing
and classifying CKD.

Morphological Parameters

Unlike acute kidney injury,
where healing is complete with
total functional kidney recovery,
sustained insults from chronic and
progressive nephropathies progress
to kidney fibrosis and destruction
of the normal organ architecture."
Ultrasound scans that demonstrate
small kidneys with reduced cortical
thickness, increased echogenicity,
scarring, or multiple cysts suggest a
chronic process. !

In a 2015 study of 72 CKD
patients with stages 1-4 disease,
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Lucisano et al concluded that the
improved correlation of corrected
parameters for body height with
the GFR makes renal sonography
a reliable tool for a more complete
assessment of the disease.

In 2017, Yaprak and colleagues
published their findings on the
role of kidney length, parenchymal
thickness and echogenicity in as-
sessing CKD. They utilized these pa-
rameters to interrogate each kidney
of 120 patients with stages 1-5 CKD.
An ultrasonographic CKD score
was used, based on the mentioned
parameters, which revealed that
eGFR correlates with kidney length
and parenchymal thickness.*®

In a study by Shivashankara et
al, renal parenchymal status was
assessed effectively using a grading
system that compared the echotex-
ture of the renal parenchyma with
that of the splenic parenchyma, as
well as the degree of sonographic
differentiation of the renal cortex
to that of the medulla (Table 1).5

Ahmed et al in 2019 studied the
correlation of the role of ultrasound
with serum creatinine levels in the
diagnosis of CKD. The researchers
found that renal cortical echoge-
nicity correlates best with serum
creatinine over longitudinal kidney
length, parenchymal thickness,
and cortical thickness in pa-
tients with CKD.*

Hemodynamic Parameters

In their 2022 study, Radermacher
et al hypothesized that in patients
with CKD of any cause, the decline
of renal function resulting from
nonspecific renal scarring would
correlate with a higher renal resis-
tance index. Interstitial fibrosis and
loss of capillaries and glomeruli
are the hallmarks of renal scarring.
Assessment of intrarenal vascular
resistance helps determine the de-
gree of renal parenchymal damage.
Color Doppler ultrasonography
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was performed on 162 consecutive
patients with renal disease. The
researchers found that renal func-
tion declined over time in patients
with RI >0.80. They concluded that
arenal RI 20.80 reliably identifies
patients at risk for progressive
renal disease.’®

A 2012 study published in Biomed
Central Nephrology found an associa-
tion between renal RI with histo-
logic findings and renal outcome.
The renal RI was measured prior to
biopsy in 58 CKD patients. The study
revealed that RI > 0.65 were associ-
ated with severe interstitial fibrosis,
arteriosclerosis, and declines in
renal function.!* However, the sam-
ple size was small, and CKDs arise
primarily from glomerulonephritis.

In 2020, Sutikno et al compared
the diagnostic value of renal RI and
cortical echogenicity in 41 CKD pa-
tients. Resistive indices and degree
of echogenicity were taken from
both kidneys of subjects, all with a
GFR <90 ml/min./1.73 m?at screen-
ing. They found renal RI to be supe-
rior to renal cortical echogenicity
in terms of specificity for CKD.*

The literature clearly shows the
significant correlation of morpho-
logic and hemodynamic parame-
ters of ultrasound in the diagnosis
and management of CKD. The
absence of studies comparing these
parameters to the GFR challenges
their sensitivity to CKD. It also
raises the question of whether they
can be reliable imaging tools in as-
sessing CKD or in determining the
potential for disease progression.

Methods

Study Design and Setting

This is a prospective observation-
al (cross-sectional) study correlat-
ing ultrasonographic morphologic
and hemodynamic parameters to
the computed eGFR of CKD patients.
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Table 2. GFR category based on MDRD formula.

GFR CATEGORY

EGFR (ML/MIN/M2)

TERMS

Grade 1 >90 Normal or high

Grade 2 60-89 Mildly decreased

Grade 3a 45-59 Mildly to moderately decreased
Grade 3b 30-44 Moderately to severely decreased
Grade 4 15-29 Severely decreased

Grade 5 <15 Kidney failure

Table 3. Sociodemographics.

CHARACTERISTIC

Average age (56.10 + 16.5246)

SAMPLE (N)

PERCENTAGE (%)

Age groups
19-40 6 14.29
41-60 18 42.86
>60 18 42.86
Sex
Male 22 52.38
Female 20 47.62
Marital status
Married 23 54.76
Single 10 23.81
Separated - -
Widowed 9 21.43
Ethnicity
Asian 42 100
Others = -

The data collection and processing
were conducted at West Visayas
State University Medical Center, a
300-bed tertiary hospital in Jaro,
Tloilo City, Iloilo, Philippines.

Study Period, Patient
Selection, Scope, and
Limitations

Prospective reviews were con-
ducted on the charts of admitted
CKD patients scheduled to undergo
abdominal ultrasound examination
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at the WVSU-MC between March and
November 2022. Patients diagnosed
with CKD were further evaluated
according to inclusion/exclusion
criteria, resulting in a sample size

of 42 subjects. The following are the
inclusion and exclusion criteria:

Inclusion criteria

+ CKD patients with eGFR <59 mL/
min/1.73 m?*(computed using the
MDRD formula) or eGFR Grades
3to 5 (Table 2);

* Age >18years

Exclusion criteria

+ Undergoing renal replace-
ment therapy (hemodialy-
sis, peritoneal dialysis) or
post-kidney transplant)

« Patients with major physical
dismemberment; and

+ Presence of nephrolithiasis,
hydronephrosis, renal malignan-
cies, or acute febrile illnesses.

Scope and Limitations of the Study

This study utilized a creati-
nine-based eGFR calculation in de-
termining the severity of CKD, as it is
awidely available and reliable assay
recommended by the latest clinical
practice guidelines. Although inulin
clearance remains the gold standard
for measuring GFR, the test is expen-
sive and not readily available.

Study Population and Procedure

Forty-two patients who under-
went whole abdominal ultrasound
examinations at WVSUMC within the
aforementioned timeframe were in-
cluded. No randomization was done.
The examinations were performed
using either the Toshiba Ultrasound
System Xario 200 (with serial number
99B1463412) or Sonoscape S50 (with
serial number 0502505103).

Renal parenchymal echogenicity
grading and kidney length mea-
surements were obtained by the
radiology resident-in-charge and
double-checked by the radiology
consultant on duty (Figure 1).
Parenchymal echogenicity grading
was based on comparative echo-
genicity for the spleen (Table 1),
while a kidney length of <8 cm was
considered decreased. Resistivity
indices were obtained by a radiolo-
gy resident experienced in vascular
sonography, with >0.70 considered
an abnormally increased RI.

Patient demographic and clinical
data were uploaded to a secure
database for patient confidentiality
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Table 4. Morphologic and hemodynamic ultrasonographic features and privacy. Each patient was as-
and eGFR category. signed a code to maintain anonymi-

ty and data organization.

CHARACTERISTICS SAMPLE (N) PERCENTAGE (%)
Resistivity index (right) Resistive Index Determination
—— 16 38.10 The patients were scanned using a

curvilinear probe. Spectral Doppler
abnormal 26 61.90 images with clear waveform patterns
were captured. The peak systolic
velocity (PSV) and the end diastolic

Resistivity index (left)

el 13 30.95 velocity (EDV) were measured. The
abnormal 29 69.05 RIs were automatically calculated by
the machine presets using the equa-
Renal parenchymal echogenicity grade tion (PSV-EDV)/PSV. The ntraparen-
0 2 4.76 chymal arteries in the upper, middle,

and lower poles of both kidneys

were sampled. The sample volume

I 13 30.95 was set to a minimum with a narrow
angle of insonation. The three RI
measurements for each kidney were
eGFR category averaged. Only the highest average RI
value from one sample was recorded.

| 17 40.48

I 10 23.81

s ° 11.90 Reports were validated by a sonol-

3b 8 19.05 ogist with adequate experience in
vascular sonography.

4 8 19.05 graphy

5 21 50.00 Renal Length and N
Parenchymal Echogenicity

eGFR 19.46 + 16.4908

Kidney length was measured with
Mean kidney length (+SD) (cm) 9.19 + 1.3985 a curvilinear probe in the coronal
plane with the patient in the supine

Table 5a. Comparison of eGFR with RI-right. or lateral decubitus position. The

maximum longitudinal section from

EGFR GRADE NO. OF PATIENTS MEANRI SD CHI-SQUARE P-VALUE

both pole ends was recorded.

3a 5 0.662 0.1096 3.667 0.2997 The renal parenchymal echotex-
ture was compared to the splenic

3b 8 0.755 0.0438
parenchymal echotexture and graded

4 8 0.794 0.1167 according to the criteria in Table 1
as in the study by Shivashankara et

5 21 0.768 0.1459

al. Representative sonograms at dif-
Total 42 0.758  0.1250 ferent renal parenchymal echogenic

grades are also shown in Figure 1.

Table 5b. Comparison of eGFR with RI-left. All sonographic morphological pa-
rameters were conducted by resident

EGFR GRADE  NO. OF PATIENTS MEANRI  SD CHI-SQUARE  P-VALUE . .. .

radiology physicians and validated by
3a 5 0.696 0.0391 3.49 0.3220 experienced consultant radiologists.
3b 8 0.789 0.0848

eGFR Calculation

N 8 Chres 0.0816 Serum creatinine (in mg/dl) level

5 21 0.817 0.2277 at patient admission, age, and sex
were used for eGFR computation
(in ml/min/1.73 m?) using the

Total 42 0.789 0.1712
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Table 6. Comparison of renal parenchymal echogenicity grade with
eGFR

RPEG NO. OF MEAN EGFR SD
PATIENTS (ML/MIN/M2)

CHI-SQUARE P-VALUE

0 2 33.90 19.7990 12.326 0.0063
| 17 28.76 17.3868
] 13 10.47 9.9457
I} 10 12.47 12.0532
Total 42 19.46 16.4908

Table 7a. Comparison of eGFR with kidney length

EGFR GRADE NO. OF MEAN KIDNEY SD CHI-SQUARE P-VALUE
PATIENTS LENGTH (CM)
3a 5 9.34 1.0114 0.075 0.9947
3b 8 9.25 0.9024
4 8 9.10 1.2694
5 21 9.17 1.7161
Total 9.19 1.3985

Table 7b. Comparison of eGFR by kidney characteristic

KIDNEY LENGTH (CM)

EGFR GRADE | ABNORMAL % NORMAL
3b 1 12.5 7 87.5 8

4 2 25 6 75 8

5 4 19.05 17 80.95 21
Total 8 19.05 34 80.95 42

Table 8. Correlation of eGFR with morphologic and hemodynamic
parameters

PARAMETERS SPEARMAN COEF. P-VALUE
RI-right -0.1934 0.2196
RI-left -0.1640 0.2995
RPEG -0.4967 0.0008
kidney length 0.1704 0.2806
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Modified Diet in Renal Disease
(MDRD) formula:
(175 x (serum creatinine)
-1.154 x (Age) - 0.203 x
(0.742 if female) x
(1.212 if African American)

Chronic kidney disease, as de-
fined by KDIGO, is the presence of
abnormalities of kidney structure
or function for >3 months and with
health implications and graded ac-
cording to serum creatinine-based
eGFR computation (Table 2), with
<60 ml/min/m? (Grades 3a to 5) as
the threshold for CKD.

Data Processing and Analysis

Data processing and analysis
were performed using the Stata MP
Version 17. The mean and standard
deviation were calculated for age,
eGFR, and kidney length. Frequen-
cies and percentages were used to
determine other sociodemographic
characteristics and morphological
and hemodynamic parameters. - RIs
and longitudinal kidney length were
calculated for each eGFR grade. The
eGFR was calculated for each grade
of renal parenchymal echogenicity.

The Kruskal-Wallis H Test was
performed to check for association
between groups, and Spearman’s
rank correlation coefficient was
used to determine the strength of
association between variables. A
p-value <0.05 was considered statis-
tically significant.

Results

This study compared and identi-
fied the correlation between mor-
phological parameters (sonograph-
ic grading of the renal parenchymal
echogenicity and kidney length),
hemodynamic parameters (renal
RI), and eGFR of patients with CKD
who underwent whole abdomi-
nal ultrasound.

A total of 42 subjects were
accounted for in this study. All of
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Figure 2. Scatterplot of eGFR (ml/min/1.72 m2) and RI of right kidney
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Figure 3. Scatterplot of eGFR (ml/min/m2) and RI of left kidney
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Figure 4. Scatterplot of eGFR (ml/min/m2) and kidney length (cm)
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them were Asians with an average
age of 56 years (+ 16.5246). About
52.4% were male and 47.6% were
female. The majority were married
(54.8%), followed by single (23.8%),
and separated (21.43%) (Table 3).

Resistive index results showed
that 61.9% of patients had an
abnormal right kidney, while
69.1% had an abnormal left kidney.
Patients with renal parenchymal
echotexture (RPE) grade I com-
prised 40.5% of the population,
followed by those with RPE grade
II at 31.0%, RPE grade III at 23.8%,
and RPE grade 0 at 4.8%. The
average eGFR was 19.5 ml/min/m2
(+ 16.4908), and most of the patients
fell in Grade 5 (n=21; 50%), followed
by Grade 3b, Grade 4 (n=8; 19.1%),
and Grade 3a (n=5; 11.9%). The av-
erage kidney length measured 9.19
cm (+ 1.3985) (Table 4).

Statistical results showed that
patients with eGFR grade 3a had
an average right kidney RI of 0.662
(+0.1096), eGFR Grade 3b patients
had an average right-RI of 0.755
(+0.0438), Grade 4 patients, an
average right-RI of 0.794, and Grade
5 patients, an average of 0.768 (+
0.1459) (Table 5a). Meanwhile, the
average RI of the left kidney for pa-
tients with eGFR grade 3a was 0.696
(+0.0391), that for patients with
Grade 3b had an average of 0.789 (+
0.0848), Grade 4, an average of 0.774
(+0.0816), and Grade 5, an average
of 0.817 (+ 0.2277) (Table 5b).

Results of the Kruskal-Wallis
test to compare the RIs of the
left and right kidneys for each
eGFR grade showed no significant
difference between each grade
(p-value > 0.05).

Comparing the actual eGFR
values with the renal parenchymal
echogenicity grade (RPEG). the
average eGFR for RPEG 0 was 33.90
(+19.790), RPEG I was 28.76 (+
17.3868); RPEG I, 10.47 (+ 9.9457);
and RPEG III, 12.47 (+ 12.0532).
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Using the Krustal-Wallis test, our
study found evidence to conclude
that a significant difference exists
between eGFR and RPEG levels
(see Table 6).

The average kidney length of
patients with eGFR grade 3a was
9.34 (+ 1.0114); those with eGFR
grade 3b was 9.25 (+ 0.9024); grade
4,9.10 (+ 1.2694); and grade 5,

9.17 (+ 1.7161). Kruskal-Wallis test
results showed no significant differ-
ence between the average kidney
length for each eGFR grade (Table
7a). Additionally, only one out of
five patients with eGFR grades

3a and 3b had been diagnosed

with small kidneys. Meanwhile,
two patients with eGFR grade 4
and four with eGFR grade 5 were
identified to have abnormally-sized
kidneys Table 7b).

Table 8 shows that RI has a weak
negative correlation with eGFR
(right: -0.1934; left: -0.1640). This
means that as eGFR increases,
the kidneys’ resistivity decreases.
Results also showed that the RPEG
has a moderate negative correlation
with eGFR (-0.4967). This implies
that higher eGFR is associated
with lower RPEG.

Lastly, kidney lengths positively as-
sociated with eGFR (0.1704) although
weakly correlated. This indicates that
eGFR increases with kidney length.
These correlations were confirmed
by Figures 2, 3, and 4, wherein the
plots reflect linear but almost flat
lines. Using Spearman’s correlation
test, only RPEG demonstrated a sig-
nificant correlation with eGFR (p-val-
ue: 0.008). The remaining parameters
did not show evidence of statistical
significance (p-value > 0.05).

Discussion

Ultrasonography remains an im-
portant diagnostic imaging modality
in the evaluation of the kidneys,
giving clinicians an overview of renal
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status and function. Evaluation of
renal parenchymal echogenicity, RI,
and renal length are sonographic
parameters used to correlate kidney
status, especially in patients with
CKD. Each of these parameters has
advantages and disadvantages, as
explored in this study.

This study comprised CKD
patients, most with increased resis-
tivity indices; however, a poor cor-
relation was found with increasing
eGFR grade. Although the samples
with deranged RI belonged to CKD
patients in stages 3b to 5, a linear
correlation could not be established
to properly set range RI values for
each CKD stage. It has been shown
that some factors may influence RI
values despite the presence of renal
disease; these include systemic
vascular resistance, heart rate, and
atherosclerosis. Systemic and non-
renal factors should be considered
in the use of RI for evaluating renal
disease.* Because of the pitfall as
mentioned earlier, studies suggest
that RI may be useful for predicting
AKI, as values may increase in the
setting of sepsis, hepatorenal syn-
drome and obstructive uropathy.
The utility of RI has been correlated
with patient age and histological
changes such as sclerosis and
tubulointerstitial damage in kidney
tissue samples. Studies have also
shown that in CKD patients with RI
values >0.70, there is poorer renal
survival compared to patients with
RI of <0.65 upon follow-up.°

Kidney length showed the least
statistically significant correlation
with eGFR, although most of the pa-
tients with decreased kidney length
fell into CKD categories 4 and 5. This
implies that changes in renal dimen-
sions may not be sonographically
apparent, even though worsening
renal function and kidney atrophy
are more common at the severe
end of the CKD spectrum. This also
highlights the relative differences

in kidney size based on gender, age,
weight, and height.*Obtaining renal
volume and cortical thickness may
be more meaningful in assessing
renal status compared to renal
length alone. Renal size assessment
through ultrasonography has been
shown to be of value for residual
renal function evaluation in patients
who are already undergoing renal
replacement therapy.’

Findings suggest that renal corti-
cal echogenicity correlates well with
eGFR in CKD compared to RI and
renal length,. Local and widespread
renal cortical changes in the setting
of interstitial and cicatricial condi-
tions, respectively, produces conse-
quent linear cortical echogenicity
changes. This may be attributed to
findings that support significant
histologic correlation (glomerular
sclerosis, tubular atrophy, interstitial
inflammation, and fibrosis) with
echogenicity of the renal cortex.

Flow changes, cell infiltration
and deposition of substances such
as fat, connective tissue and calci-
um contribute to increased cortical
echogenicity of the kidneys.* The
renal echogenicity grading also
correlated well with the use of cre-
atinine levels in patients with CKD
in comparison to other sonographic
parameters in one study.

Furthermore, changes in renal
echogenicity are irreversible
compared to serum creatinine
levels, which can be corrected with
renal replacement therapy. As a
tool for determining renal status in
CKD patients, sonographic grading
of the renal cortex relative to the
liver or splenic parenchyma can be
performed easily, with a high repro-
ducibility rate.?’

Conclusion

Parenchymal echogenicity grading
can be a useful sonographic param-
eter, among others, in determining
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the renal status of patients with CKD,
correlating well with declining levels
of eGFR. This may be due to renal pa-
renchymal echogenicity being more
representative of changes occurring
at the tissue level. In addition, non-
renal factors may affect renal length
and RI values; thus, they may not
correlate well with the current renal
status of CKD patients.

For further study, the authors
suggest that more than one evalu-
ator be used for RI determination.
Increasing sample size and study
duration may also be needed. A
more meaningful, albeit tedious,
measurement may be performed
through the acquisition of renal
volume rather than length alone.
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Radiation-associated Angiosarcoma of the
Breast: A Clinicopathological and Multimodality
Imaging Review

Helena Bentley, MD MSc; Joanna Yuen, MD; Malcolm Hayes, MBChB, LRCP, MRCS MMed Path, FRCPath, FRCPC;
Tetyana Martin, MD, FRCPC

Abstract

Patients diagnosed with breast cancer who have been treated with breast conserving surgery and radiation therapy
have an increased risk of developing radiation-associated angiosarcoma of the breast. With the increased use of
breast conserving surgery and radiation therapy in the management of breast cancer, greater awareness and under-
standing of the disease is required. This review describes the epidemiology, etiology, clinical presentation, imaging
features, differential diagnosis, and histopathological features of radiation-associated angiosarcoma of the breast.
Multimodality imaging includes mammography, ultrasound, and magnetic resonance imaging. Moreover, we high-
light key clinical practice points for radiologists regarding identification and management of the disease.

Key words: breast imaging, breast cancer, angiosarcoma, radiation-associated angiosarcoma

breast) or it may arise secondary disease yields poor prognosis with

Introduction

to a biological insult (secondary significant metastatic potential.®

Angiosarcomas are malig-
nant tumors that originate from
endothelial cells lining vascular
channels. They are a rare histologic
subtype of soft-tissue sarcomas and
they represent only 1 to 2% of all
soft-tissue sarcomas.! The breast is
a common tissue in which angiosar-
coma may arise. Angiosarcoma of
the breast may arise spontaneously
(primary angiosarcoma of the

angiosarcoma of the breast), such
as radiation therapy (radiation-as-
sociated angiosarcoma of the breast
[RAAS], Box 1).2*

In recent years, RAAS has be-
come increasingly reported and it
has been suggested to be associated
with the increased use of breast
conserving surgery and radiation
therapy in the management of
breast cancer.>® Diagnosis of the

As such, radiologists’ ability to
appropriately recognize RAAS is
integral. We provide a compre-
hensive review of RAAS as well as
a multimodality imaging review
of the disease.

Epidemiology

Risk and incidence

Studies have demonstrated that
patients diagnosed with breast
cancer who are treated with breast
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conserving surgery and radiation
therapy have an increased risk of
developing RAAS as compared to
those patients who did not receive
radiation therapy.® Large popu-
lation-based studies utilizing the

Surveillance, Epidemiology, and
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Box 1. Definition of radiation-associated malignancy.

Criteria developed by Cahan and Woodward (1948) and further adapted by Arlen et al (1971) provides specifications for a malignancy to
be considered as radiation-associated.*”“® This criteria includes that: (1) the malignancy must have arisen in a previously irradiated field;
(2) the latency period between which the malignancy arose and the radiation therapy occurred is at least 3 years; and (3) the malignancy
possesses histological distinction from the primary malignancy.“”-4¢

Table 1. Summary of studies reporting the incidence of angiosarcoma of the breast after breast conserving surgery
and radiation therapy for the treatment of breast cancer.

REFERENCE YEARS DURING POPULATION NUMBER OF CASES OF NUMBER OF CASES REPORTED INCIDENCE
WHICH DATA WAS STUDIED BREAST CANCER TREATED  OF ANGIOSARCOMA OF ANGIOSARCOMA
COLLECTED WITH RADIATION THERAPY

Strobbe et al. 1987 to 1995 Netherlands 16 500 21 0.16%°

(1998) (8 years)

Marchal et al. 1975 to 1996 France* 18 115 9 0.05%

(1999) (21 years)

West et al. (2005) 1989 to 1997 California, USA** 423 4 1.11%"
(8 years)

Fodor et al. (2006) 1996 to 2004 Hungary** 6729 8 0.14%°
(8 years)

Bentley et al. 1993 to 2017 British Columbia, 41094 22 0.05%

(2020) (25 years) Canada

aIncidence calculated on assumption that 6% of the cohort did not receive radiation and an 85% 5-year survival, ° Incidence calculated on assumption of
85% 5-year survival, *data reported from 11 of 20 national cancer centers, **data reported from a single center.

End Results (SEER) database have
reported the incidence rate of
RAAS to be 7.6 per 100 000 person
years.” Five studies have estimated
the incidence proportion of RAAS,
with the incidence proportion
reported varying from 0.05% to
1.11% (Table 1).*'2 While certain
studies have demonstrated an
increased number of cases of RAAS
over time, the incidence proportion
of RAAS reported over time has not
increased.!>'

Etiology

The etiology of RAAS remains
poorly understood. Genome insta-
bility arising from DNA damage
and direct tumor induction arising
from radiation therapy through mu-
tations of relevant cancer-related
genes are thought to be central to
pathogenesis.'* Prolonged cellular
stimulation during tissue repair
associated with radiation-induced
ischemic changes may also have a

January / February 2024

role in the development of dis-
ease. Malignant transformation of
pre-existing primary benign lesions
after radiation therapy has also
been proposed.’*?

The risk of RAAS in BRCA 1/2
patients has also been evaluated.
Deficiencies in the DNA repair
mechanisms of these patients have
been hypothesized to increase ra-
diosensitivity and susceptibility to
carcinogenesis in surviving cells.*
Kadouri et al (2013) observed a high
frequency of BRCA 1/2 mutations
among patients diagnosed with
RAAS.' Nonetheless, while a two-
fold increased risk of RAAS among
BRCA 1/2 carriers was estimated,
given the rarity of the disease
this increased risk was not found
to be significant as compared to
patients without the mutation.*
BRCA 1/2 mutations should thus
not be considered in the decision
to pursue treatment with radiation
therapy, and they ought not to pre-
clude its use.’

The use of chemotherapy has not
been identified as a risk factor for
the diagnosis of RAAS. A systematic
review of radiation-associated sarco-
mas completed by Sheth et al (2012)
did not find any association between
the use of chemotherapy and the
development of the disease.™

Clinical Presentation

Radiation Latency

Huang and Mackillop (2001)
demonstrated that the risk of devel-
oping RAAS is increased within 10
years after radiation therapy, with
peak risk being between 5 and 10
years after radiation therapy.® Most
studies have reported a median
radiation latency, defined as the
interval between radiation thera-
py and the development of RAAS,
of approximately 7 years.*131217-19
Nonetheless, radiation latency may
vary greatly, with a range of 11
months to 24 years being reported.”
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Table 2. Summary of multimodal imaging findings of RAAS.

IMAGING MODALITY

Ultrasonography

SUMMARY OF IMAGING FINDINGS

present.

A hypoechoic, hyperechoic or heterogeneous mass
with or without posterior acoustic shadowing may be

IMPORTANT NOTES

Imaging findings are nonspecific.

Patients with the disease may or may not have imaging

findings on ultrasonography.

cutaneous nodules, and parenchymal masses as well as

associated findings of pectoralis muscle involvement or
lymphadenopathy may be observed.

Hyperintense skin thickening on T2 imaging may be
observed as well as hypointense, heterogenous, and
hyperintense lesions may also be identified.

Mammography Post-treatment changes following radiation therapy may Imaging findings are nonspecific.
be observed. Post-radiation therapy changes may obscure imaging
An ill-defined, non-calcified mass or focal asymmetry findings of the disease.
may be observed if the breast parenchyma is involved. Patients with the disease may or may not have imaging
findings on mammography.
MRI Skin thickening, nipple involvement, skin enhancement,  MRI is superior to ultrasonography and mammography in

the evaluation of RAAS.

28

Age at Presentation

RAAS generally presents in older
women. The median age at presen-
tation is 70 years, with a range of 36
to 92 years being reported.?

Clinical Features

The clinical presentation of
RAAS varies. RAAS most often af-
fects the dermis, though the disease
may also occasionally affect the
breast parenchyma.?® Skin changes
are often nonspecific and may
include discoloration, bruising,
nodularity, induration, thickening,
fibrosis, telangiectasia, and/or
bleeding of the skin. Discoloration
associated with RAAS is often
described as faint purple, blue, or
black or a bruise-like change in the
skin. *? A palpable lesion under-
lying skin changes may also be
present.’® While skin changes are
most often localized to the vicinity
of the previous surgical site or site
of radiation therapy, there may also
be diffuse involvement of the breast
or adjacent area.® Thorough clinical
assessment is imperative to avoid
the omission of satellite lesions,
which are oftentimes identified.”
Given the nonspecific nature of the
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clinical presentation of the disease,
diagnosis is often challenging, as
skin changes or lesions may be
easily mistaken for radiodermatitis,
trauma, or another cutaneous le-
sion.** Of the 21 patients observed
by Strobbe et al (1998), 6 patients
were reported to have delays in
appropriate diagnosis, which was
attributed to unfamiliarity with the
disease.® Documentation of skin
changes identified by clinicians or
by technologists during image ac-
quisition is thus integral to ensure
appropriate diagnosis.

Imaging Features

Imaging features of RAAS are
summarized in Table 2.

Mammography

Mammography findings of RAAS
are nonspecific. Often only post-treat-
ment changes after radiation therapy
may be seen mammographically,
including skin thickening, skin retrac-
tion, and architectural distortion
(Figure 1).>**?* These post-treatment
changes may obscure other mam-
mographic findings of the disease.?
If the breast parenchyma is involved,

an ill-defined, non-calcified mass or
focal asymmetry of the breast may be
observed (Figure 2).” Mammographic
imaging has also been reported to be
negative despite skin changes being
observed clinically.>%

Ultrasonography

Ultrasound may serve as a useful
initial screening modality at sites of
previous radiation therapy or previ-
ous tumor localization. Ultrasound
may also provide temporal compar-
ison if patients develop clinically
significant findings at the site of
previous radiation therapy, such as
skin nodularity or thickening.?

Ultrasound imaging findings of
RAAS are generally nonspecific.
Ultrasound may demonstrate a hy-
poechoic, hyperechoic, or heteroge-
neous mass with or without acoustic
shadowing. Color Doppler flow-
metry may be useful if enhanced
vascularity is observed (Figure
3).2% Of the 6 patients observed by
Chikarmane et al (2015), 3 patients
underwent ultrasound imaging,
which revealed skin thickening and
non-specific post-radiation therapy
skin changes and underlying
irregular masses.?
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Figure 1. (A) Baseline mediolateral oblique view mammogram of the left breast in a 65-year-old female with a prior history of invasive breast
cancer treated with partial mastectomy, sentinel lymph node biopsy, and radiation therapy demonstrated post-therapy changes (arrow). (B)
Two years later, mild skin thickening of the inferior breast was observed (arrow). (C) Three years later, the skin thickening was noted to have
substantially increased (arrow). (D) Histology revealed high-grade RAAS. Irregular sheets of oval and polygonal atypical cells showing numerous
mitoses lacking vascular channel formation were observed (arrows).
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Figure 2. An 82-year-old female with a previous history of left-sided invasive breast cancer Magnetic Resonance Imaging
managed with partial mastectomy, radiotherapy, and tamoxifen 10 years prior who presented with
a lump in the areolar region of the left breast. Mammographic craniocaudal (A) and mediolateral
oblique (B) views demonstrated a 2cm focal asymmetry. (C) Ultrasound of the retro-areolar region (MRI) may be utilized as a sur-
demonstrated an ill-defined mixed echogenicity mass with minimal internal vascularity. veillance modality in patients at

Magnetic resonance imaging

high risk for disease recurrence

or development of subsequent
disease after radiation therapy. The
non-specific findings on ultra-
sonography and potential false
negatives on mammography make
MRI an exceptionally valuable
imaging modality in the evaluation
of RAAS.’ Cutaneous findings, such
as skin thickening, skin enhance-
ment, and cutaneous nodules, may
be evaluated by MRI. MRI also
enables visualization of nipple
involvement, parenchymal masses,
pectoralis muscle involvement, and
lymphadenopathy (Figure 4). More-
over, MRI may assist in identifying
residual disease after excisional
biopsy and may also guide surgical
and treatment planning.*?

MRI findings of 16 patients with
RAAS were reported by Chikar-
mane et al (2015).2 All patients
demonstrated T2 hyperintense skin
thickening, while approximately
50% of patients were observed to
have discrete lesions with vary-
ing intensities and heterogeneity.
Four patients had a parenchymal
mass, of which all were likewise
identified on mammography and
3 were picked up on ultrasonog-
raphy. Fast initial and washout
delayed phase kinetics on contrast
enhanced T1 images of cutaneous
and intraparenchymal masses were
further investigated.”? Sanders et al
(2006) described the MRI findings
of two cases of angiosarcoma of
the breast.*® A nodule in the skin
adjacent to a lumpectomy scar
with fast initial and plateau delayed
phase kinetics was observed in 1
patient while cutaneous enhance-
ment at the lumpectomy scar
with fast initial and delayed phase
washout kinetics was observed in

another patient.®
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Figure 3. A 57-year-old female with previous history of left-sided breast cancer treated with breast conserving surgery and radiation therapy 9
years prior who presented with skin thickening and discoloration of the left breast. Ultrasound images of the left breast at the 12 o’clock position
demonstrated a circumscribed heterogenous, hypoechoic mass with minimally irregular margins (A) and positive color Doppler flow (B).

Differential Diagnosis

Radiologists must be aware that
RAAS should be included in the
differential diagnosis for any skin
changes or parenchymal mass
in the setting of prior radiation
therapy. Decreased prominence
of skin thickening and breast den-
sity within 2 years after radiation
therapy have been reported to be
in keeping with the natural course
of breast changes following breast
conserving surgery and radiation
therapy.?*'* Radiologists should be
aware of the possibility of recurrent
breast carcinoma, inflammatory
breast cancer, or mastitis in any
patient where an increase in skin
thickening or breast density is
present years after decreased prom-
inence of these findings. When
such findings are accompanied
by associated skin discoloration,
breast edema, raised skin nodules,
papules and/or vesicles, RAAS must
be considered in the differential
diagnosis.??*** Observable skin
changes or parenchymal masses
in a quadrant of the breast distinct
from the patient’s initial tumour
site may further suggest a diag-
nosis of RAAS.?
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RAAS ought to also be differen-
tiated from angiosarcoma asso-
ciated with chronic lymphedema
(also known as Stewart-Treves
syndrome). While RAAS occurs in
the ipsilateral breast or chest wall
thereafter radiation therapy, angio-
sarcoma associated with chronic
lymphedema occurs in the ipsilat-
eral lymphedematous extremity
after radical mastectomy for the
treatment of breast cancer.>*

Diagnosing RAAS
Process

Similar to other neoplasms,
diagnosis of RAAS is guided by
history and physical examination
of the patient, which catalyze
appropriate imaging and subse-
quent histologic confirmation of
the disease by tissue diagnosis. For
tumors which have a propensity
for cutaneous involvement, such as
RAAS, skin biopsy may be sufficient
for diagnosis though deeper lesions
require other techniques.* Though
fine needle aspiration (FNA) may
identify RAAS, core needle biopsy
is preferred because of the risk of
false negative results secondary
to potential inadequate sample

volume for appropriate histologic
or immunohistochemical evalua-
tion. Of the patients evaluated by
Marchal et al (1999), FNA was found
to be rarely conclusive.” As such,

a negative FNA is insufficient to
rule out a diagnosis of RAAS in the
setting of clinical suspicion for the
disease. Should the results of FNA
be negative and clinical suspicion
for the disease be maintained, core
needle biopsy is recommended

to obtain an appropriate tissue
diagnosis.®*38

Pathologic and Histologic Features

Tumors may vary significantly in
size, with most averaging between
5to 7 cm. They may be either
circumscribed or have infiltrating
borders. Areas of hemorrhage may
be present. Multifocality is com-
mon at the time of presentation and
patients may present with extensive
involvement of the breast.*

The histologic features of RAAS
are similar to those of primary
angiosarcoma of the breast.®
However, while nuclear grade
usually corresponds to differenti-
ation in primary angiosarcoma of
the breast, RAAS generally exhibits
poorly differentiated nuclei with
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Figure 4. A 79-year-old female with a history of right-sided breast cancer treated with breast conserving surgery, axillary lymph node dissection,
and radiation therapy 8 years prior who presented with a painful lump as well as dimpling and contour deformity of the right breast adjacent to
the nipple. Mammographic craniocaudal (A) and mediolateral oblique (B) views demonstrated diffuse skin thickening, architectural distortion,
and nipple retraction. Ultrasound image (C) demonstrated thickened edematous retroareolar tissue with no distinct mass. Axial T1 (D), T2

fat sat (E), T1 fat sat post-gadolinium subtraction (F), and angiomap (G) MRI images confirmed marked enlargement of the right nipple with
edematous patchy involvement and abnormal enhancement extending to the upper outer quadrant of the right breast to the level of the prior
surgical scar. Axial CT image (H) demonstrated the right breast being enlarged with increased density in the central breast deep to the nipple with
enhancement.
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Table 3. Histologic differential diagnosis of RAAS by tumor grade.

TUMOR GRADE HISTOLOGIC DIFFERENTIAL DIAGNOSIS

High grade Spindle cell carcinoma
Acantholytic variants of squamous cell carcinoma

Metaplastic carcinoma

Low grade and intermediate grade Benign vascular proliferations (hemangiomas, atypical vascular lesions)

Nonvascular stromal lesions (pseudoangiomatous stromal hyperplasia, benign papillary
endothelial hyperplasia (ie, Masson tumor*)

*Well-known mimic of low-grade angiosarcom

Figure 5. An 84-year-old-female with a history of RAAS treated
with mastectomy who experienced recurrence 6 years later
that was treated with wide local excision presenting with pain
and red discoloration at the lateral and superior portion of

the surgical scar. Axial contrast-enhanced CT of the chest (A)
demonstrated a rim-enhancing fluid collection and soft-tissue
lesion inseparable from the ribs with adjacent irregular skin
thickening. T2 MRI image (B) demonstrated hyperintense

skin thickening and an 8 mm nodule within the anterior fluid
component with no extension into the intrathoracic cavity.
18F-FDG PET image (C) demonstrated mild activity compatible
with a fluid collection. The skin thickening was demonstrated
to be markedly FDG-avid, compatible with malignancy.

vesicular chromatin, prominent
nucleoli, and mitotic activity, and
it is usually associated with high
grade lesions.™

Table 3 summarizes the his-
tologic differential diagnosis of
RAAS by tumor grade.™ There is a
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lack of consensus with respect to
the risk of developing angiosarco-
ma after the diagnosis of atypical
vascular lesions.'**"* While some
reports suggest these lesions to be
benign, others have documented
either subsequent progression

to angiosarcoma or the pres-
ence of angiosarcoma within the

same region.'**

Diagnosis of RAAS is confirmed
by means of immunohistochem-
istry staining with the following
being expressed: erythroblast
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the setting of prior radiation therapy.

of the disease.

is recommended for diagnosis.

Box 2. Clinical practice points for radiologists.

1. RAAS must be included in the differential diagnosis for any skin changes or breast parenchymal mass that is observed in

2. Imaging findings are often nonspecific, with MRI being superior to ultrasonography and mammography in the identification

3. A negative FNA is insufficient to rule out a diagnosis of RAAS if there is clinical suspicion of the disease. Core needle biopsy

transformation specific related
gene (transcription factor that
confirms vascular lineage), cluster
of differentiation 31 (platelet en-
dothelial cell adhesion molecule),
cluster of differentiation 34 (human
hematopoietic progenitor cell an-
tigen), factor VIII related antigen,
Myc protein, and tyrosine kinase
receptor KIT (cluster of differentia-
tion 117).20,24,42,43

Staging

Upon diagnosis of RAAS,; staging
with positron emission tomogra-
phy (PET) with fluorodeoxyglucose
(18F-FDG) may be completed
(Figure 5). Lesions with high max-
imum standardized uptake values
(SUV__) have been associated with
poor prognosis.*

The contralateral breast, chest
wall, lungs, liver, and skeleton are
frequent sites of metastases.>2%
Metastatic disease may be preceded
by one or more instances of
local recurrence.?

Conclusion

RAAS is a rare but important
complication of radiation therapy.
With the increased use of breast
conserving surgery and radiation
therapy in the management of
breast cancer, greater awareness
and understanding of the disease is
required. The clinical presentation
of RAAS is variable and appropri-
ate diagnosis is often challenging
as skin changes or lesions may be
easily mistaken for other entities.
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Ultrasound may serve as an initial
screening modality for the disease
but ultrasound findings are nonspe-
cific. Mammographic findings of
the disease are likewise nonspecific
and may be obscured by expect-

ed post-treatment changes after
radiation therapy. MRI is superior
to ultrasonography and mammog-
raphy in the evaluation of RAAS.
Radiologists must be aware of the
disease and its inclusion in the
differential diagnosis for any skin
changes or breast parenchymal
mass that is observed in the setting
of prior radiation therapy.
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Somatostatin Receptor PET Imaging of
Physiologic and Benign Processes:
Implications for Image Interpretation,

Avoiding Pitfalls, and Clinical Applications

William Y. Raynor, MD; Jeffrey S. Kempf, MD

Abstract

imaging as well as potential future applications of this modality.

tion and new potential applications in assessing inflammatory disorders.

Keywords: Gallium-68, Copper-64, Biodistribution, Uncinate process, Splenule

Purpose: Somatostatin receptors (SSTR) are expressed by neuroendocrine cells in various organs, including in the
spleen, thyroid gland, pituitary gland, and adrenal glands. Neuroendocrine tumors (NETs), which often demonstrate
high levels of SSTR2, can be detected by positron emission tomography (PET) imaging with somatostatin analogs
labeled with either 68Ga or 64Cu. The most common of these analogues (DOTATATE, DOTATOC, and DOTANOC) bind
to SSTR2, with affinity to additional SSTR isoforms variable among the three tracers. Tracer activity due to benign
processes and variations in normal tissue SSTR expression has implications for both the interpretation of SSTR PET

Methods: PubMed was searched separately using “DOTATATE,” “DOTATQOC,” and “DOTANOC” as keywords, and re-
sults pertaining to neoplasms such as NET, pheochromocytoma, paraganglioma, and meningioma were excluded.

Results: Relevant original articles, case reports, and review articles were grouped between physiologic and benign
observations regarding SSTR PET. A comprehensive review of the literature provided insights into image interpreta-

Conclusions: Variations in splenic and pancreatic tissue can cause diagnostic uncertainty and potential misinterpre-
tation. Preliminary data suggest a role for SSTR PET to characterize atherosclerosis and sarcoidosis.

binding to somatostatin receptors

Introduction (SSTR), which are expressed on the
A neuropeptide first described in surface of neuroendocrine cells.
1973,! somatostatin generally serves The five isoforms of SSTR, iden-
to inhibit the release of other hor- tified as SSTR1-5, have different
mones such as growth hormone, patterns of expression depending
insulin, and prolactin in addition on anatomic location. For exam-
to its role as a neurotransmitter.? ple, SSTR2 is highly expressed in
Somatostatin exerts its effects by the spleen,® SSTR1 and SSTR2 are

expressed in the thyroid gland,*
while varying levels of SSTR1-5 are
expressed by the pancreas.®
Because most neuroendocrine
tumors (NETs) contain high levels
of SSTR2, scintigraphy with the so-
matostatin analogue 'In-DTPA-oc-
treotide, which binds to SSTR2 with
high affinity as well as to SSTR3 and

Affiliation: Department of Radiology, Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ.
Disclosures: The authors declare no conflicts of interest.
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SSTR5 to a lesser degree,® has been
successfully employed for imaging
of NETs since the first clinical trials
in 1992.7 Recently, positron-emit-
ting SSTR radiotracers labeled

with ®Ga or **Cu and imaged with
positron emission tomography/
computed tomography (PET/CT)
were able to achieve superior image
quality with lower patient radiation
exposure given their higher affinity
to SSTR2 and shorter radionuclide
half-lives compared to In-DT-
PA-octreotide.® Of the PET tracers
commonly used, DOTATATE binds
to SSTR2 with high specificity; DO-
TATOC, SSTR2 and SSTR5; DOTA-
NOC, SSTR2, SSTR3, and SSTR5.?
When labeled with the beta-emit-
ting "’Lu, DOTATATE can actas a
theranostic agent for the treatment
of well-differentiated NETSs by
exposing tumor cells to reactive ox-
ygen species, resulting in oxidative
damage and cell death.?

Given the variable expression of
SSTR in normal tissues, physiologic
uptake can occasionally mimic pa-
thology. Alternatively, SSTR activity
associated with benign disorders
could lead to new indications for
SSTR PET imaging in patients with-
out known or suspected NET.

In this article, we review the
sources of potential false positive
findings and discuss new potential
non-neoplastic indications for PET/
CT imaging with radiolabeled DO-
TATATE, DOTATOC, and DOTANOC.

Methods

Aliterature search of publications
between January 1, 1980, and August
31, 2023, was performed using
PubMed. The SSTR PET tracers in
clinical use “DOTATATE,” “DOTA-
TOC,” and “DOTANOC” were used
separately as keywords, and results
pertaining to neoplastic etiologies,
including NET, pheochromocytoma,
paraganglioma, and meningioma,
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were excluded. References contained
within the selected articles also re-
ceived consideration. No restrictions
were applied regarding sample size,
study design, or outcome measures.
Editorials, commentaries, and letters
were excluded, as well as pre-clinical
studies and those which fell outside
of the scope defined by physiologic
and benign causes of increased
SSTR activity.

Finally, a comprehensive
review was created, focusing on
false-positive considerations during
image interpretation and the
potential for imaging of inflamma-
tion with SSTR PET.

Results

Physiologic Uptake and Pitfalls

The highest physiologic uptake of
%Ga-DOTATATE is generally in the
spleen (Figure 1), where increased
SSTR2 expression has been found
specifically in the red pulp.! Uptake
levels in the adrenal glands, pituitary
gland, and kidneys demonstrate high
intensity, with activity in the kidneys
and urinary tract being nonspecific
for SSTR expression given the
presence of renal excretion.

%Ga-DOTATATE localization to the
salivary glands, thyroid, and liver is
moderate, with nonspecificity of
hepatic activity similarly due to
excretion.! Similar patterns of
intense splenic activity followed by
prominent renal and hepatic activity
are present in PET/CT images
obtained with ®Ga-DOTATOC and
%Ga-DOTANOC.'*™* Although labeling
SSTR tracers with either ®Ga or “Cu
does not affect their biodistribution,
the improvement in spatial resolution
resulting from the lower positron
range of %Cu suggests that *Cu-la-
beled agents may achieve wider
clinical use in the future.!>¢

In a study of 120 patients by Boy
et al, the authors observed signifi-
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Figure 1. 8Ga-DOTATATE PET/CT maximum intensity
projection (MIP) demonstrating normal tracer
biodistribution.

™
il
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cantly higher ®Ga-DOTATOC uptake
in the uncinate process of the
pancreas compared to that in the
pancreatic head, body, and tail.*
This common finding among all
SSTR PET agents has been de-
scribed as a classic pitfall,’” which
is often more diffuse and less in-
tense compared to the well-defined
focal uptake associated with NETs
in this region (Figure 2).!* Lakho-
tia et al considered 775 patients
imaged with ™In-DTPA-octreotide,
$5Ga-DOTATATE, %Ga-DOTATOC,
and **Ga-DOTANOC from eight stud-
ies and found increased physiologic
uptake in the pancreatic head and
uncinate process in 229 patients
(29.5%).2%26 Similarly, Tabacchi et
al found increased ®*Ga-DOTANOC
uptake at the uncinate process in
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Figure 2. Physiologic uptake of 8Ga-DOTATATE in the uncinate process (arrows) of the pancreas with maximum SUV 5.5 as demonstrated on
axial PET (A), CT (B), and fused PET/CT images (C). In the same patient, well-differentiated neuroendocrine tumor is present in the duodenal bulb
(arrowheads, D-F), with much higher focal uptake by comparison (maximum SUV 30.8).

38

77 out of 172 patients considered
(44.8%).” The uncinate process

in particular has been found to
contain an increased numbers of
pancreatic polypeptide cells, which
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highly express SSTR.” Brabander et
al observed that increased *!In-DT-
PA-octreotide localization to the un-
cinate process was more common
in patients with diabetes mellitus,

which is associated with increased
serum pancreatic polypeptide,
further supporting pancreatic poly-
peptide cell hyperplasia as a possi-
ble mechanism to explain uncinate
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Figure 3. Axial ®8Ga-DOTATATE PET (A), CT (B), and fused PET/CT (C) images showing mildly increased tracer uptake (maximum SUV 5.5) regional
to the pancreatic tail (arrows). Stable regional tracer activity 16 months later (arrowheads, D-F), maximum SUV 6.4, suggests a benign etiology

such as islet cell hyperplasia.

process activity.” Although Kroiss
et al report successfully using stan-
dardized uptake values (SUVs) to
differentiate physiologic and patho-
logic uptake,® Krascz found that
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even in patients with suspiciously
high SUVs in the uncinate process,
correlative imaging with CT and
MRI often reveals no underlying le-
sion to suggest presence of tumor.?

P —

Thus, cautious image interpretation
taking into account this potential
pitfall and consideration of addi-
tional evaluation with contrast-en-
hanced CT or MRI are necessary for
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Figure 4. Focal uptake regional to the pancreatic tail (arrows) on

axial ®Ga-DOTATATE PET (A), CT (B), and fused PET/CT images (C).
Subsequent evaluation with MRI shows a nodule within the pancreatic
tail (arrowheads) which consistently matches splenic signal, including
on in-phase (D), out-of-phase (E), precontrast water-only (F), and
postcontrast water-only (G) volume acceleration-flexible images,
confirming the diagnosis of an intrapancreatic accessory spleen.
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accurate interpretation of pancreat-
ic uptake in SSTR PET.

Although SSTR radiotracers are
not known to localize to the pan-
creatic tail to the same degree as
the uncinate process, variability in
this region could similarly lead to
diagnostic uncertainty. Focal islet
cell hyperplasia has been reported
as a possible mechanism causing
increased SSTR expression in the
pancreatic tail in patients with high
physiologic activity (Figure 3).” A
study in 35 patients by Delbeke et al
found that physiologic uptake with-
in the pancreatic tail is typically
equal or less than that of the liver.”
Therefore, quantification with
SUVs, as well as correlation with
CT or MRI, could play a role in dis-
criminating normal and malignant
activity in the pancreatic tail.

Related to the intense physiologic
uptake demonstrated by the spleen,
accessory spleen SSTR activity is
similarly high, which can acquire an
appearance suspicious for NET in-
volvement, especially if intrapancre-
atic (Figure 4).*%? Splenosis, often
occurring after trauma or splenec-
tomy, represents another atypical
splenic tissue distribution that can
resemble malignant activity.* By as-
sessing whether *™Tc-labeled sulfur
colloid or heat-denatured red blood
cell scintigraphy is able to confirm
the presence of splenic tissue rather
than tumor, misdiagnosis and sub-
sequent high-risk intervention are
potentially avoidable.*

Imaging of Inflammation

White blood cells such as macro-
phages are known to express SSTR2,
resulting in low grade uptake associ-
ated with inflammation. As a result,
a variety of inflammatory conditions
imaged by SSTR PET/CT have been
reported in the literature, including
endometriosis, large vessel vasculi-
tis, idiopathic pulmonary fibrosis,
and pulmonary tuberculosis.**
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SSTR PET has shown prelimi-
nary success in assessing systemic
sarcoidosis. ®*Ga-DOTATOC PET/CT
was compared to Ga scintigraphy
in a study of 20 sarcoidosis pa-
tients by Nobashi et al, who noted
%Ga-DOTATOC-positive lesions in
19 patients and “’Ga-positive lesions
in 17 patients.* These results not
only indicate that SSTR PET is a fea-
sible method of assessing sarcoid-
osis-related inflammation, but also
that its performance may be similar
or better than that of “’Ga, which is
an established marker of infection
and inflammation.

A study which corroborates this
finding used ®Ga-DOTANOC PET/
CT in 39 patients and observed
a sensitivity of 93% and a spec-
ificity of 83% in the diagnosis
of sarcoidosis, associated with
decreased activity after treatment
with symptomatic improvement.*
The described correlation between
imaging and clinical improvement
thus provides convergent validity
for this approach.

A case report showing focal
intracranial ®*Ga-DOTATATE in the
cavernous sinus of a symptomatic
patient suggests a role for SSTR
PET/CT in neurosarcoidosis, which
was confirmed via biopsy.” In
addition to new potential clinical
indications for imaging, these
early observations also indicate
that presence of sarcoidosis could
complicate image interpretation in
patients undergoing assessment for
SSTR-positive neoplasm.

In light of the growing role of
F-fluorodeoxyglucose (FDG) PET/
CT in cardiac sarcoidosis, experi-
ences using SSTR PET/CT for the
same indication have started to ap-
pear.*** A 2016 study by Gormsen
et al compared PET/CT with ¥F-FDG
and ®Ga-DOTANOC in a prospec-
tive analysis of 19 patients with
suspected cardiac sarcoidosis.* The
authors found that while *F-FDG

findings were inconclusive in 11 pa-
tients, there were no inconclusive
%Ga-DOTANOC studies. The overall
diagnostic accuracy of *F-FDG for
cardiac sarcoidosis was reported as
79%, compared to an overall accu-
racy of 100% for %Ga-DOTANOC in
this small cohort.

A more recent study published in
2021 by Bravo et al showed that in
13 subjects with suspected cardi-
ac sarcoidosis, all of whom had
positive ¥F-FDG findings, only 7
subjects showed definite or prob-
able abnormal cardiac uptake of
Ga-DOTATATE.*® However, there
was 100% concordance between
BF-FDG and “*Ga-DOTATATE in pos-
itive thoracic nodal involvement,
suggesting that the role of SSTR PET
in cardiac sarcoidosis is less clear
compared to the stronger evidence
supporting its use in systemic
manifestations.

Atherosclerotic disease has also
been shown to correlate with SSTR
tracer activity due to the presence of
macrophages, potentially allowing
for the early identification of vul-
nerable plaques in patients with risk
factors.®>%2 By focusing on symp-
tomatic carotid artery plaques in 10
patients planning to undergo carotid
endarterectomy, Pedersen et al
found that uptake of **Cu-DOTATATE
was higher in symptomatic plaques
compared to the contralateral side.*®
After analyzing gene expression in
the plaque specimens, the inves-
tigators found that tracer activity
was correlated with the presence of
alternatively activated macrophages.

The advantage of using ®Ga-DO-
TATATE rather than **F-FDG for
atherosclerosis imaging was
illustrated in a study that showed
feasible coronary artery disease as-
sessment in all 42 patients assessed
with ®Ga-DOTATATE, which was
not possible with ®F-FDG in most
cases due to high adjacent myocar-
dial activity.** SSTR PET has also
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shown decreased inflammation in
atheromatous plaques in response

to medical intervention. Specifically,
22 subjects with type 2 diabetes were
imaged with ®Ga-DOTATATE PET/CT
before and 3 months after initiating
atorvastatin therapy, with a resulting
31% decrease in target-to-back-
ground ratio.> Similarly, “Cu-DO-
TATATE coronary uptake was found
to decrease after 26 weeks of liraglu-
tide therapy in 30 patients with type 2
diabetes.* Therefore, SSTR PET could
help guide clinical decision making
by identifying severity of disease and
assessing efficacy of treatment.

Discussion

SSTR PET is currently being
performed clinically for the primary
purposes of staging and following
NETs. Although the uptake mecha-
nism of SSTR tracers is more specific
than that of ¥F-FDG, many nontumor
sources of uptake are still present. Fa-
miliarity with normal tissues which
naturally express SSTR and common
variations such as elevated uptake in
the pancreatic uncinate process is
necessary to avoid interpretive error.
Normal splenic anatomy would be
unlikely to confuse a reader, but the
presence of an accessory spleen in
an ambiguous or deceptive location
could result in a diagnostic dilemma,
warranting identification of splenic
tissue with scintigraphic techniques
or correlation with additional an-
atomic imaging.

Splenosis would be of particular
concern in patients having un-
dergone resection of NET, which
is sometimes accompanied by
splenectomy in cases with pancre-
atic involvement. Subtle morpho-
logical signs of splenosis such as the
presence of smooth, round nodules
combined with knowledge of the
patient’s treatment course may alert
the reader to the possibility of sple-
nosis rather than more concerning
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pathology such as peritoneal metas-
tasis, additional testing would often
be necessary given the lack of speci-
ficity of SSTR PET in such cases.

Similar to physiologic phenom-
ena, benign and inflammatory
disorders can hinder accurate inter-
pretation if alternative explanations
are not considered. For example,

a focal ®®Ga-DOTATATE-avid lesion
in the cavernous sinus may appear
classic for meningioma, but in rare
instances this may instead represent
neurosarcoidosis. SSTR-positive me-
diastinal or hilar lymph nodes may
represent either nodal metastases or
reactive, infectious, or inflammatory
lymph nodes depending on expo-
sures and co-morbidities.

Although the distinctive vascular
pattern and low-level uptake asso-
ciated with atherosclerosis would
be unlikely to pose a diagnostic
challenge, the strong association
between SSTR activity and presence
of activated macrophages in athero-
sclerotic plaques suggests a possible
role in directing therapy.

Conclusion

SSTR PET imaging has quickly
revolutionized diagnosis, treatment,
and surveillance of NETs and other
SSTR-expressing tumors. A nuanced
understanding of tracer behavior
is necessary for precise image inter-
pretation and optimal utilization.
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Vasculitis in the Emergency Room: The Pivotal Role
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Abstract

Vasculitis encompasses a range of conditions characterized by blood vessel inflammation with diverse clini-

cal presentations. Classified by vessel size, vasculitis includes large-vessel vasculitis such as giant cell arteritis,
medium-vessel vasculitis like Kawasaki disease, and small-vessel vasculitis like granulomatosis with polyangiitis.
Misdiagnaosis can have severe consequences such as heart attack and stroke. While biopsy remains the diagnostic
gold standard, imaging plays a crucial role given the challenge of tissue sampling. Imaging findings combined with
clinical evidence are essential for accurate diagnosis and treatment. This article explores various vasculitis types
and their clinical and imaging findings in emergency settings.

Keywords: Vasculitis, Large vessel vasculitides, Giant cell arteritis, Takayasu Arteritis, Kawasaki Disease, Granulo-
matosis with polyangiitis

Vasculitis, encompassing a broad
spectrum of disorders, is a bea-
con of medical intrigue, primarily
characterized by inflammation
within the vessels that nourish our
organs ' Vasculitis can be primary or
secondary, depending on etiolo-
gy. According to the 2012 revised
Chapel Hill Consensus Conference
Nomenclature of Vasculitides, it is
intricately categorized by the size of
the involved vessels into large-vessel
vasculitis (eg, giant cell arteritis,
Takayasu arteritis), medium-vessel

vasculitis (eg, Kawasaki disease,
polyarteritis nodosa), or small-vessel
vasculitis (eg, granulomatosis with
Polyangiitis, microscopic polyangii-
tis, eosinophilic granulomatosis
with polyangiitis, Henoch-Schonlein
purpura, systemic lupus erythema-
tosus, rheumatoid vasculitis, Behget
syndrome) (Figure 1).2% This classifi-
cation framework is instrumental in
comprehensively characterizing the
diverse imaging manifestations of
vasculitis, thus facilitating accurate
diagnosis and timely management.

For many vasculitis patients, their
initial presentation occurs in the
emergency department. Misdiagno-
sis and delays in achieving diagnosis
can lead to a risk of heightened
mortality and morbidities such as
myocardial infarction, stroke, mes-
enteric ischemia, or ruptured aneu-
rysms. The clinical presentation of
vasculitis often exhibits similarities
to other medical conditions, which
can contribute to misdiagnosis
(Table 1). The differential diagnosis
must consider the possibility of
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Figure 1. Flowchart of vasculitis classification.
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with Polyangiitis
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Table 1. Common clinical and laboratory presentation of various vasculitides.

VASCULITIS

CLINICAL FINDINGS LABORATORY FINDINGS

Giant Cell Young or middle-aged, especially Asian and female Elevated ESR/CRP
Claudication of upper extremities with absent pulses
Takayasu Above 50 years of age Elevated ESR/CRP

New headaches with visual disturbances
Symptoms of polymyalgia rheumatica
Jaw claudication

Polyarteritis Nodosa Renal failure Elevated ESR/CRP
Gastrointestinal bleeding, nausea Perinuclear-ANCA
Neuropathy and skin lesions Positive Hepatitis B serology
Kawasaki Conjunctivitis (90%) Elevated ESR/CRP
Shock syndrome Leukocytosis

Rash with Polyarthritis
Edema and erythema of extremities

Granulomatosis with Polyangitis

Oral, nasal, and sinus inflammation
Hemoptysis, chest pain, and stridor
Renal failure with hematuria
Scleritis, uveitis, conjunctivitis

Positive C-ANCA / Anti-PR-3 (85-90% sensitivity)

Microscopic Polyangitis Pulmonary hemorrhage Positive P-ANCA/ Anti-MPO (35-70% sensitivity)
Renal failure
Skin lesions

Eosinophilic Granulomatosis with Late-onset Asthma 10% Eosinophilia

Polyangiitis Sinusitis P-ANCA/ Anti-MPO positive (35-70% sensitivity)
Neuropathy

Henoch-Schonlein purpura Children 3-10 years Elevated serum IgA levels in 50 to 70%

Skin rash, arthritis, hematuria, and abdominal pain
with bleeding

Systemic Lupus Erythematosus

Malar rash, discoid rash, photosensitivity, oral ulcers  Positive ANA (100% sensitivity)
arthritis, serositis, and renal failure, neurologic Positive Anti-Smith and Anti-DNA

ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein; ANCA, Antineutrophilic cytoplasmic antibody; MPO, Myeloperoxidase.

January / February 2024

Supplement to Applied Radiology

45




LEADERS ON THE HORIZON Vasculitis in the Emergency Room: The Pivotal Role of Imaging in Diagnosis and Management

Figure 2. An adult patient with left arm claudication and chest pain. Angiogram of the aortic arch (A) shows focal stenosis of the left subclavian
artery (white arrow). A sagittal reformatted chest CTA image (B) in another patient with chest pain shows multiple pseudoaneurysms of the
descending thoracic aorta (white arrowheads). Pathology confirmed giant cell arteritis in both patients. An axial CT image of the neck (C) in a
different patient presenting with tender right neck swelling displays hypoattenuating mural thickening of the right common carotid artery (white
arrowhead), accompanied by surrounding soft tissue stranding. Corresponding increased metabolic activity is evident in the axial PET/CT image
(D). Subsequent confirmation revealed giant cell arteritis in this patient as well.
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Figure 3. An adult with
dizziness and stroke
symptoms. Coronal head
MRA (A) shows complete
occlusion of distal cervical
and intracranial left
internal carotid artery
(white arrowhead).
Coronal neck MRA (B)
demonstrates multifocal
stenoses involving the
right brachiocephalic
artery origin (thick black
arrow), the left common
carotid artery origin (black
arrowhead), the proximal
left subclavian artery
(curved black arrow), and
the left vertebral artery
origin (thin black arrow).
Pathology confirmed
Takayasu arteritis.

infections, coagulopathies, and drug
toxicities.>* Although biopsy is the
gold standard of diagnosis, tissue
sampling can be challenging, and
biopsy may be negative in up to 42%
of cases.® In this intricate maze,
radiologists emerge as invaluable
navigators, leveraging imaging to
elucidate the causes of vasculitis.
In addition, it is essential to image
these patients before initiation of
therapy, since the sensitivity of
imaging notably decreases a few
days after the initiation of cortico-
steroid therapy.®

A multidisciplinary approach
that harnesses radiological and
clinical evidence is essential to
enhance diagnostic accuracy,
assess disease extent, and enable
better treatment selection and
monitoring. ’ This article endeavors
to traverse the intricate nature of
vasculitis, spotlighting the conflu-
ence of clinical presentations and
imaging findings, especially in the
emergency department.

Large-vessel Vasculitis
Giant Cell Arteritis

Giant cell arteritis (GCA) is an au-
toimmune chronic granulomatous
inflammation of the large vessels
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that stands as the most common
inflammatory vasculitides.® It often
occurs in people over 50 years of
age, with a predilection for those
of northern European descent.”
The primary pathology in GCA is
transmural inflammation of the
vessels, causing luminal occlusion,
aneurysm formation, dissection,
hemorrhage, and rupture 7, most
commonly involving the carotid
arteries and, rarely, the central
pulmonary arteries.’ Key clinical
presentations in the emergency
setting that should trigger a height-
ened index of suspicion for GCA
include the main clinical features
outlined in the 2022 American Col-
lege of Rheumatology
(ACR)-European Alliance of
Associations for Rheumatology
(EULAR) Classification Criteria
such as sudden monocular visual
disturbances, new onset headache,
jaw claudication, limb claudication,
asymmetric blood pressure, or
vascular bruits.®112 Polymyalgia
rheumatica is the most common
extracranial manifestation in GCA,
seen in 45-50% of patients who clas-
sically present with severe pain and
stiffness of the shoulders, neck, and
less frequently the pelvic girdle.>®
Suspicious clinical presentation
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and elevated inflammatory markers
should prompt a thorough diagnos-
tic workup for GCA.

Doppler ultrasound (US) of the
temporal artery reveals noncom-
pressible hypoechoic circumferential
vessel wall thickening, known as the
“Halo sign.” Computed tomography
angiography (CTA) and magnetic
resonance angiography (MRA) assess
large-vessel involvement, demonstrat-
ing vessel wall thickening, arterial
stenosis, aneurysms, or dissections
(Figure 2). Delayed CTA images can
help delineate vessel wall enhance-
ment whereas noncontrast images
differentiate true wall thickening
from intramural hematoma, seen in
acute aortic syndrome.® In addition,
magnetic resonance imaging (MRI)
can accurately assess large-vessel
involvement as an increased signal
on fat-suppressed T2 images and late
enhancement in delayed post-contrast
imaging. Cardiac MRI and echocar-
diography can also assess valvular
involvement, most commonly aortic
insufficiency, coronary artery disease
or, less commonly, myocarditis and
pericarditis.”* Steady-state free
precession (SSFP) cine sequence in
cardiac MRI helps to assess the cardi-
ac function and valvular involvement
while delayed enhancement images
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Figure 4. Axial coronary CTA

in a child with chest pain (A)
shows a 9 mm coronary artery
aneurysm (white arrowhead)

at the bifurcation of the left
anterior descending and
circumflex coronary arteries
with no thrombosis or stenosis.
A coronary angiogram of the left
main coronary artery in another
child presenting with chest pain
(B) shows a saccular aneurysm
at the left main coronary

artery bifurcation and fusiform
aneurysm of the proximal left
anterior descending artery
(white arrows). Both cases were
diagnosed as Kawasaki disease.

a8

accurately depict fibrosis and inflam-
mation.” Temporal artery biopsy is the
standard but invasive diagnostic test. !

Takayasu Arteritis

Takayasu arteritis (TAK) is a rare
granulomatous large-vessel vasculitis
affecting 1.11 per million people year-
ly. It commonly affects those younger
than 50 years old, distinguishing it
from GCA.*" TAK tends to cause
panarterial inflammation, leading to
luminal narrowing and occlusion,’
and can present with various clinical
manifestations depending on the
affected vessels, similarly to GCA.*

Early-stage TAK may present with
nonspecific symptoms; as result, it
is often misdiagnosed, emphasizing
the importance of a high clinical
suspicion index and comprehensive
imaging studies. Alarming clinical
presentation in the emergency
department for TAK includes one of
the key clinical features in the 2022
ACR-EULAR Classification Criteria
such as angina, claudication, vascular
bruit or systolic blood pressure differ-
ence in arms > 20 mm Hg."?

Noninvasive imaging modalities
are the current standard for diagnos-
ing and assessing disease extent. Ul-
trasound demonstrates intima-me-
dia thickness greater than 1mm and
vascular stenosis in TAK involving
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the carotid and subclavian arteries.
However, ultrasound is limited in
assessing the aorta or major aortic
branches, those most commonly
involved in TAK.' CTA and MRA are
the diagnostic imaging modalities
primarily used to diagnose wall
thickening (low attenuation ring in
delayed phase) and luminal stenosis
(Figure 3).1 Using the fat-suppressed
black-blood technique during
contrast-enhanced MRI scans
enables the identification of early
inflammatory vascular changes such
as mural thickening, potentially
revealing reversible stages, even
before there is an appreciable wall
thickening.®®® Like GCA, cardiac
MRI and echocardiography can
assess cardiac involvement.” PET/CT
can help determine disease activity.
Conventional angiography used to
be the gold standard for evaluating
affected vessels; however, it is inva-
sive and cannot assess vascular wall
involvement, which occurs earlier in
the disease pathogenesis.!>*

Medium-vessel Vasculitis
Kawasaki Vasculitis

Kawasaki disease (KD) is a
pediatric, medium-vessel vasculitis
prevalent in children under five
years old. The incidence of KD is

Vasculitis in the Emergency Room: The Pivotal Role of Imaging in Diagnosis and Management

notably higher in Japan, with 265
cases per 100,000, in contrast to

the 20-25 cases per 100,000 in the
United States.”'**" Kawasaki disease
is believed to stem from abnormal
immune responses. The classic pre-
sentation includes fever persisting
for at least five days and the pres-
ence of at least four of the following
criteria: bilateral nonexudative con-
junctivitis, oropharyngeal mucosal
changes, erythema and desqua-
mation of hands and feet, non-ve-
sicular truncal rash, and cervical
lymphadenopathy.”*

Kawasaki disease is a major
contributor to acquired pediatric
cardiovascular diseases, with the
most common complication being
coronary artery aneurysm, occurring
in 15-25% of untreated cases and
posing a potential risk of thrombosis
and myocardial infarction.”* Addi-
tional possible complications include
pericarditis, myocarditis, valvular
regurgitation, and aneurysmal for-
mation in noncoronary arteries.

Echocardiography is the preferred
diagnostic modality to detect coro-
nary aneurysms, owing to its ability
to reveal accular or fusiform arterial
dilatation. In chronic phases, echo-
cardiography depicts mural throm-
bosis of the aneurysm as hypere-
chogenicity and luminal stenosis."”
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Figure 5. Elderly patient with
abdominal pain. Coronal (A)
noncontrast abdominal CT
image shows multifocal bowel-
wall thickening involving the
small bowel (black arrows)
and cecum (black arrowhead)
with free air in the right

lower abdomen quadrant
(white arrow) indicating

bowel perforation. Selective
angiogram of the renal artery
(B) shows multiple distal small
saccular aneurysms (thin black
arrows). Pathology confirmed
the diagnosis of polyarteritis
nodosa.

Figure 6. A patient with massive hemoptysis, eye pain, and blurry vision. Axial chest CT image (A) shows bilateral thick wall cavitating masses
(black arrows). Axial postcontrast CT image of the orbit (B) shows thickening of the sclera and marked enhancement (black arrowheads),

secondary to episcleritis. Pathology confirmed the diagnosis of granulomatosis with polyangiitis.

Coronary CTA is a rapid modality that
can accurately diagnose coronary
artery stenosis in the emergency
setting with negative predictive value
up to 99%. However, optimal imaging
techniques should be applied to
lower radiation doses given most of
these patients are pediatrics.” CTA
can also evaluate coronary anoma-
lies, particularly those involving the
distal arteries (Figure 4).

MRI is valuable for assessing
cardiac function and myocardial
viability using a three-dimensional
SSFP sequence or non-enhanced
black-blood MRA to assess coronary
arteries involvement. 7**2 Patients
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can also develop other presentations
with nonspecific imaging findings,
including pseudo-obstructions,
hepatitis, pancreatitis, arthritis,

and myositis.”

Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is a
systemic necrotizing vasculitis that
may be triggered either idiopathical-
ly or by viral infection such as hep-
atitis or human immunodeficiency
virus (HIV). Compared with Kawa-
saki disease, PAN typically presents
with subacute onset and is more
commonly observed in the adult
population, particularly among

Alaskan and Kuwaiti natives.’

The diagnosis of systemic PAN is
established by the presence of three
of the following: significant weight
loss, livedo reticularis, testicular
pain, myalgia, neuropathy, hyper-
tension, elevated renal function,
hepatitis B infection, angiographic
abnormalities demonstrating an-
eurysms or occlusions and biop-
sy-proven vasculitis.

A hallmark of PAN is multiple
aneurysms, most commonly in
the kidneys (80-90%), followed by
the gastrointestinal tract (50-70%),
liver (50-60%), coronary arteries
(50%), spleen (45%) and pancreas

Supplement to Applied Radiology
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Figure 7. A patient

with hemoptysis and
rapidly progressing renal
failure. Axial chest CT

(A) demonstrates patchy
ground-glass opacities in
both lungs (white arrows)
secondary to pulmonary
hemorrhage. Greyscale
abdominal US image (B)
shows an echogenic kidney
(black arrow) in keeping
with medical renal disease.
The patient was later
diagnosed with microscopic
polyangiitis.

Figure 8. A young

patient with asthma and
eosinophilia. Axial chest

CT image (A) shows
consolidative (white arrow)
and ground-glass (black
arrows) opacities in both
lungs. Coronal reformatted
CT image of the paranasal
sinuses in the bone window
(B) shows opacification of
bilateral maxillary sinuses,
consistent with sinusitis.
The patient was later
diagnosed with eosinophilic
granulomatosis with
polyangiitis.

50

(25-35%). Computed tomography
(CT) and MRI vascular findings
include segmental mural thicken-
ing, submucosal edema, abnormal
hyperenhancement with a striated
pattern, arterial stenosis, and viscer-
al aneurysms (Figure 5).2?* Imaging
can also reveal renal or bowel
infarcts, perforation, hemorrhage,
or intramuscular hematoma.** The
diagnosis often relies on angio-
graphic findings of aneurysms up to
1 cm in diameter with a pathological
correlation of fibrinoid necrosis.”?

Small-vessel Vasculitis

Granulomatosis with Polyangiitis

Granulomatosis with polyangiitis
(GPA), formerly known as Wegner’s
granulomatosis, is an angiogenic
multisystem necrotizing disease
characterized by a triad of upper

Supplement to Applied Radiology

and lower respiratory tract gran-
ulomas, vasculitis, and renal in-
volvement (necrotizing crescentic
glomerulonephritis). GPA primarily
affects adults between the ages of
64 and 75, with an incidence of
3 cases per million people in the
United States. Diagnosis requires
at least 2 of the following: urinary
sediment containing red blood cell
casts, abnormal chest radiograph,
presence of oral ulcers or nasal
discharge, and granulomatous
inflammation on biopsy.?”%
Magnetic resonance imaging
reveals increased T2 signal and
postcontrast enhancement in early
disease and low T2 nonenhancing
fibrosis in late-stage disease, which
can manifest as enophthalmos and
subglottic or tracheal stenosis.?”*
About 25% of GPA patients present
with sinonasal disease with nonspe-
cific maxillary mucosal thickening

Vasculitis in the Emergency Room: The Pivotal Role of Imaging in Diagnosis and Management

on CT. Late-stage disease may show

osseous destruction involving the
nasal septum, turbinates, and an-
terior ethmoid region, potentially
leading to a saddle-nose deformity,
a hallmark of GPA.?” Pulmonary
findings in CT are nonspecific they
include nodules, consolidations,
and ground-glass opacities. *® Renal
involvement appears on ultrasound
as enlarged echogenic kidneys in
early stage- and shrunken kidneys
in late-stage disease.

Meanwhile, MRI shows wedge-
shaped T2 hyperintensity and
hypoenhancement in nephritis or
ischemia (Figure 6). Gastrointes-
tinal manifestations encompass
segmental hyperenhancing bow-
el-wall thickening with mesenteric
engorgement and, less commonly,
granulomatous colitis, granuloma-
tous pancreatic mass, splenic in-
farct or hemorrhage, and gastritis.?
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Figure 9. A patient with
lower gastrointestingal
bleeding and lower extremity
rash. Axial (A) and coronal
(B) contrast-enhanced
abdominal CT images show
thickening of the cecum

and ascending colon with
mucosal hyperenhancement
(black arrows) and moderate
abdominal ascites (white
arrows). The patient was later
diagnosed with Henoch-
Schonlein purpura.

Figure 10. A child with abdominal pain and neurological symptoms.
Axial contrast-enhanced abdominal CT image (A) shows diffuse small-
bowel wall thickening (black arrow), resulting in Target appearance.
Magnetic resonance angiography of the cerebral vessels (B) shows
multifocal stenoses in both MCAs (white arrowheads). The patient
was later diagnosed with systemic lupus vasculitis. Coronal FLAIR

MRI of the brain (C) shows multifocal subcortical white matter lesions
(black arrowheads).
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Microscopic Polyangiitis

Microscopic polyangiitis (MPA) is
a necrotizing vasculitide, like GPA,
with predominance in Asian coun-
tries such as China and Japan.*
Clinical and imaging presentation
can be variable depending on the
affected organs and include kidney
failure, hemoptysis, dyspnea, pleu-
ritic pain, and constitutional symp-
toms (Figure 7). Upper airway
complications are less common in
MPA compared to GPA. * The 2020
ACR-EULAR Classification Criteria
for small vessel vasculitis include
ANCA subtype as a major criterion
between GPA and MPA. **

Patients with pulmonary symp-
toms suspected of having MPA
should undergo chest CT, which
can demonstrate nodules with or
without cavitation, alveolar opac-
ities, or pleural lesions. Non-con-
trast CT is the preferred imaging
study, as these patients may also
have renal impairment.®

Eosinophilic Granulomatosis
With Polyangiitis

Eosinophilic granulomatosis
with polyangiitis (EGPA), previously
known as Churg-Strauss syndrome,
is an eosinophil-rich multisys-
tem necrotizing granulomatous
inflammation. The typical clinical
presentation typically includes
asthma, eosinophilia, palpable
purpura, and a positive PR3-ANCA
test found in 50% of cases. EGPA
commonly involves the lungs,
heart, gastrointestinal tract, spleen,
and kidneys (Figure 8).

Cardiac involvement carries an
unfavorable prognosis and is an
independent predictor of mortality.
Cardiac MR can assess the extent
of cardiac involvement, including
cardiomyopathy (30%, with late gad-
olinium enhancement), pericardial
effusion (22%), and valvular disease
(mainly affecting the mitral valve).®’
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Henoch-Schonlein Vasculitis

Henoch-Schonlein vasculitis,
also known as IgA vasculitis, is an
IgA-mediated immune vasculitis
that primarily affects the kidneys,
gastrointestinal tract, skin, lungs,
joints, and central nervous sys-
tem. The condition is commonly
observed in pediatric males and
typically presents with either an
upper respiratory or gastrointesti-
nal infection.* Diagnostic criteria
include purpura/petechiae with
lower limb predominance and at
least one of the following: arthri-
tis, diffuse abdominal pain, renal
involvement, or histopathology
revealing IgA deposits or leukocyto-
plastic vasculitis.®

The gastrointestinal system,
commonly the ileum, is involved in
60% of patients, with radiography
showing smooth fold thickening,
known as thumbprinting or irreg-
ular wall thickening.* CT features
are nonspecific and may include
bowel-wall thickening, mural hy-
perdensity in noncontrast images,
indicating submucosal hemor-
rhage, or focal mural hypoenhance-
ment, indicating ischemia (Figure
9). Differential diagnoses include
inflammatory bowel disease, enteri-
tis, ischemic bowel, and malignan-
cy. Imaging also plays an essential
role in diagnosing complications
such as intussusception, perfora-
tion, and obstruction.?*’

Lupus Vasculitis

Systemic lupus erythematosus
(SLE) is a chronic autoimmune
inflammatory condition with a
broad spectrum of manifestations,
including vasculitis, which can lead
to severe morbidity and mortality. *
Cutaneous lupus vasculitis (19-28%)
presents with palpable purpura,
petechiae, splinter hemorrhag-
es, and superficial ulcerations. *
Neuropsychologic SLE secondary to
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vasculitis (31%) presents with mul-
tiple high T2-weighted/FLAIR focal
lesions in the subcortical white
matter and basal ganglia in MRI.*>#
Lupus enteritis (0.2-14.2%) presents
with dilated bowel, focal, or diffuse
bowel-wall thickening, abnormal
bowel-wall enhancement, engorged
mesenteric vessels, ascites, and
lymphadenopathy in abdominal CT
(Figure 10). Renal vasculitis coexist-
ing with lupus nephritis increases
the risk of end-stage renal disease.®
Pulmonary vasculitis often leads to
diffuse alveolar hemorrhage with
ground-glass opacifications and
pleural effusions in chest CT.*

Conclusion

Vasculitis represents a complex
spectrum of disorders character-
ized by inflammation of blood
vessels. Given its myriad presen-
tations in the emergencies and
potential for severe complications,
timely and accurate diagno-
sis is paramount.

Although tissue biopsy re-
mains definitive, its limitations
underscore the critical role of
imaging in diagnosis within emer-
gency settings.

Radiologists equipped with a
deep understanding of vasculi-
tis’ imaging manifestations are
essential to the diagnostic and
management process. Collabora-
tive efforts, melding clinical and
radiological insights, are vital for
optimal outcomes for emergent
cases of vasculitis.
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